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Abstract

between proteinuria and atherosclerosis.

atherosclerosis on the results.

prediction ability.

erosclerosis should not be ignored.

Background and aims: Atherosclerosis is a vital cause of cardiovascular diseases. The correlation between proteinu-
ria and atherosclerosis, however, has not been confirmed. This study aimed to assess whether there is a relationship

Methods: From January 2016 to September 2020, 13,545 asymptomatic subjects from four centres in southern
China underwent dipstick proteinuria testing and carotid atherosclerosis examination. Data on demography and past
medical history were collected, and laboratory examinations were performed. The samples consisted of 7405 subjects
(4875 males and 2530 females), excluding subjects failing to reach predefined standards and containing enough
information. A multivariate logistic regression model was used to adjust the influence of traditional risk factors for

Results: Compared with proteinuria-negative subjects, proteinuria-positive subjects had a higher prevalence rate

of carotid atherosclerosis. The differences were statistically significant (22.6% vs. 26.7%, x* = 10.03, p=0.002). After
adjusting for common risk factors for atherosclerosis, age, sex, BMI, blood lipids, blood pressure, renal function, hyper-
tensive disease, diabetes mellitus and hyperlipidaemia, proteinuria was an independent risk factor for atherosclerosis
(OR=1.191,95% Cl 1.015-1.398, p=0.033). The Hosmer-Lemeshow test was used to test the risk prediction model
of atherosclerosis, and the results showed that the model has high goodness of fit and strong independent variable

Conclusions: Proteinuria is independently related to carotid atherosclerosis. With the increase in proteinuria level,
the risk of carotid atherosclerotic plaque increases. For patients with positive proteinuria, further examination of ath-
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of
human deaths globally [1]. Not merely in high-income
countries, the number of patients suffering from CVD
has surged in low- and mid-income countries [2]. It is
estimated that 23.6 million people will die of CVD every
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year by 2030 [3]. CVD brings increasing burdens to indi-
viduals, families and health care systems. Atherosclerosis
is a nosogenesis of CVD. Atherosclerotic plaque rupture
is closely related to cardiovascular events. Identifying
atherosclerosis and restricting plaque progression can
help reduce the likelihood of plaque rupture and myocar-
dial infarction [4].

Recently, some studies have found that proteinuria
is associated with diabetes mellitus and CVD all-cause
mortality [5-7]. Microalbuminuria has been proven to
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be associated with all-cause mortality in developed coun-
tries [8, 9]. Therefore, simple and noninvasive dipstick
proteinuria testing may potentially reveal atherosclero-
sis. Approximately 80% of global deaths caused by CVD
occur in mid- and low-income countries. Nearly 4 billion
individuals lived in moderate poverty with a daily income
of fewer than 5 dollars. Dipstick proteinuria testing is
cost-effective, especially for developing countries without
sufficient health resources [10].

The correlation between proteinuria and carotid ath-
erosclerosis is not clear. Previous studies focused on the
correlation between proteinuria and death in terms of
mortality, showing that there is still a disparity in mortal-
ity after correcting for hypertension and diabetes melli-
tus [11-13]. However, these studies have not mentioned
atherosclerosis; some authors even deny the correlation
between proteinuria and carotid atherosclerosis [14].
In addition, the relationship between proteinuria and
carotid atherosclerosis has not been confirmed in enough
samples. The study aimed to determine the correlation
between atherosclerosis and proteinuria values in routine
urine tests via dipstick proteinuria testing, identify a new
reliable predictor to screen out atherosclerosis against
death caused by CVD, and establish a new risk prediction
model of atherosclerosis.

Methods

The subjects were 13,454 asymptomatic populations tak-
ing dipstick proteinuria testing and carotid atheroscle-
rosis in four of the top three large-scale hospitals (The
General Hospital of the Southern Theatre Command,
PLA, the First Affiliated Hospital of Guangdong Pharma-
ceutical University, the Subei People’s Hospital and the
First Affiliated Hospital of Chengdu Medical College) in
China from January 2016 to September 2020. Subjects
with the following conditions were excluded: (1) a lack
of valid information; (2) age<18 or>80 years; (3) BMI
value<16.00 or>40.00 kg/m?% (4) systolic blood pres-
sure<80 or>200 mmHg, diastolic blood pressure <45
or>120 mmHg and pulse pressure<20 or>100 mmHg;
(5) subjects with systemic lupus erythematosus, thyroid
disease, autoimmune disease, nephritis, nephrotic syn-
drome, renal insufficiency(eGFR<60 ml/min/1.73 m?,
the eGFR value was calculated according to the MDRD
formula), congestive heart failure, malignant tumour,
severe organic disease. The total number of subjects was
7405, including 4875 males and 2530 females. The proce-
dure of subject selection process is shown in Fig. 1.

Atherosclerosis testing

The carotid atherosclerosis examination of the subjects’
common carotid arteries, carotid sinus, and carotid
internal and external arteries was performed by senior
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sonographers with an HA-500 colour ultrasound instru-
ment (HITACHI, Japan). According to the recommen-
dations of the American Society of Echocardiography
Recommendation, if CIMT was under 0.8 mm without
plaques, the carotid artery was proven to be normal; if
CIMT was above or equal to 0.8 mm without plaques,
CIMT was considered to be increased, and plaque was
considered a focal thickening that encroached into the
lumen by 0.5 mm or by 50% of the surrounding intimal-
medial thickness or where CIMT was > 1.5 mm [15]. Each
subject was tested two times, and the data were taken as
an average [16].

Proteinuria testing

Professional laboratory physicians used AUTION Sticks
10EA urine analysis paper (ARKRAY, Japan) to analyse
fresh urine samples and then used an AUTION AX-4030
urine analyser (ARKRAY, Japan) to interpret the test
strip at 60 s. The results of dipstick proteinuria testing
were grouped by negative <15 mg/dL, “+”>15 mg/dL,
“14”7>30 mg/dL, “24+”>100 mg/dL, “34+”>300 mg/
dL and “4+7”>1000 mg/dL. The “ negative” was con-
sidered to be without proteinuria, “+” and “ 1+” mild
proteinuria, “ 247, “ 3+” and “ 44 ” severe proteinuria.
To avoid the influence of eating and drinking, we selected
the morning urine of the subjects to detect proteinuria.

Laboratory examination

Fasting blood samples were taken from each subject’s
antecubital vein by professional nursing staff; blood
lipids, blood glucose and creatinine were measured by
professional clinical physicians via Cobas ¢ 702 AERO-
SET (Roche, Germany). If TGs were above 2.30 mmol/L,
total cholesterol was above 6.20 mmol/L, LDL was above
4.10 mmol/L or HDL was under 1.00 mmol/L, the sub-
ject was considered to have hyperlipemia. If fasting blood
glucose was above 7.0 mmol/L, a subject took hypogly-
caemic agents or had a history of diabetes mellitus, he
was considered to have diabetes mellitus [17].

Collection of other clinical data

The height and weight without shoes and with light
clothes of each subject was measured by trained profes-
sional medical staff. The BMI value equaled the weight
value (kg) divided by the square root of the height value
(m). The blood pressure of each subject was measured by
trained medical staff via an electronic sphygmomanom-
eter. Before testing, each subject rested for at least 15 min
in a chair on their backs. The measurements were taken
three times, and the data were taken as an average. The
pulse pressure equaled the SBP minus the DBP. If the SBP
was above 130 mmHg or the DBP was above 80 mmHg,
the subject took hypertensive drugs or had a history of
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Fig. 1 The flow of participants from screening

N

hypertension, he was considered to have hypertension
[18].

Statistical analysis
Categorical variables are represented by percentages
(%), the comparison of which was performed by the

Chi-square test. Quantitative variables are represented
by the mean value=standard deviation, the compari-
son analysis of which was performed by the independ-
ent sample Student’s t test. The analysis of the correlation
between proteinuria and carotid atherosclerosis was eval-
uated by the Chi-square test. The multivariate logistic
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regression model was used to estimate the adjusted OR.
A cross-sectional study of a simple survey group was car-
ried out to confirm the correlation between proteinuria
and carotid atherosclerosis. All statistical analyses were
performed using SPSS 26.0 (IBM, U.S.). If p<0.05, the
difference was statistically significant.

Results

The original subjects were 13,545 patients from four cen-
tres. Of them, 7,405 with adequate baseline data were
defined as the sample. They were aged 18—80 years (aver-
age age: 49.15+10.24 years) and included 4875 males
(65.8%) and 2530 females (34.2%). The age distribution of
men and women is shown in Fig. 2. Most of the female
subjects were 35—65 years old, whereas the male subjects

Page 4 of 10

were 35—-60 years old. The overall age of the female sub-
jects was older than that of the male subjects. The prev-
alence of carotid atherosclerotic plaque in males was
higher than that in females (26.4% vs. 17.2%, x*=79.81,
p<0.05).

The proportion of proteinuria and carotid atheroscle-
rosis in the population. A total of 1,215 subjects with
proteinuria accounted for 16.4%, including 1,124 with
mild proteinuria and 91 with severe proteinuria. Accord-
ing to carotid atherosclerosis in the carotid colour ultra-
sonography examination (CIMT > 1.5 mm or the form
of plaques), subjects were classified into two groups: the
group without carotid atherosclerosis (n =5684, account-
ing for 76.7%) and the group with carotid atherosclero-
sis (n=1721, accounting for 23.2%). The group without
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carotid atherosclerosis was further classified into the
subgroup with normal carotid atherosclerosis (n=4768)
and the CIMT subgroup (n=916).

The comparison of baseline data between the carotid
plaque group and the group without carotid plaque is
shown in Table 1. The proteinuria rate, age, male propor-
tion, BMI, SBP, DBP, pulse pressure, prevalence of hyper-
tension, prevalence of diabetes, fasting blood glucose,
triglyceride, total cholesterol, low-density lipoprotein and
creatinine in the carotid plaque group were significantly
higher than those in the group without carotid plaque,
whereas high-density lipoprotein was lower than that in
the group without carotid plaque.

The prevalence rate of carotid atherosclerosis was
higher in proteinuria populations. Compared with pro-
teinuria-negative subjects, proteinuria-positive subjects
had a higher prevalence rate of carotid atherosclerosis.
The disparity was statistically significant (22.6% vs. 26.7%,
x*=10.03, p=0.002) (Table 1). An analysis of subgroups
was performed. As shown in the percentage bar diagram
between proteinuria level and carotid atherosclerosis
level, the carotid atherosclerosis level increased as the
proteinuria level increased (as shown in Fig. 3). Their cor-
relation, which was evaluated by the the chi-square test,
showed that the linear regression component was statis-
tically significant (x*>=16.30, p <0.001). The coefficient of
rank correlation was 0.012 (p<0.001), showing that the
carotid atherosclerosis level increased as the proteinuria
level increased.
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Multivariate logistic regression
Proteinuria independently correlated with carotid ath-
erosclerosis. After adjusting for factors via multivariate
logistic regression, including age, gender, BMI, blood
lipids, blood pressure, renal function, hypertension, dia-
betes mellitus and HLP, proteinuria was found to be an
independent risk factor for atherosclerosis. Patients with
proteinuria had a higher prevalence rate of atherosclero-
sis than patients without proteinuria (OR=1.194, 95% CI
1.018-1.401, p=0.029) (Table 3). The assignment of the
multivariate logistic regression is shown in Table 2.
According to the principle of multivariate logistic regres-
sion, we constructed the following new risk prediction

Table 1 Baseline characteristics of the participants with and without carotid atherosclerosis

Without carotid atherosclerosis (N=5684) With carotid plaque (N=1721) p value
Proteinuria, n (%) 888 (15.7%) 338 (18.9%) 0.002
Age (years) 470+94 564496 0.000
Male, n (%) 3588 (63.1%) 1287 (74.8%) 0.000
BMI (kg/m?) 24514329 2496+3.13 0.000
SBP (mmHg) 1189+158 1288+£17.7 0.000
DBP (mmHg) 734£114 713£11.7 0.000
Pulse pressure (mmHg) 456+99 5154129 0.000
Hypertension, n (%) 760 (13.4%) 508 (29.5%) 0.000
Diabetes mellitus, n (%) 357 (6.3%) 254 (14.8%) 0.000
Hyperlipidaemia, n (%) 1839 (32.4%) 698 (40.6%) 0.000
FBG (mmol/L) 5174125 575+£2.01 0.000
Triglycerides (mmol/L) 1.68+143 1.884+1.80 0.000
Total cholesterol (mmol/L) 5.0040.95 5244+1.10 0.000
LDL (mmol/L) 285+083 2994094 0.000
HDL (mmol/L) 1.37+£034 1.334+033 0.000
Creatinine (umol/L) 7497 +16.95 7869+ 18.02 0.000

Data are expressed as the mean =+ standard deviation or n (%), where appropriate. BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL

high-density lipoprotein, LDL low-density lipoprotein, FBG fasting blood glucose



Jiang et al. BMC Cardiovascular Disorders (2021) 21:554

model of carotid atherosclerotic plaque (P is the prediction
probability) (Table 3):
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for traditional risk factors, it was found that proteinu-
ria correlated with carotid atherosclerosis. Taking their

o —4848+0.177x+0.861xy+1.014x3-+0.43625+0.282%7+0.345x11 +0.212x15+0.326x14
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Table 2 Multivariate logistic regression assignment table

Table 3 The results of multivariate logistic regression analysis

Variable name Variable Assignment description

X Proteinuria=Negative 0=VYes, 1=No
X, Male 0=No, 1=VYes
X5 Age (years) 0= “<40” ,1= “<50
7, 2= <60,
3= “>60"
X, BMI< 24 kg/m? 0=VYes, 1=No
Xs SBP <130 mmHg 0=Yes, 1=No
Xs DBP <90 mmHg 0=Yes, 1=No
X; Pulse pressure <50 mmHg  0=Yes, 1=No
Xg Hypertension 0=No, 1 =VYes
Xq Diabetes mellitus 0=No, 1=VYes
X0 Hyperlipidaemia 0=No, 1=VYes
X1 FBG < 6.1 mmol/L 0=Yes, 1=No
X5 Triglycerides<2.3 mmol/L  0=Yes, 1=No
Xi3 Total choles- 0=Yes, 1=No
terol < 6.2 mmol/L
Xi4 LDL<4.1 mmol/L 0=Yes, 1=No
Xis HDL< 1.0 mmol/L 0=Yes, 1=No
Xi6 Creatinine < 106 umol/L 0=Yes, 1=No
Y Carotid plaque 0=Yes, 1=No

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure,
HDL high-density lipoprotein, LDL low-density lipoprotein, FBG fasting blood
glucose

X, =proteinuria, X,=sex, X;=age, X;=systolic blood
pressure, X,=pulse pressure, X;;=fasting blood glu-
cose, X;, =triglycerides, X;, =low-density lipoprotein.

In our study, the area under the ROC curve of the
newly established multivariate logistic regression model
for predicting the risk of carotid atherosclerotic plaque in
southern China was 0.776 (Fig. 4), and the sensitivity and
specificity of the model were 70.8% and 70.6%, respec-
tively. The Hosmer—Lemeshow test was used to test the
model, and the results showed that the model has high
goodness of fit and strong independent variable predic-
tion ability.

Discussion

The study was multicentric, cross-sectional and obser-
vational, with general populations as subjects. It aimed
to determine the correlation between proteinuria and
carotid atherosclerosis in the real world. After adjusting

Selected B SE Waldy> p Odds ratio
variable (95%Cl)
X4 0.177 0.081 4763 0029 1.194
(1.018-1.401)
X, 0.861 0.071 145973  0.000 2365
(2.057-2.720)
X3 1.014  0.038 696921 0.000 2.758
(2.558-2.973)
Xs 0436 0.086 25688 0.000 1547
(1.307-1.831)
X5 0282 0.070 16331 0.000 1.326
(1.156-1.520)
X 0.345 0.088 15460 0.000 1412
(1.189-1.677)
X1z 0212 0.076 7776 0005 1.237
(1.065-1.436)
Xia 0326 0.100 10.549 0.001 1.386
(1.138-1.687)
Constant — 4848 0.135 1296.849 0.000 0.008

X, proteinuria, X, sex, X5 age, X systolic blood pressure, X, pulse pressure, X;;
fasting blood glucose, X, triglycerides, X, , low-density lipoprotein

ROC curve

08

06

Sensitivity

04

0.0
0.0 02 04 06 08 1.0

1 -Sensitivity
Fig. 4 The ROC curve of the newly established multivariate logistic
regression model
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Fig. 5 Relationship between urinary protein and atherosclerosis

correlation and risk factors into consideration, the dis-
parity was statistically significant. As the proteinuria
level increased, the carotid atherosclerosis level increased
(Fig. 5). Thus, proteinuria might be an independent risk
factor for atherosclerosis.

Proteinuria has been considered a predictor of renal
lesions, and its correlation with atherosclerosis has not
been discussed [19]. Traditional risk factors have failed to
explain all the disparities in the prevalence rate of athero-
sclerosis, indicating that studies have to be carried out on
new risk factors. New risk factors have been mentioned
one after another by scholars, including sleep quality
[20], air pollution [21], socioeconomic status [22], Heli-
cobacter pylori infection [23] and visceral adipose tissue
volume [24], apart from traditional risk factors, such as
age, sex, hypertension, diabetes mellitus, smoking, BMI,
HLP, a lack of exercise and too much mental stress. The
proteinuria studied in this study might be a new risk fac-
tor for atherosclerosis.

Previous studies have mainly focused on the correla-
tion between proteinuria and the mortality of patients
with diabetes mellitus or CVD [11-13, 25]. Many clas-
sic studies have shown that among patients with diabetes
mellitus or CVD, proteinuria is correlated with all-cause
mortality. In recent years, Pesola and other scholars
have also found that proteinuria could serve as a pre-
dictor of all-cause mortality and CVD mortality, which
have nothing to do with sex. These studies, however,
have not explained how proteinuria affects mortality in
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a detailed manner or discussed the correlation between
proteinuria and atherosclerosis. A hypothesis put for-
ward by Steno showed that proteinuria indicated that
blood vessels at the glomerulus level of type 1 diabetic
patients have been injured [26], suggesting that athero-
sclerosis often occurred and that general atherosclerosis
increased the occurrence risk of all-cause mortality and
CVD mortality. Our study was carried out based on the
statistical analysis of large samples, including healthy and
subhealthy populations. The finding that proteinuria is
correlated with atherosclerosis to some extent verified
this hypothesis.

Minyoung and other scholars found that proteinuria
was not correlated with atherosclerosis according to a
cross-sectional study of 88 type 1 diabetic patients [14].
The result was the opposite, which might be caused by
a lack of sufficient samples. All the subjects were type 1
diabetic patients from the same centre. Therefore, there
were limitations related to the samples. The subjects in
our study were 7405 members of the general population
selected from 13,454 patients from multiple centres. The
prevalence rate between subjects with proteinuria and
subjects without proteinuria differed in the chi-square
test, which was statistically significant (22.6% vs. 26.7%,
x*=10.03, p=0.002), and the proteinuria levels had
a positive correlation with mortality of atherosclero-
sis via a linear trend test of subgroups in a bidirectional
and orderly way, which showed that the occurrence
risk of atherosclerosis increased as the proteinuria level
increased (x*=16.30, p<0.001), with a coefficient of
rank correlation of 0.012 (p<0.001). After adjusting for
factors such as age, sex, BMI, blood lipids, blood pres-
sure, renal function, hypertension, diabetes mellitus and
hyperlipemia, proteinuria was found to be independently
correlated with atherosclerosis (OR=1.190, 95% CI
1.015-1.397, p=0.033).

Certain former cross-sectional studies with large sam-
ples (n=3312) have shownthat among patients with
hypertension or diabetes mellitus, microalbuminuria has
something to do with subclinical atherosclerosis [27].
Among patients without clinical CVD, hypertension and
diabetes mellitus, microalbuminuria had nothing to do
with subclinical atherosclerosis, which was in accord-
ance with our study. Subjects in that study, however, were
comparatively older (age>65), failing to represent the
general population. In addition, populations aged above
65 had a higher prevalence rate of atherosclerosis, which
would cover proteinuria’s impact on carotid atherosclero-
sis. In addition, that study failed to include all factors in
the regression model, which might have caused errors.
Finally, the predictors of that study were microalbumi-
nuria (30-300 pg albumin/mg creatinine) and subclinical
atherosclerosis (defined as increased carotid intima-media
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thickness, decreased ankle-brachial index or increased left
ventricular weight). In our study, we used dipstick pro-
teinuria testing and carotid atherosclerosis examination.
Therefore, our predictors were comparatively defined.
More importantly, our study subjects made up large sam-
ples (n=7405), with the general population aged 18-90.
We identified all the possible risk factors related to carotid
atherosclerosis to determine the correlation between pro-
teinuria and carotid atherosclerosis.

Most of the risk prediction models of atherosclero-
sis reported at present are single-centre risk prediction
models. The newly established risk prediction model in
our study was based on multicentre data and was appli-
cable to a wider range of people. In our study, a new indi-
cator of proteinuria was included, and a risk prediction
model for atherosclerosis was established by multifactor
logistic regression. Among the 16 clinical risk factors
studied, seven factors were included in the model, includ-
ing proteinuria, age, sex, pulse pressure, hypertension,
triglycerides and low-density lipoprotein, which are com-
mon and easily accessible indicators. Theoretically, the
atherosclerosis risk prediction model established in our
study was more applicable than the models established in
other single-centre studies.

Although our study has a multicenter design, all the 4
centers were located in a limited geographic area (South-
ern China). However, the prevalence of dyslipidemia and
other risk factors in this Asian population was similar
to that reported in large contemporary trials and real-
world registries including other ethnicities. The former
assessed the relationship between different antiplatelet
therapy regimens and patients’ characteristics [28]. The
latter described recent demographics and therapeutic
changes in the Italian acute coronary syndromes popu-
lation [29]. This was relevant and potentially supports
the generalizability of the our results to patients of other
regions/countries.

Some indices in routine examination may also have
certain value in the prediction and prognosis of cardio-
vascular disease. Recent studies have found that haemo-
globin is independently associated with mortality from
CVD. Leonardi and his team used multivariate Cox
regression to find that among patients with ACS man-
aged invasively, an in-hospital haemoglobin drop > 3 g/dl,
even in the absence of overt bleeding, is common and is
independently associated with an increased risk of 1-year
mortality [30]. In addition, the Academic Research Con-
sortium (ARC) for High Bleeding Risk (HBR) proposed
clinical and biochemical criteria for High Bleeding Risk
(HBR) for the identification of HBR patients. After veri-
fication, it was found that all major and the majority of
the minor ARC-HBR criteria were identified in isolation
patients at HBR [31].
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Our study had obvious advantages. First, this was the
first study on the correlation between dipstick proteinu-
ria testing and the risk of carotid atherosclerosis. Second,
the study was a multicentre study with members of the
general population in large samples, which strength-
ened the reliability of the correlation between proteinu-
ria and carotid atherosclerosis. Third, the predictors in
this study were absolutely defined, such as proteinuria
“negative,£,14,>2+" and carotid atherosclerosis.
Although dipstick proteinuria testing had certain chance
factors, proteinuria was still positively correlated with
carotid atherosclerosis, which strengthened the reli-
ability of the evidence. Fourth, the correlation between
proteinuria and atherosclerosis provided a cost-effective
screening predictor for CVD prevention from death to
atherosclerosis.

The study also had certain limitations. First, compared
with cohort studies, the causal relationship provided by
cross-sectional studies was comparatively weak. Second,
a history of smoking was not included in our study data,
which might have affected the accuracy of the results. In
the first stage of the study, a history of smoking did not
serve as a factor because Chinese people were not clear
about definitions of smoking, secondhand smoking,
public areas and so on [32]. Third, the optimal urine test
was to collect 24-h urine, which was hard to carry out.
Therefore, the advantage was converted into a disadvan-
tage. Although the revealed and unrevealed groups had
approximate values, it was found that there was a dispar-
ity in the prevalence rate of carotid atherosclerosis, which
was undoubtedly and obviously underestimated. Finally,
proteinuria increased the occurrence risk of atheroscle-
rosis, which needs to be confirmed by further study. Our
study could provide certain evidence to some extent.

Based on the discovery from our study, the screening of
the risk factor proteinuria promotes CVD prevention of
death due to atherosclerosis, especially during the period
of COVID-19. Currently, CVD brings increasing bur-
dens to the whole medical system. In addition, during the
period of COVID-19, patients with CVD are especially
weak [33, 34]. Although proteinuria has been proven to
be related to all-cause mortality, focus on death cannot
effectively help CVD prevention. Attention must be paid
to risk factors for CVD, which can lower the prevalence
rate of CVD and reduce social and medical burdens [35].
In our study, proteinuria was found to be a risk factor
for atherosclerosis, and dipstick proteinuria testing was
cost-effective and could serve as the optimal method of
disease testing and treatment in undeveloped countries.
Especially during the period of COVID-19, patients
only have to send their urine samples to the hospital,
which is the biggest advantage of this method compared
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with other high-cost testing methods in other medical
institutions.

Conclusions

As mentioned above, our study shows that proteinuria
independently correlates with atherosclerosis. Taking
their correlation and risk factors into consideration,
the disparity is statistically significant. As the proteinu-
ria level increases, the atherosclerosis level increases.
Based on the results of the study, it is advisable to pay
much attention to atherosclerosis screening in patients
to promote CVD prevention. From a public health
standpoint, our study shows that dipsticks are cost-
effective and time-saving (the testing time is within
1 min), which can be the optimal method of disease
diagnosis and treatment. Even in the period of COVID-
19, it plays a role in screening out the risk factors for
CVD. In this study, the newly established multivariate
logistic regression model for predicting the risk of ath-
erosclerosis had a high goodness of fit and strong abil-
ity to predict independent variables, so it has a certain
clinical value.
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