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Relationship between high-normal albuminuria and arterial
stiffness in Chinese population
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Abstract

High-normal albuminuria is related to the morbidity and mortality of cardiovascu-
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lar disease. Arterial stiffness has been regarded as a predictor of cardiovascular
disease. However, the relationship between high-normal albuminuria and arterial
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stiffness is uncertain in Chinese population. A total of 1343 Chinese participants
(aged 58.9 + 12.1 years, 63.53% male) were included in this study. High-normal al-

buminuria was defined as urinary albumin-to-creatinine ratio (UACR) above the me-
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dian within normal albuminuria. Based on the level of UACR, all participants were
divided into low-normal albuminuria group (UACR < 6.36 mg/g, n = 580), high-nor-
mal albuminuria group (6.36 mg/g < UACR < 30 mg/g, n = 581), microalbuminuria
(30 mg/g < UACR < 300 mg/g, n = 162), and macroalbuminuria (UACR = 300 mg/g,
n = 20). Arterial stiffness was assessed by measuring carotid-femoral pulse wave
velocity (cfPWV). With the increment of UACR, the level of cfPWV was increased

gradually (P < .001). Stepwise multiple regression analysis showed that systolic blood
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pressure, age, serum creatinine, heart rate, logarithmic (LG)-transformed UACR, and
fasting plasma glucose were independently associated with cfPWYV in all subjects
(P < .001). LG-UACR was found to be related to cfPWYV in high-normal albuminuria
and macroalbuminuria subjects. After further stratification in the high-normal albu-
minuria subjects, their relation remained in male, elderly over 65 years old, or nor-
motensives. In summary, UACR is associated with arterial stiffness in subjects with
proteinuria excretion in high normal level. High-normal albuminuria might be an early
indicator of arterial stiffness, especially in male, elderly, or normotensives in Chinese
population. Furthermore, age and blood pressure are still observed to be the most

important risk factor of arterial stiffness.

1 | INTRODUCTION

microvascular injuries, but also reflects widespread vascular dam-

age.5 Actually, endothelial injury occurs at the same time in both

Microalbuminuria, a hazard factor of cardiovascular events in

13 s defined

hypertensives, diabetics, and general population,
as urinary albumin-to-creatinine ratio (UACR) between 30 and
300 mg/g.* It is generally believed that microalbuminuria is not

only an indicator of glomerular endothelial damage representing

large and small arteries. Arterial wall consists of endothelium,
smooth muscle cells, adventitia fibroblasts, and extracellular ma-
trix. Recently, high-normal albuminuria, a higher degree of albu-
minuria below the diagnostic threshold for microalbuminuria, was

found to be related with adverse cardiovascular events, which can
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predict the morbidity and mortality of cardiovascular diseases.”®

Albuminuria is the earliest manifestation of vascular damage, and
it is also presented throughout this pathological process.> While
the earliest pathological change of arterial stiffness is vascular en-
dothelial injury,’ arterial stiffness goes simultaneously reflecting
structural changes of large arteries.'® Therefore, it is reasonable to
assume that there is a connection between high-normal albumin-
uria and arterial stiffness. However, the potential mechanisms by
the effect of high-normal albuminuria on cardiovascular diseases
remain unclear.

Arterial stiffness is a significant index for rigidity of the arteries.
Increased arterial stiffness is regarded as a predictor of cardiovascu-
lar diseases, including myocardial infarction, unstable angina pecto-
ris, heart failure, and strokes.!! Arterial stiffness may be assessed by
measuring carotid-femoral pulse wave velocity (cfPWV) and brachi-
al-ankle pulse wave velocity (baPWV). Compared with widely used
baPWYV, cfPWYV has been recognized as a golden standard of arterial
stiffness measurements.'?

In recent years, the association between high-normal albumin-
uria and arterial stiffness has been investigated in several studies,
and most studies have reported an independent positive association
between them.'®'* However, existing studies showed controversial
results,'® which suggested that arterial stiffness was independently
related to urinary albumin excretion in African men, and this asso-
ciation was not found in Caucasian men. This inconsistency may be
attributed to ethnic variation and the method for assessing arterial
stiffness. Hence, it is necessary to investigate and have a deep look
into this relationship in Chinese population. In China, the indepen-
dent association between arterial stiffness assessed by baPWV and
high-normal albuminuria has been investigated in type 2 diabetics.®®
To our knowledge, no research has been reported to investigate this
association using cfPWV in the general Chinese population. The
objective of present study was to investigate whether there was a
link between high-normal albuminuria and cfPWYV in the population

from China.

2 | METHODS
2.1 | Statement of ethics

Our study was in accordance with the ethical standards formu-
lated in the Helsinki Declaration, and the protocol was approved by
Ethics Committee of the First Affiliated Hospital of Fujian Medical
University. Informed consent was obtained from all subjects

involved.

2.2 | Subjects

This paper was a cross-sectional clinical study. The protocol for in-
vestigation was established before clinical data collection, and it was

performed by well-trained physicians. The outpatients or inpatients
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FIGURE 1 Participant screening for final analysis

who visited the department of General Medicine and Geriatrics in
the First Affiliated Hospital of Fujian Medical University were in-
cluded from January 2016 to March 2018. Exclusion criteria included
the following: (a) secondary hypertension; (b) coronary heart disease
and stroke within 3 months; (c) acute infection or other inflamma-
tory diseases; (d) serum creatinine >2.5 mg/dL; (e) the level of ami-
notransferase and bilirubin > 3 times the upper limit of the normal; (f)
congestive heart failure, severe arrhythmia, ischemic heart disease,
hypertrophic cardiomyopathy, valvular heart diseases, restrictive
cardiomyopathy; (g) chronic consumptive diseases and malignant
tumors; and (h) connective tissue diseases.

In this study, 2106 subjects were screened, of which 252 sub-
jects were excluded according to the exclusion criteria, and 511 sub-
jects were further removed due to missing UACR data. Finally, a total

of 1343 participants were included and analyzed (Figure 1).

2.3 | Clinical data collection

General information, physical examination data, and laboratory as-
says were collected. Subjects were interviewed regarding their age,
gender, smoking habits, hypertension, and diabetes history. Body
weight and height were measured, and body mass index (BMI) was
calculated as the ratio of the bodyweight (kg) to the square of height
(m?). Current smoking was defined as consuming no less than one
cigarette everyday for at least six months. Hypertension was defined
as systolic blood pressure (SBP) 2140 mm Hg and/or diastolic blood
pressure (DBP) 290 mm Hg, and/or taking antihypertensive medica-
tions.'® Diabetes was diagnosed on the basis of the standard rec-
ommended by the American Diabetes Association in 2014.%” Blood
pressure and heart rate was measured using automated sphyg-
momanometer (HEM-7052; Omron, Kyoto, Japan). Blood sample for
laboratory assays was taken after an eight-hour overnight fasting.
Serum biochemistry criteria such as blood urea nitrogen (BUN) and
creatinine (CREA) were examined by enzymatic method using auto-
matic biochemistry analyzer (ADVIA 2400; Siemens, Germany), and
uric acid (UA), fasting plasma glucose (FPG), total cholesterol (TC),
triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), and
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low-density lipoprotein-cholesterol (LDL-C) were measured by oxi-
dase method using automatic biochemistry analyzer (ADVIA 2400;
Siemens, Germany). Estimated glomerular filtration rate (eGFR) was
calculated by experimental equation: estimated GFR (eGFR) mL/
min-1.73 m? = 186 x (serum creatinine [mmol/L] x0.0113)™ %% x
(Age) 2% (x0.742 for female). Glycosylated hemoglobin (HbA1c)
was determined by high-performance liquid chromatography (HPLC)
using automatic analyzer (VARIANTTM-II; Bio-Rad, USA). First
voiding point urine samples in the early morning were collected,
and urinary albumin and creatine were detected within two hours.
Urinary creatine concentration was detected by colorimetry assay
(Boehringer Mannheim/Hitachi 717 analyzer, Germany), and urinary
albumin was determined by immunoturbidimetry method (Roche
P800 automatic analyzer, USA). The value of UACR was obtained
by calculating the ratio of urinary albumin (mg) to urinary creatine
(g). The normal albuminuria was defined as UACR < 30 mg/g, mi-
croalbuminuria 30 mg/g < UACR<300 mg/g, and macroalbuminuria
UACR 2 300 mg/g. Normal albuminuria was further classified based
on the median of UACR, and the level above the median was de-
fined as high-normal albuminuria. All subjects were divided into four
groups: low-normal albuminuria, high-normal albuminuria, microal-

buminuria, and macroalbuminuria.

2.4 | cfPWV measurements

cfPWV was measured using an automatic atherosclerosis and cardiac
function detection system (Complior Analysis, France), as described
previously by our team®1?. Briefly, subjects were asked to lay down
on an examination table in the supine position after 10 minutes rest.
The mean of two measurements was adopted for each subject. If
the deviation between the first two measurements was >0.5 m/s,
another measurement was performed, and the mean value of three
measurements was adopted. The value of cfPWV (m/s) was ob-
tained by calculating the ratio of carotid-femoral transmit distance
(m) to transmit time (s). The linear distance between right carotid
artery and right femoral artery was measured by an inelastic tape.
According to the recent expert consensus,'? carotid-femoral dis-
tance was calculated by the equation: d = 0.8 x (surface tape length),
while the time (t) referred to the pulse transit time which was auto-
matically measured by the device. Each measurement was repeated

no less than 10 cardiac cycles.

2.5 | Statistical analysis

Gaussian distribution test and homogeneity test of variance were
carried out for continuous variables. And continuous variables were
presented as mean + standard deviation for Gaussian distribu-
tion or median and interquartile distance for skewed distribution.
Categorical variables were presented as percentages and absolute
values. One-way ANOVA or chi-squared test was performed to com-

pare the differences between the clinical characteristics of multiple

groups. Associations between cfPWV levels and anthropometric
data, blood pressure, heart rate, and laboratory parameters were
assessed by Pearson correlation analysis. The stepwise multivariate
linear regression analysis was used to determine the independent
variables related to cfPWV. Statistical significance was defined as
two-side P < .05. Our data were analyzed by SPSS 20.0 statistical
software package (NY, USA).

3 | RESULTS
3.1 | Clinical characteristics of the subjects

A total of 1343 subjects were analyzed in current research (aged
58.9 + 12.1 years, male 61.36%, hypertension 65.82%, diabetes
29.41%), 1161 of whom showed normal albuminuria (86.45%), 162 mi-
croalbuminuria (12.06%), and only 20 macroalbuminuria (1.49%). The
level of albuminuria below median and above median within the nor-
mal albuminuria ranged from O to 6.35 mg/g and from 6.36 to 30 mg/g.
Clinical and biochemical data of all participants were presented in
Table 1. Age, systolic blood pressure, cfPWYV, fasting plasma glucose,
glycosylated hemoglobin, and UACR of subjects with high-normal
albuminuria were higher, and uric acid and creatinine were lower
than those with low-normal albuminuria. cfPWV was significantly
increased with the increment of UACR (8.99 + 1.81, 9.38 + 2.03,
10.09 + 2.33, 12.58 + 4.44 m/s, P < .001) (Figure 2). There was no
significant difference in body mass index, diastolic blood pressure,
heart rate, total cholesterol, triglycerides, high-density lipoprotein-

cholesterol, and low-density lipoprotein-cholesterol among groups.

3.2 | Correlations between cfPWYV and
clinical profile

Pearson's correlation analysis showed that gender, age, body mass
index, systolic blood pressure, diastolic blood pressure, heart rate,
blood urea nitrogen, creatinine, uric acid, fasting plasma glucose,
total cholesterol, high-density lipoprotein-cholesterol, glomerular
filtration rate, glycosylated hemoglobin, and LG-UACR were signifi-
cantly correlated with cfPWYV in all subjects (Table 2). As shown in
Figure 3, LG-UACR level and creatinine (r = .214, p < .001) had a sig-
nificantly mild positive correlation with cfPWV (r = .261, P < .001),
while age (r = .486, P < .001), systolic blood pressure (r = .497,
P <.001) moderately correlated with cfPWYV, diastolic blood pressure
(r=.067, P =.017), body mass index (r = .061, P = .031), heart rate
(r=.092, P=.001), blood urea nitrogen (r =.186, P < .001), uric acid
(r=.091, P < .001), fasting plasma glucose (r = .147, P < .001), and
glycosylated hemoglobin (r = .198, P < .001) were only slightly posi-
tively correlated with cfPWV. However, total cholesterol (r = -.087,
P =.002), high-density lipoprotein-cholesterol (r = -.102, P < .001),
and glomerular filtration rate (r = -.254, P < .001) were mildly nega-
tively correlated with cfPWV, and female gender (r = -.087, P =.002)

seemed a protective factor for increased arterial stiffness.



YE ET AL.

TABLE 1 Clinical characteristics of all subjects with different levels of albuminuria

Normal albuminuria (UACR <30 mg/g)

Low-normal albuminuria High-normalalbuminuria Microalbuminuria (UACR > 30 mg/g,

Macroalbuminuria

WILEY-—”

Variables (0-6.35 mg/g) (6.36-30 mg/g)
N 580 581

Male, n(%) 416 (71.72%) 298 (51.29%)
Age, years 57.81 + 11.09 59.81 + 11.96
BMI, kg/m2 24.66 +2.95 24.69 + 3.04
Smoking, n(%) 198 (34.14%) 144 (24.78%)
Hypertension, n(%) 326 (56.21%) 401 (69.02%)
Diabetes, n(%) 146 (25.17%) 179 (30.81%)
SBP, mmHg 126.4 + 14.83 133.6 + 18.49°
DBP, mmHg 73.12+10.43 73.5+14.94
HR, bpm 66.29 +10.71 66.65 + 11.95
cfPWV, m/s 8.99 +1.81 9.38 +2.03"
BUN, mmol/L 5.29 +1.29 5.29 +1.37
UA, pmol/L 377.89 + 85.62 357.96 + 94.81°
CREA, pmol/L 69.49 + 13.52 64.99 + 16.29°
FPG, mmol/L 5.6 +1.46 6.04 +2.02°
TC, mmol/L 473 +1.14 478 + 1.06
TG, mmol/L 1.29(0.91-1.77) 1.3(0.96-1.8)
HDL-C, mmol/L 1.24 +0.38 1.26 +0.34
LDL-C, mmol/L 297 +0.98 298 +0.99
GFR, mL/min 110.78 + 25.59 109.43 + 25.22
HbAlc, % 597+1.2 6.19 +1.35°
UACR, mg/g 4.4 (3.38-5.21) 11.09 (8.06-16.16)°

Note: Data are expressed as means + SD or median (25th-75th).

but < 300 mg/g) UACR 2 300 mg/g) P value
162 20

99 (61.11%) 11(55%) <.001
59.93 + 13.14 60.53 + 19.18 017
25.15 + 3.26° 23.73+29 .202
53 (32.72%) 4 (20%) .003
138 (85.19%) 19 (95%) <.001
58 (35.8%) 12 (60%) <.001
143.16 + 19.49° 157.53 + 24.18° <.001
74.41 + 20.35 80.71 + 10.88 277
68.94 + 13.65° 66.38 + 10.77 198
10.09 + 2.33° 12.58 + 4.44° <.001
5.62 + 1.45° 7.46 + 5.88° <.001
358.48 + 110.68 408.55 + 101.04°  <.001
6891+ 19.18° 91.44 + 40.39° <.001
6.58 +2.51° 6.04 +1.86 <.001
4.6 +1.05 497 +1.81 .528
1.36 (0.98-1.78) 1.23(1.08-1.82) .551
1.22 +0.34 1.31 +0.44 844
2.89 +0.95 3.09 +1.39 846
103.52 + 24.73° 80.57 +26.08° <.001
6.53 + 1.56° 7.41 + 2.31° <.001
52.64 (37.7-89.31)° 744.81 <.001

(457.06-2189.25)*

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; cfPWYV, carotid-femoral pulse wave velocity; CREA, creatinine; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; GFR, glomerular filtration rate; HbA1lc, glycosylated hemoglobin; HDL-C, high-density lipoprotein-cholesterol;
HR, heart rate; LDL-C, low-density lipoprotein-cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid; UACR,

urinary albumin-to-creatinine ratio.
4P < .05 vs low-normal albuminuria group.
PP < .05 vs high-normal albuminuria group.
P < .05 vs microalbuminuria group.

3.3 | Stepwise multivariate linear regression
analysis of cfPWV

In order to correct the influences of confounding variables on
cfPWYV, stepwise multivariate linear regression analysis was per-
formed to determine the independent variables related to cfPWV.
As shown in Table 2, systolic blood pressure (p = 0.342, P < .001),
age (#=0.392, P <.001), creatinine (f = 0.154, P < .001), heart rate
(p = 0.117, P < .001), LG-UACR (p = 0.098, P < .001), and fasting
plasma glucose (p = 0.084, P < .001) were observed to be associ-
ated independently with cfPWYV in all subjects. In the low-normal
albuminuria group, age (# = 0.386, P < .001), systolic blood pres-
sure (= 0.268, P < .001), heart rate (8 = 0.179, P < .001), uric acid

(#=0.100, P =.006), and fasting plasma glucose (= 0.081, P =.027)
had the independent relationship with cfPWV. In the high-normal al-
buminuria group, systolic blood pressure ( = 0.382, P < .001), age
(p=0.421, P < .001), female gender (f=-0.097, P = .012), LG-UACR
(p = 0.093, P = .008), uric acid (g = 0.107, P = .006), and fasting
plasma glucose (= 0.095, P = .007) were independently associated
with cfPWV. In the microalbuminuria group, age (= 0.482, P <.001)
and systolic blood pressure (f = 0.420, P < .001) were independent
related variables affecting cfPWV. In the macroalbuminuria group,
age (p = 0.652, P < .001) and LG-UACR (s = 0.485, P = .002) cor-
related independently with cfPWYV (Table 3). After further stratifica-
tion in the high-normal albuminuria group according to gender, age,

the presence of hypertension or diabetes, a significant correlation
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FIGURE 2 The comparison of carotid-femoral pulse wave
velocity (cfPWV) among subjects with different urinary albumin-
to-creatinine ratio (UACR) groups. cfPWYV increased progressively
with the increase of UACR. p < .05 vs low-normal albuminuria,

bp < .05 vs high-normal albuminuria, “p < .05 vs microalbuminuria

TABLE 2 Pearson correlation and stepwise multivariate linear
regression analysis of clinical profile and cfPWYV in all subjects

Stepwise multivariate

Pearson Correlation linear regression

Variables r P Value B (SE) P value
Gender (male:0; -.087 .002 - -
female:1)

Age 486 <.001 0.392(0.004) <.001
BMI .061 .031 - -

SBP 497 <.001 0.342(0.003)  <.001
DBP .067 .017 - -

HR .092 .001 0.117 (0.004) <.001
BUN .186 <.001 - -
CREA 214 <.001 0.154 (0.003) <.001
UA .091 .001 - -

FPG 147 <.001 0.084 (0.026) <.001
TC -.087 .002 - -
HDL-C -.102 <.001 > -

GFR -.254 <.001 - -
HbA1c .198 <.001 - -
LG-UACR 261 <.001 0.098 (0.106) <.001

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; CREA,
creatinine; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
GFR, glomerular filtration rate; HbA1lc, glycosylated hemoglobin;
HDL-C, high-density lipoprotein-cholesterol; HR, heart rate; LG-UACR,
logarithmic transformed urinary albumin-to-creatinine ratio; SBP,
systolic blood pressure; TC, total cholesterol; UA, uric acid.

between LG-UACR and cfPWV was revealed in male ( = 0.141,
P = .004), subjects over 65 years (= 0.151, P = .009) or normoten-
sives (f = 0.149, P = .019), and this association was not observed in

either diabetics or non-diabetics (Table 4).

20 1=0.261
P<0.001 "
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15007
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00 100 200 300 400
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FIGURE 3 Correlation of LG-UACR with cfPWYV in a scatter plot
(n=1343)

TABLE 3 Stepwise multivariate linear regression analysis of
cfPWV in different levels of UACR

Subgroups (N) Variables B (SE) Calue
Low-normal albuminuria Age 0.386 (0.006) <.001
(580) SBP 0.268 (0.005) <.001
HR 0.179 (0.006) <.001
UA 0.100 (0.001) .006
FPG 0.081 (0.045) .027
High-normal albuminuria SBP 0.382 (0.004) <.001
(581) Age 0.421 (0.006) <.001
Gender -0.097 (0.157) .012
LG-UACR 0.093(0.391) .008
UA 0.107 (0.001) .006
FPG 0.095 (0.036) .007
Microalbuminuria Age 0.482(0.011) <.001
(162) SBP 0.420 (0.008) <.001
Macroalbuminuria Age 0.652 (0.029) <.001
(20) LG-UACR 0.485 (1.501) .002

Abbreviations: FPG, fasting plasma glucose; HR, heart rate; LG-UACR,
logarithmic transformed urinary albumin-to-creatinine ratio; SBP,
systolic blood pressure; UA, uric acid.

4 | DISCUSSION

In the present study, high-normal albuminuria was observed to be
associated with cfPWV in the population from China. With the in-
creasing of UACR, the level of cfPWV was increased gradually. In ad-
dition, systolic blood pressure, age, creatinine, heart rate, LG-UACR,
and fasting plasma glucose correlated independently with cfPWV in
all subjects. After further stratification, it was found that LG-UACR
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TABLE 4 Stepwise multivariate linear regression analysis with
cfPWYV as a dependent variable and LG-UACR as an independent
variable in high-normal albuminuria group stratified by gender, age
and presence of hypertension or diabetes

Subgroups (N) B (SE) value

Gender

Male (298) 0.141 (0.546) .004
Female (283) - -
Age

<65(391) - -
265 (190) 0.151 (0.732) .009
Hypertension

No (180) 0.149 (0.606) .019
Yes (401) - -
Diabetes

No (402) - -
Yes (179) - -

also correlated independently with cfPWV in high-normal albuminu-
ria group, especially in male, the elderly, or normotensives. Our data
suggested that even if the UACR level was not high enough to meet
the diagnostic criteria for microalbuminuria, it was still of clinical sig-
nificance to predict the presence of cardiovascular diseases.
Microalbuminuria is strongly associated with the morbidity and
mortality of cardiovascular diseases in hypertensives, diabetics, and
general population.® Epidemiological data suggested that UACR
levels are low in the general population, usually below the diagnos-
tic criteria for microalbuminuria,20 which was consistent with our
data, only a small percentage of subjects were diagnosed with mi-
croalbuminuria (12.06%) or macroalbuminuria (1.49%). High-normal
albuminuria, which was below the diagnostic criteria for microalbu-
minuria, was reported to be capable of predicting the morbidity and
mortality of cardiovascular diseases’, and UACR level was proved to
be related with pulse wave velocity as well.®*** pylse wave velocity
is recognized as an indicator of generalized arterial stiffness and an
independent risk factor for adverse cardiovascular events.?! In the
study of Huang et al,*® it was indicated that the level of UACR in high
normal range was associated with atherosclerosis in young adult

with type 2 diabetes. In the study of Liu et al,'*

high-normal albumin-
uria was found to be associated with atherosclerosis and increased
risk in adverse cardiac events in diabetics. Conversely, arterial stiff-
ness was independently related to UACR in African men with normal
renal function, but not existed in Caucasian men.! To the best of our
knowledge, no study has investigated this association using carot-
id-femoral pulse wave velocity, a golden standard of arterial stiffness,
in Chinese population. If this association persists in the population
from China, high-normal albuminuria may serve as a biomarker to
identify early mild vascular damage. Our data showed that cfPWV
was increased with the increment of UACR. In Pearson’s correlation
analysis, LG-UACR was positively correlated with cfPWV (r = .261,

P < .001). However, after further adjusting for blood pressure and

WILEY-—¢

other traditional cardiovascular risk factors in stepwise multivariate
linear regression analysis, the strength of the relationship between
LG-UACR and cfPWYV was attenuated (= 0.098, P < .001). A possi-
ble explanation is that cfPWYV is partially affected by hemodynamic
mechanisms. PWV has been reported to be pressure-dependent and
varied with blood pressure fluctuation, but in reality, transient blood
pressure fluctuation did not change the intrinsic artery elasticity.22
So, we speculate that adjustments in blood pressure at the time of
measurement could result in underestimation of the association be-
tween LG-UACR and cfPWV. Although this correlation was modest,
it was independent of other cardiovascular risk factors. The positive
correlation between UACR and cfPWYV was observed in high-normal
albuminuria group and macroalbuminuria group, even after adjusting
for age, gender, body mass index, blood pressure, fasting plasma glu-
cose, total cholesterol, and other traditional cardiovascular risk fac-
tors by stepwise multivariate linear regression analysis. In addition,
the correlation between UACR and cfPWYV became weak in low-nor-
mal albuminuria group and microalbuminuria group, suggesting that
other factors such as age or blood pressure had greater influence on
cfPWYV than UACR. The small sample size might be another reason
explaining the correlation between UACR and cfPWV was not ob-
served in the microalbuminuria group. In the subgroups stratified by
gender, age, and the presence of hypertension or diabetes, high-nor-
mal albuminuria was an independent factor of cfPWYV in male, sub-
jects over 65 years old or normotensives. The correlation between
albuminuria and atherosclerosis in different gender remains contro-
versial. A cross-sectional study of Japanese adult males indicated
that high-normal albuminuria was associated with asymptomatic
atherosclerosis.?® In contrast, Huang et al.?* indicated that the sig-
nificant association between UACR and intima-media thickness of
carotid artery only observed in females. Difference between gender
regarding this association may be related to different study popu-
lation. Our previous study suggested that the association between
uric acid and flow-mediated dilatation, a marker of endothelial func-
tion, only exists in male hypertensives with metabolic syndrome.?*
This difference between the gender may be explained by the pro-
tective effects of estrogen on cardiovascular system. In the study
of Kong et al,? slight elevation of albuminuria was associated with
carotid artery intima-media thickness in elderly people with normal
renal function, which was similar to our current result. Our data
showed that high-normal albuminuria was associated with cfPWV
in subjects with age = 65 years, whereas this relationship became
weak in subjects with age <65 years. In addition, we also observed
a correlation between high-normal albuminuria and cfPWV in nor-
motensives; however, there was no significant correlation in hy-
pertensives. Ma et al.?’ reported that high-normal albuminuria was
independently correlated with carotid atherosclerosis in normoten-
sive Chinese individuals, which was, to some extend, similar to our
findings. The mechanisms linking high-normal albuminuria with arte-
rial stiffness remain unclear, but it is generally believed that excre-
tion of albuminuria represents generalized vascular damage rather
than that albuminuria induces arterial stiffness directly.® Increased

arterial stiffness can reduce the aortic-peripheral pressure gradient
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and transmit high-pressure pulsatile energy to kidney capillary blood
vessels, which could lead to hyperfunction of glomerular filtration,
glomerulosclerosis, and decreased renal function gradually.?®

In this study, systolic blood pressure, age, serum creatinine, rest-
ing heart rate, and fasting plasma glucose were observed to be as-
sociated independently with cfPWV in all participants as well, which
was in line with some previous clinical studies. Our previous study
showed that blood pressure and age were important in the progres-
sion of arterial stiffness, and mechanical stress and “vascular aging”
may be the mediator of arterial stiffness, respectively.® Serum
creatinine, a common indicator of renal function, comes from the
decomposition of creatine in human muscle. It is excreted to urine
after glomerular filtration. Gu et al.?’ found that the level of baPWV
was increased with the elevation of creatinine, and creatinine was an
independent risk factor of arterial stiffness in hypertensive. Resting
heart rate has recently been regarded as cardiovascular risk factor in
the general population as well as in individual persons suffered from
cardiovascular diseases.?%%! Many previous researches suggested
that heart rate was positively correlated with arterial stiffness.323°
Fasting plasma glucose was also reported to be associated with vas-
cular damage in some previous studies.®*3° Elevated levels of plasma
glucose has been reported to promote the formation of advanced
glycation end products (AGEs), and higher AGEs may enhance the
cross-linking of collagen; thus, the elasticity of the vascular wall was
reduced and arterial stiffness was increased.3¢%

These findings of our study may have significant clinical impli-
cations for those patients with high-normal albuminuria. Increased
arterial stiffness is frequently associated with the occurrence of
myocardial infarction, unstable angina, heart failure, and stroke.™ If
high-normal albuminuria is an early indicator of arterial stiffness in
Chinese population, particularly in male, elderly, or normotensives,
people with high-normal albuminuria should accept screening for
arterial stiffness or other major cardiovascular diseases and initiate
intensive multifactorial interventions including non-pharmacologi-
cal interventions and pharmaceutical interventions in early stage.>®
These measures will be beneficial to primary prevention of cardio-
vascular diseases in the population from China.

There were still some limitations in this study. Firstly, our study
was a cross-sectional study and the sample size was moderate, rela-
tively small. Secondly, the subjects in our study were outpatients or
inpatients from Fujian Province of China; hence, selection bias may
not be avoided and the results were underrepresented. Additionally,
a moderate sample size may, to some extend, reduce the sampling
bias. Thirdly, our study did not exclude the possible influence of
medications on the measurement of arterial stiffness. Therefore,
a cohort study with sufficient samples is necessary to confirm our
conclusions in the future.

In conclusion, the level of UACR was associated with the increase
of arterial stiffness in subjects with albuminuria, even when the level
of UACR did not reach the diagnostic threshold for microalbumin-
uria. It was suggested that the high-normal albuminuria may serve as
a biomarker to identify the subjects with vascular damage, especially

in male, elderly, or normotensives in the population from China.

Furthermore, age and blood pressure are still found to be the most
important contributor to arterial stiffness and cannot be ignored.
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