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Albuminuria has been associated with cardiovascular events, but whether such an association can be explained
by endothelial dysfunction is not fully understood. In this study, we examined the relationship between the
urine albumin-to-creatinine ratio (UACR) and biomarkers of endothelial function in patients with chronic kid-
ney disease (CKD).

The cross-sectional associations of renal dysfunction and UACR with procoagulant and inflammatory factors
were evaluated for 151 consecutive CKD (stage 3-5) patients. Subjects were grouped by UACR (<300 mg/g or
>300 mg/g) and estimated glomerular filtration rate (eGFR) (30< eGFR <60, 15< eGFR <30, or eGFR <15 ml/min
per 1.73 m?).

A higher UACR level was associated with an increase in von Willebrand factor antigen (vWF: Ag) levels, vVWF
activity, factor VIII, interleukin-2, and log (interleukin-6), even after adjustment for risk factors. Linear regres-
sion analysis indicated that for every 88.5 mg/g increase in UACR, the vWF activity and factor VIl were elevat-
ed by 8.3% and 6.3%, respectively. The factorial design ANOVA data showed no statistically significant inter-
action between UACR and CKD stage with procoagulant and inflammatory factors.

Our study shows an eGFR-independent association of higher UACR with elevations in markers of endothelial
dysfunction and inflammatory factors in CKD patients.
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Background

Cardiovascular disease (CVD) is the major factor affecting the
prognosis of patients with chronic renal disease (CKD), among
whom its morbidity and mortality rates are 10-20 times those
in the general population [1-3]. Endothelial dysfunction, an
intermediate cardiovascular endpoint [4], plays a significant
role in the development of atherosclerosis and vascular le-
sions, which were associated with CKD in our previous study.

In addition to traditional CVD risk factors (e.g., hypertension
and diabetes) and abnormal renal function, the urine albu-
min-to-creatinine ratio (UACR) was also shown to be an inde-
pendent risk factor for cardiovascular disease in non-diabetic
and diabetic patients in numerous studies [5-7]. However, the
mechanisms of the association between albuminuria and CVD
are still largely unclear. Little is known about the glomerular
filtration rate (GFR)-independent association between endo-
thelial injury, an intermediate step in CVD events, and UACR in
CKD patients. We hypothesized that the effect of UACR on the
vascular endothelium may be one of the mechanisms leading
to CVD in CKD patients. In the present study, we investigated
the relationship between UACR and endothelial dysfunction
(ED) in CKD patients and the possible mechanism.

Material and Methods

Study design and subjects

This prospective observational study was carried out at the
Department of Nephrology, Chinese PLA General Hospital.
Between September 2015 and September 2016, consecutive
inpatients 18 to 70 years of age with stages 3-5 non-dialy-
sis-dependent CKD were included in this study. To diminish
any confounders that may influence patients with endotheli-
al dysfunction, patients were excluded if they: (1) had an es-
tablished atherosclerotic complication (coronary artery dis-
ease, congestive heart failure, or peripheral vascular disease);
(2) had a previous diagnosis of diabetes; (3) had a history of
chronic dialysis or kidney transplants or had nephrotic syn-
drome; (4) had a history of use of glucocorticoid or immuno-
suppressive medication within the last month; and (5) were
unwilling to give informed consent. Finally, 151 non-diabetic
CKD patients were selected. The etiology of CKD in these pa-
tients was chronic glomerulonephritis in 105 and unknown in
46. The research was approved by the Ethics Committee of
the General Hospital of the Chinese People’s Liberation Army
and all subjects signed an informed consent form before par-
ticipating in the study. A study flowchart is shown in Figure 1.
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CKD (stage 3—5) patients from
2015-09 t0 2016-09 (n=242)

64 patients excluded

« Glucocorticoid used (n=13)

« With atherosclerotic complication (n=9)
« ESRD with dialysis/transpalntation (n==8)
« With nephrotic syndrome (n=6)

« With diabetes (n=21)

*Age <18y or>70 (n=7)

178 CKD patients met inclusion criteria

27 patients disagreed to
participate in the study

151 patients signed informad consend
to participate in the study

Figure 1. The flow chart of the study.
General data collection

The general characteristics [age, gender, height, weight, sys-
tolic blood pressure, and diastolic blood pressure] and labora-
tory parameters [hemoglobin, white blood cell count, platelet
count, serum albumin, serum creatinine, cholesterol, triglyc-
erides, interleukin-2, interleukin-6, superoxide dismutase, and
UACR] were determined for all patients.

Body mass index (BMI) and mean arterial pressure (MAP)
were calculated as follows: BMI=weight (kg)/[height (m)]%;
MAP=(systolic blood pressure + 2-diastolic blood pressure)/3.

The Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation was used for the estimated glomerular filtra-
tion rate (eGFR)[8]. CKD stage was defined in accordance with
K/DOQI guidelines [9].

Biomarkers of endothelial function

Specimens of fasting cubital venous blood were collected in
the morning. All blood specimens were anticoagulated with 10°
mmol/L sodium citrate at a ratio of 9: 1 (blood: citrate). Platelet-
poor plasma was obtained from blood specimens by centrifu-
gation at 3000xg for 10 min within 1 h of blood collection. The
coagulation factor VIII activity was measured using a coagu-
lation assay. Thrombotic von Willebrand factor (vWF) antigen
levels and activity were determined using an immunoturbidi-
metric assay. The instrument (ACL TOP700) and reagents were
all purchased from USA Instrumentation Laboratory Company.
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Table 1. Baseline characteristics of the study cohort.

CKD patients

creatinine ratio <300 mg/g

CLINICAL RESEARCH

Urine albumin-to-creatinine
ratio 300 mg/g

Urine albumin-to-

Variables (n=151)

Gender, M, n (%) 95 (63%)*
CAgeGea) a6
Body mass index (kg/m) 246837
| Mean arterial pressure (mmHg) 9811l
Hemoglobin /) - ngse21st
Platelet count 10°) 21221573
 White blood cell count (10°7) 71119
CSeumalbumin @)  399:40°
CeGRR (mUmin/L73m3) 3094177
CKD3stage,N(H 58 Ge%)
CKDastage, N(H 55 Ge%)
kDS stage, N (O B 0%
Cholesterol (mmol/) 42109
Trglycerides mmold) 20109

(n=79) (n=72)

58 (73%)* 37 (51%)* 0.013
. anesnz6 598130 0121
242133 249ka1 0475
 oest132 99792 0264
Azt 1231193 0003
a03sss12 218624 0147
- o7 73821 0747
 a09s35t 374l 0004
 3errloe  24arne €001
R O 15 @) w0001
o3 o 2 @% 0148
1 oaewr 3 Gs%) 0036
""""" a0110 43108 o016l
20109 20809 0999

Data are expressed as mean + standard deviation (SD) or median (interquatile range) as appropriate; eGFR — estimated glomerular
filtration rate; CKD — chronic kidney disease. * P<0.05, vs. CKD group; # P<0.05, vs. UACR >300 mg/g group.

Statistical analysis

Data analysis was performed using Statistical Package for Social
Science (SPSS) 19 statistical software (Chicago, IL, USA). Results
are expressed as the mean + standard deviation or median
(range) for continuous data and as the frequency or percent-
age for categorical data. We initially compared the baseline
characteristics of the study subjects using the t-test, Mann-
Whitney U, or chi-squared test, as appropriate. A generalized
linear model estimating procedure was used to obtain the ad-
justed mean levels of procoagulant biomarkers within cate-
gories of UACR [10]. Interaction between CKD stage (3 levels:
CKD3, CKD4, and CKD5) and UACR (2 levels: UACR <300 mg/g
and UACR >300 mg/g) was assessed by factorial design analy-
sis of variance (ANOVA). Using multivariable linear regression,
we examined the association of eGFR and UACR with markers
of endothelial dysfunction. Log transformations were used for
biomarkers if they were not normally distributed. The eGFR,
UACR, and other baseline characteristics were the indepen-
dent variables in these analyses, and the hemostatic biomark-
ers were the dependent variables. P values less than 0.05 were
considered statistically significant.

Results

Participant characteristics

According to the definition of microalbuminuria and macro-
albuminuria suggested by the American Diabetes Association
(2007), we divided the CKD patients into 2 groups: UACR
<300 mg/g and UACR >300 mg/g. Baseline information is
presented in Table 1. The patients in the 2 groups showed
no significant differences in body mass index, mean arterial
pressure, white blood cell count, cholesterol, or triglycerides.
Compared with patients with UACR <300 mg/g, patients with
UACR >300 mg/g were associated with older age, female sex,
and lower hemoglobin, platelet count, serum albumin, eGFR,
and superoxide dismutase levels. However, the interleukin-2
and interleukin-6 levels were significantly higher in the UACR
>300 mg/g group. The UACR <300 mg/g group had a higher
proportion of CKD3 patients, whereas the UACR >300 mg/g
group had a higher proportion of CKD5 patients.

Procoagulant and inflammatory biomarkers according to
UACR categories adjusted for baseline covariates

Regardless of adjustment, a higher UACR was associated with
increases in VWF: Ag, vWF activity, factor VIlI, interleukin-2, and
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Table 2. Unadjusted and adjusted levels of procoagulant and inflammatory biomarkers.

Unadjusted Multivariable-adjusted*

Urine albumin-to-
creatinine ratio
>300 mg/g

Urine albumin-to- i in-to-
creatinine ratio <300 creatinine ratio creatinine ratio <300
mg/g >300 mg/g mg/g

Variables

VWEF: Ag (%) 140.2+51.7 181.74+45.7 <0.001 145.1+49.2 177.9+49.7 <0.001
VWhactivity %) 13128492 17696479 <0001 13548492 17366497 <0001
CFactorVil %)) 12066297 - 14256237 <0001 12438252 13766256 0030
C2umy 728562017 880262334 0004  7483+1722 850561800 0.044
Clog(L-6(pg/m) 05303 07803 <0001 057403  075%03 0.007
s Wim) 15170215 13514147 0001 1481147 1388153 0036

IL — Interleukin; SOD — Superoxide dismutase. * Adjusted for age, sex, mean arterial pressure, body mass index, hemoglobin, serum
albumin, cholesterol, triglycerides, and eGFR.

Table 3. Association of eGFR and UACR with endothelial dysfunction: difference in hemostatic marker per 10 ml/min/1.73 m? decrease
in eGFR and per 88.5-U increase of UACR.

Unadjusted changes Adjusted changes

Cohort and variables (95% CI)* P (95% CI) P
VWF activity (%)
"""" UARmglg  83@L125 <0001 489,949 0040
"""" eGFR,mlminper L73m 11062158 <0001  64(10,1L8" 0020
CRctorVINGE
"""" UARmglg  63(B195 <001 420073 0011
"""" R, mUminper L73m*  66(G498 0017 3907,72° o008

* Reported for a 10-U decrease of eGFR or 88.5-U increase of UACR. For UACR, to convert from milligrams per gram to milligrams
per millimole, multiply by 0.113; # bAdjusted for age, sex, mean arterial pressure, body mass index, hemoglobin, serum albumin,

cholesterol, triglycerides, and UACR; & Adjusted for age, sex, mean arterial pressure, body mass index, hemoglobin, serum
albumin, cholesterol, triglycerides, and eGFR.

In addition, the interaction between CKD and UACR with vVWF
activity, VWF: Ag, and factor VIl is presented in Figure 2. There
was no significant interaction between these variables (VWF
activity: F=0.58, P=0.56; vWF: Ag: F=0.62, P=0.52; factor VIII:

log transformed value of interleukin-6 (log [interleukin-6]), as
well as a decrease in superoxide dismutase (Table 2).

Association of eGFR and UACR with endothelial

dysfunction

When adjusted for demographics, biochemical data, and UACR,
for every 10 ml/min/1.73 m? decrease in eGFR, the VWF ac-
tivity and factor VIII were elevated by 6.4% (95% confidence
interval [95% Cl], 1.0% to 11.8%) and 3.9% (95% Cl, 0.7% to
7.2%), respectively. In models adjusted for demographic char-
acteristics, biochemical data, and eGFR, for every 88.5 mg/g
(10 mg/mmol) increase in UACR, the VWF activity and factor
VIIl were elevated by 4.8% (95% Cl, 0.9% to 9.4%) and 4.2%
(95% Cl, 1.0% to 7.3%), respectively (Table 3).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

F=0.1, P=0.913).

Association of eGFR and UACR with inflammatory
biomarkers

Additionally, we analyzed the association of kidney function
and UACR with inflammatory cytokines by factorial design
ANOVA. The results showed that the main effects of the fac-
tors UACR and CKD were both statistically significant: the inter-
leukin-2 and log (interleukin-6) levels were significantly high-
er, while superoxide dismutase was lower in the UACR >300
mg/g group and in CKD5 patients compared with the UACR
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Figure 2. Main effect and interaction between 2 factors: CKD and UACR. (A) Effect of CKD and UACR on vWF activity. (B) Effect of CKD
and UACR on vWF Ag. (C) Effect of CKD and UACR on factor VIII.

<300 mg/g group and CKD3 patients, respectively. There was
no significant interaction between any 2 factors (interleukin-2:
F=0.26, P=0.77; log (interleukin-6): F=0.29, P=0.75; superox-
ide dismutase: F=0.25, P=0.78) (Figure 3).

Discussion

Patients with CKD have endothelial dysfunction, which may
contribute to increased risk for cardiovascular events. UACR is
an independent risk factor for cardiovascular disease. However,
the mechanisms underlying the association between albumin-
uria and CVD are not fully understood. We hypothesized that
the effect of UACR on vascular endothelium may be one of
the mechanisms leading to CVD in patients with CKD. Thus,
we examined the relationship between UACR and biomarkers
of endothelial function in patients with CKD.

In addition to the associations between eGFR and hemostatic
markers, a strong correlation between UACR and endothelial

dysfunction was confirmed in the present study. CKD patients
often present with higher levels of traditional risk factors for
thromboembolic events, such as hypertension, diabetes, obe-
sity, and dyslipidemia [11], and these factors also affect endo-
thelial function. Before and after adjustment for demographic
characteristics and other covariates (e.g., hemoglobin, serum
albumin, and blood lipids), the associations between UACR
and biomarkers of endothelial dysfunction were attenuated
but remained significant. For instance, for every 88.5 mg/g
(10 mg/mmol) increase in UACR, the unadjusted VWF activi-
ty was elevated by 8.3%, which was attenuated to 4.8% with
full adjustment. Moreover, we found no significant interac-
tion between these variables, which indicates that albumin-
uria does not alter the association between eGFR and endo-
thelial dysfunction.

Extensive basic research has found that inflammation and ox-
idative stress can induce vascular endothelial cell injury and
accelerate atherosclerosis [12,13]. Additionally, a clinical study
demonstrated that inflammation and oxidative stress markers
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Figure 3. Inflammatory biomarkers associated with level of eGFR and UACR group. (A) Effect of CKD and UACR on Interleukin-2.
(B) Effect of CKD and UACR on log (Interleukin-6). (C) Effect of CKD and UACR on superoxide dismutase.

are closely associated with cardiovascular events [14]. In the
present study, we found that interleukin-2, interleukin-6, and
superoxide dismutase had strong correlations with UACR in
CKD patients. We infer that these factors may mediate the as-
sociation between UACR and endothelial dysfunction. Notably,
our findings suggest that inflammation and oxidative stress
markers change as UACR increases in CKD patients; however,
the present study is a cross-sectional study, which only identi-
fies the association between inflammatory cytokines and UACR
but does not demonstrate a causal relationship between in-
flammatory cytokines, UACR, and endothelial injury. For ex-
ample, increased inflammation could have caused both UACR
and endothelial dysfunction [4,15]. Additionally, albuminuria
can alter the levels of inflammatory cytokines and thrombot-
ic cascades [16] and can contribute to CVD.

The present study has certain limitations. First, the vascular
endothelium has multiple physiological functions, such as reg-
ulating vascular tension, resisting coagulation, and promoting
fibrinolysis, in addition to its participation in the inflammatory

response. In addition to the serological marker vVWF, other indi-
cators, such as reactive hyperemia peripheral arterial tonome-
try (RH-PAT), should be tested; these indicators can better re-
flect the physiological functions of the vascular endothelium.
However, further investigation was not carried out because such
test methods are not yet available at our center. Second, this
was a cross-sectional study, and there was no further follow-
up after the endpoint of cardiovascular events. We could not
establish a relationship between endothelial dysfunction and
eventual subsequent thromboembolic events in CKD patients.

Conclusions

This study demonstrates that a higher UACR is GFR-
independently associated with elevations in markers of en-
dothelial function and inflammatory factors in CKD patients.
These findings suggest that therapies aimed at treating albu-
minuria may help to alleviate endothelial dysfunction.
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