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ABSTRACT
Objective  We aimed to examine the associations of 
urinary albumin-to-creatinine ratio (ACR) levels with risks 
of subclinical atherosclerosis, cardiovascular events and 
all-cause deaths.
Methods  Data from a large population-based cohort 
were used, which included 9580 participants aged ≥40 
years free from cardiovascular diseases. Carotid intima–
media thickness, brachial-ankle pulse wave velocity and 
ankle-brachial index were measured at baseline to assess 
subclinical atherosclerosis. After a median of 4.53 years’ 
follow-up, 486 cardiovascular events and 230 all-cause 
deaths were recorded.
Results  The urinary ACR levels were categorised into 
three groups. Compared with the normal group (0≤ACR 
<7.82 mg/g), people with low-grade albuminuria 
(7.82≤ACR <30 mg/g) and albuminuria (ACR ≥30 mg/g) 
had higher levels of subclinical atherosclerosis. In 
prospective analysis, people with low-grade albuminuria 
was not significantly associated with cardiovascular 
events (HR=1.18; 95% CI 0.95 to 1.46], whereas people 
with albuminuria had a 50% higher risk of cardiovascular 
events (HR=1.50; 95% CI 1.11 to 2.03). People with low-
grade albuminuria and albuminuria had 43% (HR=1.43; 
95% CI 1.05 to 1.93) and 87% (HR=1.87; 95% CI 1.24 to 
2.81) higher risks of all-cause deaths during follow-up, 
respectively. In stratified analysis, the association of higher 
ACR with risks of cardiovascular events and all-cause 
deaths was stronger among individuals with concomitant 
subclinical atherosclerosis, the presence of diabetes and 
more cardiovascular risk factors, respectively.
Conclusions  ACR levels were positively associated 
with subclinical atherosclerosis and predicted the 
risks of cardiovascular events and all-cause deaths. 
Evaluation of ACR levels should be integrated into risk 
stratification and prevention of cardiovascular events 
and all-cause deaths, especially among those with pre-
existing subclinical atherosclerosis and cardiometabolic 
abnormalities.

INTRODUCTION
Albumin-to-creatinine ratio (ACR) well 
represents the severity of proteinuria and is 
a marker of endothelial dysfunction. Albu-
minuria were closely associated with the risks 
of cardiovascular diseases (CVD).1 2 Further 
explorations found that higher level of ACR 
within the normal range was also associated 
with an increased risk of cardiovascular 
events.3

In China, the prevalence of CVD is still 
on the rise.4 Subclinical atherosclerosis, 
including but not limited to elevated carotid 
intima–media thickness (CIMT), carotid 
plaques, elevated brachial-ankle pulse wave 
velocity (Ba-PWV), abnormal ankle-brachial 
index (ABI), can reflect an elevated risk 
of atherosclerotic cardiovascular abnor-
malities and lead to major adverse CVD 

Strengths and limitations of this study

►► It provided a comprehensive evaluation of micro-
vascular and macrovascular indicators and detected 
the joint impact on the risks of cardiovascular events 
and all-cause deaths in general population.

►► Cross-sectional analysis was applied to investigate 
the associations between albumin-to-creatinine 
ratio (ACR) levels and subclinical atherosclerosis, 
which could not show direct causal links.

►► The follow-up duration was comparatively short and 
only one follow-up visit was conducted.

►► A relatively small number of participants with car-
diovascular events and all-cause deaths were in-
cluded, so composite outcomes were adopted.

►► Urinary ACR levels were calculated using a single 
morning urine sample, instead of 24-hour urine 
sample.
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such as myocardial infarction, stroke, heart failure and 
cardiovascular-related deaths. Thus, early identification 
and prevention of subclinical atherosclerosis are of great 
importance.

Several previous studies have reported that a higher 
level of albuminuria was a risk factor for the develop-
ment of atherosclerosis.5 There is also emerging evidence 
that low-grade albuminuria was significantly associated 
with subclinical atherosclerosis.6–8 However, studies that 
investigated the effect of ACR level on the risks of cardio-
vascular events and all-cause deaths by different status of 
subclinical atherosclerosis are still limited.

The main objective of our study was to comprehen-
sively examine the cross-sectional associations of ACR 
levels with subclinical atherosclerosis indicators and 
further to detect the effect of ACR levels on the risks of 
cardiovascular events and all-cause deaths by subclinical 
atherosclerosis status, diabetes status and the number of 
cardiovascular risk factors during a median of 4.53 years’ 
follow-up in a prospective cohort with general population 
in Shanghai, China.

METHODS
Study population
This study enrolled participants aged 40 years or older 
in Jiading District, Shanghai, China. The study design 
had been published elsewhere.9 At baseline (March–
August, 2010), 10 375 registered permanent residents 
participated. At the follow-up visit (August 2014 to May 
2015), 10 372 responded. The inclusion and exclusion 
criteria are shown in figure  1. Overall, we excluded 

795 people with missing data on ACR measurements, 
self-reported kidney disease history or self-reported 
cardiovascular event history. After that, 9580 individ-
uals were included. Furthermore, we excluded people 
with missing data and leave 9507 (carotid atheroscle-
rosis), 9168 (Ba-PWV) and 9330 (ABI) participants for 
the analysis of individual subclinical atherosclerosis 
indicator, respectively. For prospective analysis, subjects 
with missing data at follow-up were further excluded, 
leaving 8023 participants for the analysis of cardiovas-
cular events and 9577 for all-cause deaths.

The study protocols were approved by the Committee 
on Human Research at Rui-jin Hospital affiliated to 
Shanghai Jiaotong University School of Medicine. Each 
subject provided written informed consent.

Baseline data collection and definition
Urine albumin was measured with an immunoturbi-
dimetric method (Beijing Atom High-Tech, Beijing, 
China) and was indexed to urine creatinine (Jaffe’s 
kinetic method, Hitachi 7600–020, Tokyo, Japan) to 
estimate the urinary ACR. ACR levels (mg/g) were cate-
gorised into three groups: normal (0≤ACR<7.82), low-
grade albuminuria (7.82≤ACR<30) and albuminuria 
(ACR≥30). The value 7.82 is the 75th percentile value 
within the normal range of ACR (0–30).10 Metabolic 
equivalent minutes per week (MET-min/week) were 
calculated and physical activity was dichotomised as 
meeting (≥600 MET-min/week) or not meeting current 
guidelines.11

Diabetes mellitus was defined as a fasting blood 
glucose ≥126 mg/dL and/or a postload glucose 

Figure 1  Study flowchart. Subclinical atherosclerosis: (1) carotid atherosclerosis (carotid intima-media thickness >0.6 mm 
or the presence of carotid stenosis as 50%), (2) elevated Ba-PWV (Ba-PWV >1789 cm/s) or (3) abnormal ABI (ABI<0.9 or 
ABI>1.4). Cardiovascular events: the first instance of nonfatal myocardial infarction, nonfatal stroke, congestive heart failure or 
cardiovascular-related deaths. ABI,ankle-brachial index; ACR, albumin-to-creatinine ratio; Ba-PWV, brachial-anklepulse wave 
velocity.
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≥200 mg/dL and/or haemoglobin A1c ≥6.5% and/or 
taking glucose-lowering medications. Six cardiovascular 
health (CVH) metrics including smoking habit, phys-
ical activity, body mass index (BMI), blood pressure, 
total cholesterol and fasting blood glucose were used 
for the assessment of ideal CVH. Each metric was cate-
gorised into ideal and nonideal levels according to the 
American Heart Association (AHA) definition.12 People 
with a nonideal level of each CVH was defined as having 
one cardiovascular risk factor.

Trained sonographer operated a high-resolution 
B-mode tomographic ultrasound system (Esaote 
Biomedica SpA, Italy) with a linear 7.5 MHz transducer 
to measure CIMT and to detect carotid plaques. Online 
CIMT value was captured and the larger value of both 
two sides was adopted for analysis. Multiaspect plaque 
detections were performed at sections of carotid arteries. 
CIMT>0.6 mm (75th percentile value) or the pres-
ence of carotid stenosis as 50% was defined as carotid 
atherosclerosis.

Ba-PWV and ABI were determined with Colin VP-1000 
(Model BP203RPE II, form PWV/ABI) by practitioners. 
The larger Ba-PWV value and two ABI values of both the 
left and right sides were adopted for analysis. Elevated 
Ba-PWV was defined as greater that the 75th percentile 

value (1789 cm/s) of the study population. Abnormal 
ABI was defined as ABI<0.9 or ABI>1.4.

A composite status of subclinical atherosclerosis was 
evaluated based on the presence of abnormal indicators 
and defined as subclinical atherosclerosis when any of 
the following criteria were met: (1) carotid atheroscle-
rosis (CIMT>0.6 mm or the presence of carotid stenosis 
as 50%), (2) elevated Ba-PWV (Ba-PWV >1789 cm/s), (3) 
abnormal ABI (ABI<0.9 or ABI>1.4).

Outcome collection and definition
Information on cardiovascular events, death and its 
specific cause was collected from local disease and death 
registries of the National Disease Surveillance Point 
System and National Health Insurance System. Over the 
study period, subjects’ medical records would be collected 
and adjudicated centrally if they visited an emergency 
room or were hospitalised.

Cardiovascular events were defined as the first instance 
of nonfatal myocardial infarction, nonfatal stroke, conges-
tive heart failure or deaths with established unequivocal 
cardiovascular cause during follow-up. All-cause deaths 
were defined as demise irrespective of any cause during 
follow-up.

Table 1  Baseline characteristics according to different ACR groups (mg/g)

Variables Total n=9580
0≤ACR <7.82
n=6737

7.82≤ACR <30
n=2248

ACR ≥30
n=595 Pfor trend

ACR (mg/g) 4.88 (2.79–9.02) 3.56 (2.27–5.15) 12.19 (9.40–16.77) 54.49 (38.86–98.90) <0.0001

Age (year) 58.2±9.6 57.3±9.3 60.1±9.8 61.3±10.9 <0.0001

Sex (male, n (%)) 3605 (37.63) 2851 (42.32) 582 (25.89) 172 (28.91) <0.0001

BMI (kg/m2) 25.1±3.3 24.9±3.1 25.4±3.4 26.1±3.7 <0.0001

Education (≥9 years, n (%)) 6156 (64.58) 4630 (69.04) 1209 (54.12) 317 (53.46) <0.0001

Current smoking (n (%)) 1950 (21.07) 1559 (23.92) 305 (14.06) 86 (15.09) <0.0001

Current drinking (n (%)) 968 (10.44) 734 (11.25) 175 (8.03) 59 (10.30) 0.0020

Physical activity
(≥600 MET-min/week, n (%))

6828 (71.27) 4862 (72.17) 1576 (70.11) 390 (65.55) 0.0003

Triglyceride (mg/dL) 103.0 (72.9–146.6) 101.5 (72.2–142.9) 106.0 (73.7–154.9) 112.8 (79.7–163.9) <0.0001

High-density lipoprotein 
cholesterol (mg/dL)

51.4±12.3 51.3±12.1 51.5±12.6 51.3±12.1 0.6622

Low-density lipoprotein 
cholesterol (mg/dL)

123.1±33.3 122.6±32.5 124.4±35.0 123.8±35.7 0.0470

Total cholesterol (mg/dL) 206.1±39.3 204.9±37.7 208.7±42.8 210.4±42.3 <0.0001

Systolic blood pressure (mm 
Hg)

140.8±20.1 138.2±19.1 145.5±20.2 153.7±21.8 <0.0001

Diabetes (n (%)) 1687 (17.66) 962 (14.32) 525 (23.42) 200 (33.84) <0.0001

eGFR (mL/min/1.73 m²) 99.8 (92.4–106.3) 100.1 (93.2–106.4) 99.5 (91.9–106.3) 96.8 (85.4–104.8) <0.0001

CIMT (mm) 0.6 (0.5–0.6) 0.6 (0.5–0.6) 0.6 (0.5–0.6) 0.6 (0.5–0.7) <0.0001

Ba-PWV (cm/s) 1536 (1351–1789) 1496 (1325–1724) 1614 (1411–1883) 1751 (1480–2061) <0.0001

ABI 1.06 (0.99–1.12) 1.06 (0.99–1.12) 1.07 (1.00–1.12) 1.06 (0.99–1.12) 0.9317

Continuous variables were presented as means ± standard deviation or medians (quartile ranges); categorised variables were presented as n (%).
ABI, ankle-brachial index; ACR, albumin-to-creatinine ratio; Ba-PWV, brachial-ankle pulse wave velocity; BMI, body mass index; CIMT, carotid intima-
media thickness; eGFR, estimated glomerular filtration rate; MET-min/week, metabolic equivalent minutes per week.
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Statistical analysis
Continuous variables in normal distribution were 
presented as means±SD. Skewed variables were 
presented as medians (quartile ranges) and logarithmi-
cally transformed before analysis. χ2 tests were used to 
assess the proportions of subclinical atherosclerosis and 
incidences of cardiovascular events and all-cause deaths 
according to different ACR groups. Logistic regression 
models were adopted to examine the cross-sectional 
associations between ACR levels and subclinical athero-
sclerosis. Multivariate calibration models adjusted age, 
sex, BMI, education level, current smoking, current 
drinking, physical activity, triglyceride, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol, 
total cholesterol, systolic blood pressure, diabetes status 
and estimated glomerular filtration rate (eGFR). Cox 
proportional hazards regression models were adopted 
to prospectively examine the associations between ACR 
levels and risks of cardiovascular events and all-cause 
deaths. In addition, we conducted stratified analysis to 
evaluate the effect of ACR levels on the risks of cardio-
vascular events and all-cause deaths by subclinical 
atherosclerosis status, diabetes status and number of 
cardiovascular risk factors.

A two-sided p value <0.05 was considered statistically 
significant. All analyses were performed with SAS soft-
ware V.9.4 (SAS Institute, Cary, North Carolina, USA).

Patient and public involvement
This research was done without patient involvement. 
Patients were not invited to comment on the study design 
or contribute to the acquisition, analysis or interpreta-
tion of data for the work. Patients were not consulted to 
develop relevant outcomes. Patients were not invited to 
draft the manuscript for integrity or accuracy.

RESULTS
Table 1 summarised baseline characteristics of this popu-
lation. Among 9580 participants (men, 3605, 37.63%), 
there were 6737, 2248 and 595 subjects according to 
different ACR groups. With an increase in ACR level, 
age, BMI, triglyceride, low-density lipoprotein choles-
terol, total cholesterol, systolic blood pressure, CIMT and 
Ba-PWV levels increased, while the eGFR level decreased, 
gradually (pfor trend <0.05). Proportions of men, high 
level of education, current smoking, current drinking 
and physical activity (≥600 MET-min/week) showed 
decreasing trends, except diabetes (pfor trend <0.05). High-
density lipoprotein cholesterol and ABI showed no signif-
icant differences through ACR groups.

Proportions of subclinical atherosclerosis and inci-
dences of cardiovascular events and all-cause deaths 
according to different ACR groups are presented in 
table 2. Along with the ACR level increasing, proportions 
of carotid atherosclerosis, elevated Ba-PWV and presence 
of subclinical atherosclerosis statistically increased and 
showed rising trends (pfor trend <0.05), while the proportions 
of abnormal ABI showed faint differences (pfor trend=0.08). 
Incidences of cardiovascular events were 5.00%, 7.74% 
and 11.41% in three groups, respectively. All-cause deaths 
incidences were 1.75%, 3.43% and 5.88%, respectively. 
Significant differences were also observed and showed 
rising trends (pfor trend <0.05) across three groups.

Positive associations were found between ACR levels 
and subclinical atherosclerosis at baseline (table  3). 
Compared with the normal group, ORs (95% CI) were 
1.22 (1.07 to 1.38) for carotid atherosclerosis and 1.15 
(1.02–1.30) for the presence of subclinical atherosclerosis 
among subjects with low-grade albuminuria after fully 
adjustments, respectively. Similar results were found for 
elevated Ba-PWV (OR=1.44; 95% CI 1.27 to 1.64) after 

Table 2  Proportions of subclinical atherosclerosis, incidences of cardiovascular events and all-cause deaths according to 
different ACR groups (mg/g)

Proportions and 
incidences (%) Total 0≤ACR <7.82 7.82≤ACR <30 ACR ≥30 Pfor trend

Proportions of subclinical atherosclerosis at baseline

 � Carotid 
atherosclerosis

27.22% (2588/9507) 24.94% (1670/6697) 32.03% (712/2223) 35.09% (206/587) <0.0001

 � Elevated Ba-PWV 24.98% (2290/9168) 20.63% (1331/6453) 32.51% (698/2147) 45.95% (261/568) <0.0001

 � Abnormal ABI 6.82% (636/9330) 6.66% (437/6566) 6.63% (145/2186) 9.34% (54/578) 0.0820

 � Presence of 
subclinical 
atherosclerosis

44.16% (4009/9079) 40.31% (2580/6401) 51.37% (1089/2120) 60.93% (340/558) <0.0001

Incidences of cardiovascular events and all-cause deaths during follow-up

 � Cardiovascular events 6.06% (486/8023) 5.00% (281/5620) 7.74% (146/1886) 11.41% (59/517) <0.0001

 � All-cause deaths 2.40% (230/9577) 1.75% (118/6735) 3.43% (77/2247) 5.88% (35/595) <0.0001

Subclinical atherosclerosis: (1) carotid atherosclerosis (carotid intima-media thickness >0.6 mm or the presence of carotid stenosis as 50%), (2) 
elevated Ba-PWV (Ba-PWV >1789 cm/s) or (3) abnormal ABI (ABI<0.9 or ABI>1.4). Cardiovascular events: the first instance of nonfatal myocardial 
infarction, nonfatal stroke, congestive heart failure or cardiovascular-related deaths.
ABI, ankle-brachial index; ACR, albumin-to-creatinine ratio; Ba-PWV, brachial-ankle pulse wave velocity.
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adjustment of age, sex, BMI, education level, current 
smoking, current drinking and physical activity, but the 
association was attenuated after further adjustments of 
metabolic risk factors (OR=1.15; 95% CI 0.999 to 1.33). 
No correlation was found between low-grade albuminuria 
and abnormal ABI. When comparing the albuminuria 
group with the normal group, associations between ACR 
levels and elevated Ba-PWV (OR=1.43; 95% CI 1.12 to 
1.82), abnormal ABI (OR=1.41; 95% CI 1.03 to 1.94) and 

presence of subclinical atherosclerosis (OR=1.34; 95% CI 
1.07 to 1.68) were statistically significant in fully adjusted 
model. As ACR groups grew higher, ORs (95% CI) for 
carotid atherosclerosis, elevated Ba-PWV and presence of 
subclinical atherosclerosis showed rising trends (pfor trend 
<0.05).

Cox regression analysis showed that higher ACR levels 
associated with higher risks of incident cardiovascular 
events and all-cause deaths (table  4). The associations 

Table 4  Risks of cardiovascular events and all-cause deaths according to different ACR groups (with reference to 
0<ACR<7.82, mg/g)

Cardiovascular events and all-cause 
deaths

HR (95% CIs)

Model 1 Model 2 Model 3

Cardiovascular events

 � 7.82≤ACR <30 1.57 (1.29 to 1.92) 1.26 (1.02 to 1.56) 1.18 (0.95 to 1.46)

 � ACR ≥30 2.36 (1.78 to 3.13) 1.75 (1.31 to 2.34) 1.50 (1.11 to 2.03)

 � Pfor trend <0.0001 0.0001 0.0066

All-cause deaths

 � 7.82≤ACR <30 1.97 (1.48 to 2.62) 1.57 (1.16 to 2.11) 1.43 (1.05 to 1.93)

 � ACR ≥30 3.47 (2.38 to 5.05) 2.22 (1.51 to 3.28) 1.87 (1.24 to 2.81)

 � Pfor trend <0.0001 <0.0001 0.0010

Cardiovascular events: the first instance of nonfatal myocardial infarction, nonfatal stroke, congestive heart failure or cardiovascular-related deaths.
Model 1: not adjusted; Model 2: adjusted age, sex, body mass index, education level, current smoking, current drinking, physical activity; Model 
3: further adjusted triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, systolic blood pressure, 
diabetes status, eGFR.
ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate.

Table 3  Associations between ACR levels and subclinical atherosclerosis at baseline (with reference to 0≤ACR <7.82, mg/g)

Subclinical atherosclerosis

OR (95% CIs)

Model 1 Model 2 Model 3

Carotid atherosclerosis

 � 7.82≤ACR <30 1.42 (1.28 to 1.58) 1.30 (1.14 to 1.47) 1.22 (1.07 to 1.38)

 � ACR ≥30 1.63 (1.36 to 1.95) 1.28 (1.04 to 1.59) 1.07 (0.86 to 1.33)

 � Pfor trend <0.0001 <0.0001 0.0333

Elevated Ba-PWV

 � 7.82≤ACR <30 1.85 (1.66 to 2.07) 1.44 (1.27 to 1.64) 1.15 (0.999 to 1.33)

 � ACR ≥30 3.27 (2.75 to 3.90) 2.57 (2.08 to 3.18) 1.43 (1.12 to 1.82)

 � Pfor trend <0.0001 <0.0001 0.0013

Abnormal ABI

 � 7.82≤ACR <30 1.00 (0.82 to 1.21) 0.98 (0.80 to 1.20) 0.99 (0.80 to 1.21)

 � ACR ≥30 1.45 (1.08 to 1.94) 1.44 (1.07 to 1.95) 1.41 (1.03 to 1.94)

 � Pfor trend 0.0822 0.1090 0.1404

Presence of subclinical atherosclerosis

 � 7.82≤ACR <30 1.56 (1.42 to 1.73) 1.35 (1.20 to 1.52) 1.15 (1.02 to 1.30)

 � ACR ≥30 2.31 (1.94 to 2.76) 2.02 (1.64 to 2.50) 1.34 (1.07 to 1.68)

 � Pfor trend <0.0001 <0.0001 0.0017

Subclinical atherosclerosis: (1) carotid atherosclerosis (carotid intima-media thickness >0.6 mm or the presence of carotid stenosis as 50%), (2) 
elevated Ba-PWV (Ba-PWV >1789 cm/s) or (3) abnormal ABI (ABI<0.9 or ABI>1.4).
Model 1: not adjusted; Model 2: adjusted age, sex, body mass index, education level, current smoking, current drinking, physical activity; Model 
3: further adjusted triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, systolic blood pressure, 
diabetes status, eGFR.
ABI, ankle-brachial index; ACR, albumin-to-creatinine ratio; Ba-PWV, brachial-ankle pulse wave velocity; eGFR, estimated glomerular filtration rate.
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were significant and showed rising tends from the normal 
group across to the albuminuria group (pfor trend <0.05). 
Comparing to subjects in the normal group, people with 
low-grade albuminuria had 26% higher risk (HR=1.26; 
95% CI 1.02 to 1.56) of cardiovascular events after adjust-
ment of age, sex, BMI, education level, current smoking, 
current drinking and physical activity, but the association 
was attenuated after further adjustments of lipids, blood 
pressure, diabetes status and eGFR (HR=1.18; 95% CI 
0.95 to 1.46). People with albuminuria had 50% higher 
risk (HR=1.50; 95% CI 1.11 to 2.03) of cardiovascular 
events in multivariate model. For all-cause deaths, people 
with low-grade albuminuria and albuminuria showed 
43% higher risk (HR=1.43; 95% CI 1.05 to 1.93) and 87% 
higher risk (HR=1.87; 95% CI 1.24 to 2.81), respectively.

Associations of ACR levels with incident cardiovascular 
events and all-cause deaths were evaluated according to 
the subclinical atherosclerosis status (figure  2). In the 
stratified analysis according to the presence of abnormal 
ABI, people with albuminuria showed a higher risk of 
all-cause deaths regardless of ABI status (1.69 (1.06 to 
2.70) among category without abnormal ABI; 3.96 (1.32 
to 11.89) among category with abnormal ABI), whereas 
only in those without abnormal ABI, a significant higher 
risk of cardiovascular events was detected for albuminuria 
(HR=1.49; 95% CI 1.08 to 2.07). Besides, the higher risks of 
cardiovascular events and all-cause deaths with ACR were 
mainly detected among individuals who had concomitant 
subclinical atherosclerosis. Compared with subjects in the 
normal group, the adjusted HRs (95% CIs) of cardiovas-
cular events for those with albuminuria were 1.63 (1.06 
to 2.50) in the category with carotid atherosclerosis, 1.64 
(1.11 to 2.41) in the category with elevated Ba-PWV and 
1.72 (1.21 to 2.43) in the category with subclinical athero-
sclerosis, respectively. For all-cause deaths, results in those 
with subclinical atherosclerosis were similar, but even low-
grade albuminuria showed a significant higher possibility 
of death. However, these associations were not found in 
the categories without subclinical atherosclerosis.

Additionally, associations of ACR levels with incident 
cardiovascular events and all-cause deaths were evaluated 
according to the diabetes status and number of cardio-
vascular risk factors (figure  3). Among subjects with 
diabetes, people with albuminuria had higher risks of 
cardiovascular events (HR=1.79; 95% CI 1.12 to 2.84) and 
all-cause deaths (HR=2.91; 95% CI 1.49 to 5.66), respec-
tively. The risks were not significant among those without 
diabetes. When stratified by the number of cardiovascular 
risk factors, compared with subjects in the normal group, 
the adjusted HRs (95% CIs) of cardiovascular events for 
those with albuminuria were 1.91 (0.81 to 4.50) in the 
category with 0–2 cardiovascular risk factors, 1.34 (0.71 to 
2.53) in the category with three cardiovascular risk factors 
and 1.88 (1.31 to 2.70) in the category with 4–6 cardio-
vascular risk factors, respectively. For all-cause deaths, 
results in those with 4–6 cardiovascular risk factors were 
similar (HR=2.85; 95% CI 1.69 to 4.81), but even low-
grade albuminuria showed a significant higher possibility 

of death (HR=1.67; 95% CI 1.06 to 2.64). However, these 
associations were not found in the categories with 0–2 
cardiovascular risk factors or 3 cardiovascular risk factors, 
respectively.

DISCUSSION
The study showed that urinary ACR levels were signifi-
cantly associated with subclinical atherosclerosis and 
predicted higher risks of cardiovascular events and all-
cause deaths independently of glycaemic status and renal 
function during 4.53 year’s follow-up. Of note, the asso-
ciation of higher ACR with risks of cardiovascular events 
and all-cause deaths was stronger among individuals who 
had concomitant subclinical atherosclerosis, suggesting 
the joint impact of the microvascular and macrovascular 
dysfunctions on the risks of long-term atherosclerotic 
CVD and death. Additionally, the associations were more 
significant among subjects with the presence of diabetes 
or more cardiovascular risk factors.

Although several studies have reported a positive asso-
ciation between ACR and the indicators of subclinical 
atherosclerosis, most of the investigations have been 
limited by small sample sizes and incomplete evaluation 
for subclinical atherosclerosis status. Using data from 
a well-defined community-based population cohort, 
our study employed 3 indexes (carotid atherosclerosis, 
elevated Ba-PWV and peripheral arterial disease (PAD) 
evaluated by abnormal ABI) to reflect the subclinical 
atherosclerosis status. Our results are consistent with 
most, but not all, studies that have demonstrated robust 
associations of ACR with indicators of subclinical athero-
sclerosis.13–16 The inconsistencies might be due to the 
younger age of our population and lower proportion 
of underlying metabolic diseases. We found significant 
positive associations of albuminuria (ACR≥30 mg/g) with 
elevated Ba-PWV and abnormal ABI, whereas a border-
line significant relationship was detected for carotid 
atherosclerosis. Particularly, even normal–high ACR 
level (low-grade albuminuria) was found to be associated 
with carotid atherosclerosis after adjustments for other 
cardiometabolic risk factors. As for elevated Ba-PWV, low-
grade albuminuria showed significantly higher ORs after 
accounting for sociodemographic characteristics and life-
style factors. However, the association was weakened after 
further adjustments of metabolic risk factors, suggesting 
the mediated effect of metabolic factors. In addition, no 
significant relationship was detected between low-grade 
albuminuria and abnormal ABI, which was in line with a 
study conducted in diabetic patients in China showing the 
low-grade albuminuria was related to elevated Ba-PWV, 
but no differences of ABI were detected.8

Clinically, carotid atherosclerosis, both elevated CIMT 
and the presence of carotid plaque, was recognised as a 
reliable marker of atherosclerosis. Meanwhile, Ba-PWV 
and ABI are often used to evaluate the degree of arte-
rial stiffness and to diagnose PAD. American college of 
cardiology (ACC) and AHA) suggest that early detection 
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Figure 2  (A–H). Risks of cardiovascular events and all-cause deaths according to different ACR groups stratified by baseline 
subclinical atherosclerosis. Carotid atherosclerosis (A, B), elevated Ba-PWV (C, D), abnormal ABI (E, F), presence of subclinical 
atherosclerosis (G, H). The model was adjusted for age, sex, body mass index, education level, current smoking, current 
drinking, physical activity, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, 
systolic blood pressure, diabetes status, eGFR. ABI,ankle-brachial index; ACR, albumin-to-creatinine ratio; Ba-PWV, brachial-
ankle pulse wave velocity; eFGR, estimated glomerular filtration rate; ref., reference.
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and treatment of PAD can prevent disability and reduce 
mortality.17 Subclinical atherosclerosis status can reflect 
vascular injuries and is regarded as an early stage of 
atherosclerotic CVD. In our study, we adopted a composite 
definition of subclinical atherosclerosis using those three 
indicators and found consistent associations of subclin-
ical atherosclerosis with both low-grade albuminuria 
and albuminuria, suggesting that ACR levels should be 
taken into account for vascular disease risk evaluation 
and prevention. The general standpoint suggested that 
endothelial dysfunction and subtle chronic inflammation 
would be the common underlying mechanisms. Other 

research discovered that accelerated atherosclerosis 
could be a plausible mechanism for those relationships.18

It has been proved that albuminuria is related to the 
risks of cardiovascular events and all-cause deaths.19 20 
Our results were consistent with the previous studies. For 
instance, Ohsawa et al found that albuminuria was useful 
for predicting cardiovascular events and all-cause deaths 
in Japanese subjects.21 In another study, albuminuria 
was found independently associated with cardiovascular 
events and all-cause deaths.22 Hence, individuals with 
albuminuria need to take serious precaution and preven-
tion of cardiovascular events and all-cause deaths. In 

Figure 3  (A–D). Risks of cardiovascular events and all-cause deaths according to different ACR groups stratified by diabetes 
status and number of cardiovascular risk factors. Diabetes status (A, B), number of cardiovascular risk factors (C, D). The 
model was adjusted for age, sex, education level, current drinking, eGFR. ACR, albumin-to-creatinine ratio; eGFR, estimated 
glomerular filtration rate; ref., reference.
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addition, our study showed that low-grade albuminuria 
increased the risks of cardiovascular events and all-cause 
deaths, consistent with the previous studies.23 As for low-
grade albuminuria, association with cardiovascular events 
was weakened after further adjustments of metabolic 
risk factors, suggesting the mediated effect of metabolic 
factors. Nevertheless, low-grade albuminuria was found to 
be associated with all-cause deaths significantly. A possible 
explanation is the potential contribution of low-grade 
albuminuria to the renal disease-related death. However, 
the association between low-grade albuminuria and all-
cause deaths was independent of eGFR level.

To our knowledge, evidence for cardiovascular events 
risks associated with ACR levels by different subclinical 
atherosclerosis indicators was still limited. According to 
our results of baseline analyses between ACR and subclin-
ical atherosclerosis, microvascular and macrovascular 
impairments usually co-occur and ultimately affect CVD. 
Thus, we extended the previous knowledge by including 
the stratified analysis according to subclinical athero-
sclerosis status and found a stronger association among 
individuals who had concomitant subclinical atheroscle-
rosis, highlighting the importance of ACR in cardio-
vascular event risk evaluation, especially in those with 
pre-existing atherosclerotic abnormalities. Moreover, we 
found a significantly larger magnitude of the association 
for albuminuria with cardiovascular events and all-cause 
deaths in participants with diabetes or more cardiovas-
cular risk factors, which highlight the importance of 
monitoring and lowering albuminuria for the prevention 
of CVD events and related deaths in the public health 
field, especially among subjects with cardiometabolic 
abnormalities.

A main strength of this study was that it provided a 
comprehensive evaluation of microvascular and macrovas-
cular indicators and detected the joint impact on the risks 
of cardiovascular events and all-cause deaths in general 
population. However, several limitations were identi-
fied. First, cross-sectional analysis was applied to investi-
gate the associations between ACR levels and subclinical 
atherosclerosis, which could not show direct causal links. 
Second, the follow-up duration was comparatively short 
and only one follow-up visit was conducted. Third, a rela-
tively small number of participants with cardiovascular 
events and all-cause deaths were included, so composite 
outcomes were adopted. Fourth, urinary ACR levels were 
calculated using a single morning urine sample, instead 
of 24-hour urine sample. However, the sensitivity and 
specificity of ACR in predicting microalbuminuria are 
87.6% and 87.5%, respectively.24 The use of spot urine 
collection was recommended and widely applied in popu-
lation surveys.25

In summary, higher urinary ACR levels were positively 
associated with subclinical atherosclerosis and further 
predicted the risks of cardiovascular events and all-cause 
deaths. Evaluation of ACR level should be a high priority 
for both risk stratification and prevention of cardio-
vascular events and all-cause deaths, especially among 

those with pre-existing subclinical atherosclerosis and 
cardiometabolic abnormalities.
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