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¢ Background and aims: Oxidative stress plays an impor-
tant role in the pathogenesis of cardiovascular disease
(CVD). Central blood pressure (BP) is thought to be more
relevant than peripheral BP for the pathogenesis of CVD.
Advanced oxidation protein products (AOPP) are markers
of oxidative stress. This study investigated the relation-
ship between AOPP and central BP in peritoneal dialysis
(PD) patients.

¢ Methods: Ina cross-sectional study of 75 PD patients (67%
men), we analyzed two oxidative stress markers, AOPP (modi-
fied assay, mAOPP, correcting for the impact of triglycerides)
and pentosidine, three inflammation markers, interleukin-6
(IL-6), tumor necrosis factor (TNF), and high-sensitivity
C-reactive protein (hs-CRP). All patients underwent measure-
ment of central systolic blood pressure (SBP) and diastolic
blood pressure (DBP) by applanation tonometry.

¢ Results: Patients with mAOPP levels above the median
had a higher central SBP and DBP than those below the
median values. In univariate analysis, the levels of mAOPP
associated with central SBP and central DBP. Multiple
regression analysis, adjusting for age, gender, diabetes,
CVD, protein-energy wasting (PEW), hs-CRP and extracel-
lular water by multi-frequency bioimpedance or N-terminal
prohormone of brain natriuretic peptide (NT-proBNP),
confirmed independent associations between mAOPP and
central SBP and central DBP respectively.

¢ Conclusions: The mAOPP level is independently asso-
ciated with the central SBP and DBP in PD patients. This
finding suggests that oxidative stress may be involved in
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the pathogenesis of hypertension or that hypertension
itself or factors associated with hypertension such as fluid
overload may have an additional effect on oxidative stress
in PD patients.
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nd-stage renal disease (ESRD) patients undergoing

dialysis have a substantially increased risk of cardio-
vascular morbidity and mortality (1,2). Atherosclerotic
and cardiovascular disorders are main causes of mor-
bidity and mortality in dialysis patients and, while their
developmentis multifactorial, hypertensionis one of the
mostimportant factors. Therefore, lowering blood pres-
sure (BP) could be considered a key target to reduce the
high cardiovascular risk in this population (3). Central
(i.e. aortic) BP, the BP exerted on the heart, brain,
and kidney is more relevant than peripheral BP for the
pathogenesis of cardiovascular disease (CVD) (4,5), and
can be reliably and non-invasively assessed with recently
developed techniques. The difference between peripheral
and central BPis greaterin young patients with compliant
elastic arteries than in older patients with stiff and less
compliant arteries (6,7).

A relationship between oxidative stress and BP was
first suggested in the 1960s, but such association has
been studied in detail only since the 1990s. Evidence
from experimental and animal studies supports the role
of oxidative stress in the pathogenesis of hypertension,
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although there is still no convincing proof that oxida-
tive stress is a cause of human hypertension (8,9). In
dialysis patients, oxidative stress and inflammation are
associated with the development of CVD (10,11). The
mechanisms are believed to involve both atherosclerosis
and arteriosclerosis, with vascular calcification resulting
inarterial stiffness leading toimpaired vascular function;
vascular dysfunction mayin turn contribute toincreased
oxidative stress and inflammation, increasing the likeli-
hood of morbidity and mortality due to CVD in dialysis
patients (12,13).

Advanced oxidation protein products (AOPP) are mark-
ers of oxidative stress and mediators of inflammation,
first detected in the plasma of chronic uremic patients
in 1996 (14). Elevated plasma levels of AOPP have been
detected both in patients on hemodialysis (HD) and peri-
toneal dialysis (PD), as well as in patients with coronary
artery disease and diabetes (14-16). As plasma triglyc-
erides interfere with the method of quantifying AOPP,
leading to an over-estimation of AOPP values (17), a
modified AOPP (mAOPP) assay, in which triglycerides are
removed by precipitation before analysis, was developed
and applied in uremic patients (18).

Tothe best of our knowledge, the relationship between
AOPP and central BP has notyet been exploredin humans.
Inthe current study, we hypothesized that modified AOPP
levels may correlate with central BPin PD patients.

MATERIALS AND METHODS
PATIENTS

The current study is a cross-sectional study with a
follow-up that originally aimed at evaluating variation
in inflammatory markers in all prevalent PD patients
who were being controlled at the Karolinska University
Hospital and Danderyds Hospital in the Stockholm
region. Patient recruitment occurred from March 2008
through April 2011. A total of 163 patients who were
receiving regular PD treatment were invited to partici-
pate. Ofthese, 66 patients refused to participate or were
precluded from entryinto this study. Of the remaining 97
eligible patients, 13 patients did not start the study due
tovarious reasons (including transfer to HD, transplanta-
tion and mortality). Thus, 84 patients started the study
and were followed with blood samples obtained weekly
during a period of 3 months. The current study is limited
to baseline sampling of the 84 patients, among whom 8
additional patients with atrial fibrillation were excluded
because no central BP measurements were available, and
1 more patient was excluded because of lack of mAOPP
measurement. Thus, 75 prevalent patients with a median
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preceding time on PD of 11.5 (interquartile (IQ) range
5.9 - 28.8) months at baseline remained forinclusionin
the analysis (Figure 1). The study protocol was approved
by the Ethics Committee of Karolinska Institute at
Karolinska University Hospital (Stockholm, Sweden) and
each patient gave their written informed consent.

Body massindexwas calculated as weightin kilograms
divided by the square of height in meters. Previous CVD
was defined as history of any CVD as recorded in the
Swedish Hospital Discharge Registry (International
Classification of Diseases (ICD-8) codes 390 to 458 or
ICD-9 codes 390 to 459). Diabetes was defined as fasting
plasma glucose > 7.0 mmol/L, 2-hour post-load glucose
levels > 11.1 mmol/L, or the use of oral hypoglycemic
agents or insulin (19). Subjective global nutritional
assessment (SGA) was used to evaluate the overall
protein-energy wasting (PEW) status. Each patient was
given a score that reflects the nutritional status as fol-
lows: 1 = normal nutritional status, 2 = mild wasting,
3 = moderate wasting and 4 = severe wasting. PEW was
defined as a SGA score > 1 (20).

‘ 163 patients undergoing PD

66 patients excluded because of:
unwillingness to participate (n=49);
medical reasons (n=9); received a renal
transplant (n=3); logistic problems (n=3);
communication problems (n=2).

A

97 eligible patients

13 patients excluded before start of
longitudinal study

"1 »  8switched to HD

e 3received a renal transplant

e 2died

A

84 patients included at baseline

9 patients excluded
® 8 without data on SphygmoCor
® 1 without data on mAOPP at baseline

75 patients included in present study

Figure 1 — Flowchart describing the inclusion of partici-
pants in the study. The 75 patients who were included in this
analysis had been treated by PD for a median of 11.5 (IQ range
5.9-28.8) months. PD=peritoneal dialysis; HD = hemodialysis;
mAOPP = modified assay of advanced oxidation protein prod-
ucts; IQ = interquartile; SphygmoCor (Atcor Medical, Sydney,
Australia).
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The majority (77%) of the PD patients were treated
with continuous ambulatory peritoneal dialysis and 23%
with automated peritoneal dialysis. ALl PD patients used
glucose-based biocompatible solutions (Physioneal,
Baxter Healthcare, Castlebar, Ireland; or Gambrosol
Trio, Gambro Lundia AB, Lund, Sweden; or BicaVera,
Fresenius Medical Care, Bad Homburg, Germany), some
patients used amino-acid based solution (Nutrineal,
Baxter Healthcare, Castlebar, Ireland) while for the
long dwell, a majority of the patients used icodextrin-
based solution (Extraneal, Baxter Healthcare, Castlebar,
Ireland). The residual glomerular filtration rate (rGFR)
of the PD patients was 3.2 + 2.2 mL/min/1.73 m?,
calculated as the average of renal creatinine and urea
clearance from 24 hours’ urine collection (21), while
total (renal plus peritoneal) Kt/V was 2.2 + 0.5. Each
patient’s medical chart was thoroughly reviewed by a
nephrologist, who extracted data pertaining to previous
CVD, comorbid conditions, and medications. Almost all
(86%) of the patients were treated with antihyperten-
sive drugs, including (57%) angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers,
or both; calcium channel blockers (32%); B-blockers
(70%); diuretics (86%); and 49 % of the patients
used statins.

LABORATORY MEASUREMENTS

Afteran overnight oral fast, withoutinterrupting the
ongoing continuous treatment with PD, venous blood
samples were taken; all blood samples were centrifuged
immediately at 2,300 x g for 15 min at4 °Cand stored at
=70 °Cif notanalyzed immediately. Seruminterleukin-6
(IL-6) and tumor necrosis factor levels were measured by
Immulite Automatic Immunoassay Analyzer (Siemens
Medical Solutions Diagnostics, Los Angeles, CA, USA)
with assays manufactured for each analyzer. Pentosidine
was measured as previously described (22). Since plasma
pentosidine is mainly present as protein bound to albu-
min, and free pentosidine represents only 3 - 4% of
total circulating pentosidine, the plasma pentosidine
concentrations in picomol per liter were corrected for
serum albumin and expressed as picomol per milligram of
albumin. High sensitivity C-reactive protein (hs-CRP) cal-
cium, phosphate, cholesterol, triglycerides, N-terminal
prohormone of brain natriuretic peptide (NT-proBNP) and
albumin were analyzed using routine methods.

MODIFIED AOPP (MAOPP) ASSAY

The mAOPP assay included, in addition to the AOPP
methodology (14), a sample preparation procedure to
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precipitate very low- and low-density lipoproteinsin the
plasma. As the HDL-cholesterol precipitating reagent
(Thermo Electron Corporation, Vantaa, Finland) is no
longer available, we modified the procedure and instead
used, as precipitating reagent, 10 mg of dextran sulphate
(molecular weight 500 KDa, Sigma-Aldrich, St Louis, MO,
USA, product number D6001) and 246 mg magnesium
sulphate X7H,0 (molecular weight 246 KDa, Sigma-
Aldrich, M5921) preparedin 1 mL distilled water. One part
(20 uL) of this reagent was mixed with 10 parts (200 ulL)
of ethylenediaminetetraacetic acid (EDTA) plasma in
an Eppendorf (Sarstedt, Niimbrecht, Germany) tube,
vortexed, allowed to stand for 10 minutes, centrifuged
at 1,500 x g for 30 minutes in a cold centrifuge (+4 °C),
upon which the supernatant was carefully pipetted for
further analysis. Then, mAOPP was immediately mea-
sured in the supernatant at 340 nm on a microplate
spectrophotometer (SPECTRAmax 250, Molecular Devices
Corporation, Sunnyvale, CA, USA) under acidic conditions
and expressed as chloramine-T equivalents (18).

ASSESSMENT OF FLUID STATUS BY BIOIMPEDANCE

Multi-frequency bioimpedance (Xitron 4000B, Xitron
Tech, San Diego, CA, USA) was used to assess total body
water, extracellular water, and intracellular water at
baselinein a subgroup of patients (n=69) in whom such
data were available.

CENTRAL BP MEASUREMENTS

Measurements of central BP were performed using
SphygmoCor hardware and software (Atcor Medical,
Sydney, Australia) by one nurse who was trained to
perform these measurements. Based on the operator
index, whichis an estimate of quality of the SphygmoCor
derived waveforms, values below 80% were not taken
into consideration.

Central BP measurement is based on the tonometer-
recorded radial pulse waveform and a brachial BP.
After obtaining sequential waveform series, the aver-
age peripheral and central arterial waveforms were
recorded. The average of sequential radial waveforms
was measured in real time with a validated transfer
function algorithm using specially prepared software.
The following parameters were recorded: estimated
central (aortic) systolic and diastolic BP (SBP and DBP);
peripheral (radial) SBP and DBP; central pulse pressure
(PP) calculated as the difference between the estimated
central SBP and DBP. Peripheral PP was calculated as
the difference between the estimated peripheral SBP
and DPB.
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STATISTICAL ANALYSIS

Values were expressed as mean + standard deviation
(SD) for normally distributed continuous variables, or
median (IQ range) for skewed variables, or percent-
age of total, as appropriate for categorical variables.
Differences among the groups were analyzed by the
Wilcoxon test or the Fisher’s exact test. Spearman’s rank
correlation (rho) was used to determine correlations
of mAOPP with hemodynamic variables. Multivariate
regression models were applied to test the independent
link between mAOPP and central and peripheral (radial)
BP by adjusting for potential confoundersincluding age,
gender, the prevalence of three co-morbidities (diabe-
tes, CVD, and PEW), hs-CRP and extracellular water by
multi-frequency bioimpedance or NT-proBNP. Data are
expressed as standard regression coefficients (). Two-
tailed 95% confidence intervals (CI) and p values are

AOPP AND BLOOD PRESSURE IN PD PATIENTS

presented with p <0.05 regarded as significant. Because
p values were not adjusted for multiple testing, they have
to be considered as descriptive. All statistical analyses
were performed using statistical software STATA version
12 (Stata Corporation, College Station, TX, USA).

RESULTS

Demographic, clinical, biochemical and central
hemodynamic characteristics of the study population,
categorized according to whether mAOPP values were
below or above the median mAOPP value (133.6 umol/L)
are givenin Table 1 and Table 2.

Patients with high mAOPP levels had higher levels
(p <0.01) also of another biomarker of oxidative stress,
pentosidine, expressed in relation to albumin levels,
while theinvestigated inflammation markers, Kt/V, rGFR
and other clinicaland biochemical parameters, including

TABLE 1
Demographic and Biochemical Data in 75 PD Patients Categorized According to

Median of mAOPP Value (133.6 umol/L)

Total PD patients

mAOPP<133.6

mAOPP>133.6

(n=75) (n=38) (n=37) p
Age, years 63.6+14.2 65.7+16.5 62.7+11.4 NS
Gender (male), n (%) 50 (67) 22 (58) 28 (76) NS
Diabetes, n (%) 19 (25) 7 (18) 12 (32) NS
History of CVD, n (%) 22 (29) 13 (34) 9 (24) NS
PEW (SGA>1), n (%) 31(41) 14 (37) 17 (46) NS
BMI, kg/m? 25.4%4.0 24.4%3.6 26.2+4.1 NS
CaxPO,, mmol?/L? 4.0£1.1 3.7+0.8 4.3%£1.3 NS
Cholesterol, mmol/L 5.1+1.3 5.2+1.3 5.0+1.2 NS
Triglycerides, mmol/L 2.0+0.9 2.0+0.9 1.9+0.9 NS
Albumin, g/L 31.5+4.6 31.2+4.7 31.6+4.6 NS
hsCRP, mg/L 4.1 (1.4-10.6) 2.8 (0.8-8.5) 5.1 (2.2-15.0) NS
1L-6, pg/mL 6.5 (3.9-9.6) 6.4 (3.8-8.6) 7.0 (3.9-11.2) NS
TNF, pg/mL 17.1%4.3 16.3+3.5 17.9+4.9 NS
Pentosidine,
(pmol/mg albumin) 86 (57-130) 65 (38-94) 116 (77-156) 0.001
Extracellular water, L 16.5+3.1 16.0+3.2 17.1+2.8 NS
Intracellular water, L 18.9+3.9 18.4+4.3 19.3+3.5 NS
Total body water, L 35.4%6.4 34.4%6.9 36.5+5.8 NS
NT-proBNP, ng/L 2,830 (1,068-6,645) 2,490 (847-4,530) 3,080 (1,109-10,700) <0.05
Kt/V (renal + peritoneal) 2.2+0.5 2.3+0.6 2.1+0.4 NS
rGFR, mL/min/1.73 m? 3.2+2.2 3.7+2.1 2.8+2.3 NS

PD = peritoneal dialysis; mAOPP = modified assay of advanced oxidation protein products; CVD = cardiovascular disease; PEW =
protein-energy wasting; SGA = subjective global nutritional assessment; BMI = body mass index; Ca = Calcium; PO, = Phosphate;
hs-CRP = high-sensitivity C-reactive protein; IL-6 =interleukin-6; TNF=tumor necrosis factor; NT-proBNP=N-terminal prohormone
of brain natriuretic peptide; rGFR, residual glomerular filtration rate; NS = not significant.

Data are expressed as meantstandard deviation, median (25-75 percentiles) or as percent frequency as appropriate.

69 patients had data on extracellular water, intracellular water and total body water at baseline by multi-frequency bioimpedance,
mAOPP<133.6 umol/L n=35; mAOPP>133.6 umol/L n=34.

463



XU etal.

JULY 2015 - VOL. 35, NO. 4 PDI

TABLE 2
Blood Pressure Assessed by SphygmoCor and Medications in 75 PD Patients Categorized According to
Median of mAOPP Value (133.6 umol/L)

Total PD patients mAOPP<133.6 mAOPP>133.6
(n=75) (n=38) (n=37) p

Blood pressure data

Central SBP (mmHg) 127.1+21.4 122.6+23.1 132.3+18.5 <0.05

Central DBP (mmHg) 81.4+12.6 76.2+12.0 86.4+11.2 <0.001

Radial SBP (mmHg) 139.5+22.6 133.4424.1 146.4%19.0 <0.05

Radial DBP (mmHg) 80.3+12.4 75.4+11.9 85.1+11.2 <0.01

Central PP (mmHg) 45.7+16.0 46.5+16.2 45.9+15.2 NS

Radial PP (mmHg) 59.2+17.3 58.0+17.4 61.4+16.5 NS
Anti-hypertension drugs and statins

ACEI/ARB/both, n (%) 47 (63) 19 (50) 28 (76) NS

CCB, n (%) 27 (36) 11 (29) 16 (43) NS

[B-Blocker, n (%) 59 (79) 32 (84) 27 (73) NS

Diuretics, n (%) 70 (93) 34 (89) 36 (97) NS

Statin, n (%) 39 (52) 16 (42) 23 (62) NS

SphygmoCor (Atcor Medical, Sydney, Australia); PD = peritoneal dialysis; mAOPP = modified assay of advanced oxidation protein
products; SBP=systolic blood pressure; DBP=diastolic blood pressure; PP = pulse pressure. ACEL=angiotensin converting enzyme
inhibitors; ARB = angiotensin receptor blockers; CCB = calcium channel blockers; NS = not significant.

serum albumin, did not differ between patients with
mAOPP levels above or under median levels. In order to
assess whether fluid overload—which can be expected
to increase blood pressure—was associated also to the
mAOPP concentrations, we performed in a subgroup of
patients (n=69) analysis of available measurements that
had been obtained by multi-frequency bioimpedance
on total body water, extracellular water, and intracel-
lular water at baseline as well as data on circulating
NT-proBNP at baseline. NT-proBNP (ng/L) was higher
among the patients with mAOPP>133.6 umol/L (median
level) than in those with mAOPP below this level (3,080
(1,109 - 10,700) versus 2,490 (847 - 4,530) ng/L; p <
0.05) whereas the bioimpedance data (total body water,
extracellular water, andintracellular water) did not differ
between the two mAOPP groups (Table 1).
Interestingly, central SBP, central DBP, peripheral
SBP and peripheral DBP were all significantly higher
in patients with mAOPP values above the median val-
ues. There were no statistically significant differences
between the two mAOPP groups as regards the use of
anti-hypertensive medications or statins (Table 2).

BIVARIATE CORRELATIONS
The circulating levels of mAOPP correlated positively
with the hemodynamic parameters central SBP (rho =

0.28, p < 0.05, Figure 2A), central DBP (rho = 0.50,
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p < 0.001, Figure 2B), peripheral SBP (rho = 0.38,
p < 0.01, Figure 2C), and peripheral DBP (rho = 0.49,
p<0.001, Figure 2D). Centraland peripheral blood pres-
sures were closely associated: central SBP correlated
directly with peripheral SBP (rho=0.94, p<0.001), and
central DBP correlated with peripheral DBP (rho=0.99,
p <0.001).

Another marker of oxidative stress, pentosidine
(expressedin relation to serum albumin) also correlated
with central SBP (rho =0.22, p =0.05) and central DBP
(rho=0.24, p<0.05) as well as with mAOPP (rho =0.51,
p < 0.001). On the other hand, according to bivariate
analysis, extracellular water (rho=0.26, p<0.05) as well
asintracellularwater (rho=0.26, p<0.05) and total body
water (rho=0.28, p <0.05) correlated with mAOPP.

MULTIVARIATE ANALYSIS

Multivariate regression models were used to determine
if mAOPP was an independent predictor of central SBP
and central DBP and the results showed that the correla-
tions between mAOPP and both central SBP and central
DBP remained significant after multiple adjustments
including age, gender, diabetes, presence of CVD, pres-
ence of PEW, and hs-CRP. When we added extracellular
water as a confounder in the model in addition to the
previously used confounders, the results showed that the
relations between mAOPP and SBP (¥ = 0.25; 3 = 0.25,
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Figure 2 — Associations between mAOPP and hemodynamic parameters: central SBP (A), central DBP (B), peripheral SBP (C),
and peripheral DBP (D) in 75 PD patients. mAOPP = modified assay of advanced oxidation protein products; SBP = systolic blood

pressure; DBP = diastolic blood pressure; PD = peritoneal dialysis.

p =0.05) as well as DBP (¥ = 0.31; B = 0.41, p = 0.002)
still remained significant (Table 3). Also, when, instead
of extracellular water, we included NT-proBNP as a con-
founder, we got similar results for SBP (# = 0.27; B =
0.29, p =0.02) and DBP (r?=0.30; B = 0.41, p = 0.002)
(Table 4).

As the central and peripheral BP were strongly corre-
lated, we applied the same models to determine mAQPP
as anindependent predictor of peripheral SBP and DBP,
which were obtained simultaneously with measurements
of central BP using the SphygmoCor device; the results
were similar, i.e., mAOPP was an independent predic-
tor also of peripheral blood pressure. In contrast, the
correlation between pentosidine and central SBP and
central DBP respectively lost its statistical significance
after adjustment for the same confounders.

DISCUSSION

The main finding of this study is that mAOPP, a marker
of oxidative stress, is significantly associated with central
(aortic) SBP and central DBP as well as with peripheral
(radial) SBP and DBP in PD patients. The relationship
between mAOPP and central BP was robustand indepen-
dent of multiple potential confounders. These findings
suggest that oxidative stress as measured by mAOPP is
strongly linked with central blood pressure as assessed
by applanation tonometry.

Starting in 1990, many studies have demonstrated
the importance of oxidative stress in BP requlation.
The number of PubMed hits with “hypertension” and
“oxidative stress” as keywords of published articles
has increased more than 10-fold in 20 years. Various
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TABLE 3
Multivariate Regression Models of mAOPP as a Predictor of Central Systolic and Diastolic BP in 75 PD patients
Central systolic BP Central diastolic BP
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
B (p) B (n) B (n) B (p) B (p) B (n)
(P=0.07)  (=0.20)  (r=0.25) (r?=0.29) (P=0.30)  (r?=0.31)
mAOPP,
umol/L 0.26 (0.02) 0.31(0.01) 0.27(0.02) 0.25(0.05) 0.48 (<0.001) 0.44 (<0.001) 0.42 (0.001) 0.41(0.002)
Age, years 0.01(0.97) -0.03(0.81) -0.03 (0.76) -0.25 (0.02) -0.26 (0.02) —0.24 (0.03)
Gender,
male (%) -0.19 (0.10) -0.19 (0.10) -0.12 (0.49) -0.02 (0.85) -0.02(0.89) -0.04 (0.83)
Diabetes,
" (%) 0.37 (0.001) 0.39 (0.002) 0.02(0.82)  0.01(0.94)
CVD, n (%) 0.11(0.31)  0.12(0.31) -0.02 (0.83) -0.04 (0.75)
PEW, 11 (%) -0.16 (0.16) -0.17 (0.17) -0.04 (0.70) 0.01(0.97)
Log, hs-CRP 0.09 (0.41)  0.10 (0.44) 0.11(0.29)  0.05 (0.67)
Extracellular
water, L -0.05 (0.78) 0.12 (0.52)

mAOPP = modified assay of advanced oxidation protein products; BP = blood pressure; PD = peritoneal dialysis; CVD = cardiovas-
cular disease; PEW = protein-energy wasting, as assessed by subjective global nutritional assessment; hs-CRP = high-sensitivity
C-reactive protein.

TABLE 4
Multivariate Regression Models of mAOPP as a Predictor of Central Systolic and Diastolic BP in 75 PD Patients
Central systolic BP Central diastolic BP
Crude Model 1 Model 2 Model 3 Crude Model 1 Model 2 Model 3
B (p) B (p) X0 B (n) B (p) B (p) B (n) B (n)
(P=0.06)  (7=0.07)  (’=0.20)  (r=0.27)  (?=0.23) (r=0.29) (?=0.30)  (r?=0.30)
mAOQPP,
amotyL 028 (0.02) 0.31(0.01) 0.27(0.02) 0.29(0.02) 0.48(<0.001) 0.44 (<0.001) 0.42 (0.001) 0.41(0.002)
Age, years 0.01(0.97) -0.03(0.81) -0.01 (0.94) -0.25(0.02) -0.26 (0.02) -0.26 (0.02)
G;r;cll:r -0.19 (0.10) -0.19 (0.10) -0.17 (0.13) -0.02(0.85) -0.02 (0.89) -0.02 (0.85)
Diabetes,
" (%) 0.37 (0.001) 0.38(0.001) 0.02 (0.82) 0.02 (0.85)
CVD, 1 (%) 0.11(0.31)  0.14 (0.21) ~0.02 (0.83) -0.03 (0.77)
PEW, n (%) -0.16 (0.16) -0.12 (0.29) -0.04 (0.70) -0.05 (0.64)
Log, hs-CRP 0.09 (0.41)  0.12(0.30) 0.11(0.29)  0.11(0.34)
NT-proBNP,
ng/L -0.15 (0.20) 0.05 (0.67)

mAOPP, modified assay of advanced oxidation protein products; BP = blood pressure; PD = peritoneal dialysis; CVD = cardiovas-
cular disease; PEW = protein-energy wasting, as assessed by subjective global nutritional assessment; hs-CRP = high-sensitivity
C-reactive protein; NT-proBNP = N-terminal prohormone of brain natriuretic peptide.
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experimental models of hypertension show evidence of
oxidative excess. For example, mice deficientin reactive
oxygen species (ROS)-generating enzymes have lower BP,
and Angiotensin ITinfusion fails to induce hypertension
in these mice (23,24). The role of oxidative stress in
experimental hypertension is further strengthened by
studies showing that treatment with antioxidant vitamins
(vitamins C and E) and free radical scavengers attenu-
ates or prevents the development of hypertension (25).
Whereas thereis evidencein animal models that oxidative
excess is causally associated with BP (8,9,26,27), the
evidence in humans is less convincing; thus, a causal
link between oxidative stress and BP is not yet estab-
lished. Factors implicated to counteract oxidative stress
in human hypertension include decreased antioxidant
activity, reduced levels of ROS scavengers, and reduced
activation of ROS-generating enzymes (28). However,
only a small number of clinical studies have shown posi-
tive BP-lowering effects of antioxidants (29), while most
antioxidant clinical trials have failed to demonstrate BP
reduction (30).

In PD patients, one study showed higher malondial-
dehyde (MDA) levels, an indicator of lipid peroxidation,
in hypertensive compared to normotensive patients and
healthy controls; however, the levels of AOPP were not
different between the hypertensive and normotensive PD
patients (31). Another study showed that while oxidative
stress wasincreased in dialysis patients compared to the
healthy controls, there was no significant difference
between the normotensive and hypertensive PD patients
in terms of oxidative stress; however, all hypertensive
patients were using antihypertensive medications such
asangiotensin-converting enzymeinhibitors which could
have reduced the levels of oxidative stress biomarkers
(32).Thus, the results of the current study, showing that
mAOPP, a marker of oxidative stress, was significantly
associated with BP in PD patients, differ from those of
previous reports. One possible reason for this discrep-
ancy could be that almost all (86%) of our patients had
hypertension. Furthermore, we measured the mAOPP
level which is corrected for the impact of raised levels
of triglycerides on AOPP measurements (18) and to the
best of our knowledge there are no previous studies on
mAOPP versus blood pressure in PD patients. In addi-
tion, the properties of mAOPP may differ from those of
other markers of oxidative stress. Thus, in our study,
while another oxidative stress marker, pentosidine, cor-
related with BP in univariate analysis, this association
lost its statistical significance after adjustments for
(multiple) confounders.

Recent studies have shown that central BP is a better
predictor than peripheral BP of cardiovascular mortality
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(4,5). Anincrease of central BPis to a large extent related
to changes in the properties of the large arteries that
may influence the workload of the heart, and the risk for
various complications such as left ventricular hypertro-
phy. It is plausible and supported by the literature that
such changes could induce inflammation and oxidative
stress (33). The introduction of improved methods for
measurement of central BP are now available and this can
now be measured easily, accurately, and non-invasively
with relatively inexpensive devices (6,7), and, in the
current study, allowed us to measure central BP by
SphygmoCor (34).

The underlying mechanism by which there could be
a link explaining the close association between AOPP
and central BP in the current study is not clear. AOPP
is one of many markers used to measure the presence
and degree of oxidative stress. AOPP measures highly
oxidized proteins, such as albumin and fibrinogen, and
oxidized fibrinogen is thought to be a key molecule
responsible for the AOPP reaction in human plasma (35).
Oxidative damage to protein is caused by the action of
free radicals and various other oxidizing compounds; a
common term for these compounds is ROS. Interaction
between ROS and fibrinogen results in the formation of
oxidized fibrinogen, which can be detected as AOPP; AOPP
is closely related to the basal production of ROS (36).
Subcellular ROS stimulates mitogen-activated protein
kinases (MAPK), tyrosine kinases, and transcription
factors (such as NF kappa B, activator protein-1, and
hypoxia-inducible factor-1), increases intracellular free
Ca®* concentration, and up-requlates pro-inflammatory
gene expression and activity. Atthe vascular level, these
alterationsinintracellular signaling lead to endothelial
dysfunction, reduced vasodilation, increased contrac-
tion, and structural re-modeling, causing increased
peripheral resistance and elevated blood pressure (37).
Nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase-induced ROSin the hypothalamicand circumven-
tricular parts of the brain are implicated in the central
control of hypertension (8,9,26,27). We speculate that
such a biological connection might be one explanation
for our finding of a relationship between mAOPP and
central BP.

Interestingly, higher mAOPP levels associated with
signs of fluid overload as assessed both by higher extra-
cellular water volume (by bioimpedance) and higher
circulating levels of NT-proBNP. As higher blood pressure
could be due to fluid overload, this could be one pos-
sible explanation for the observed link between mAOPP
and higher central SBP and DBP in the current study.
This observation is in line with a previous study in left
ventricular hypertrophy patients showing an association
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between oxidative stress and NT-proBNP and in another
study in which HD patients’ oxidative stress associated
with the degree of fluid overload (38,39). On the other
hand, when we included in the multivariate regression
models, in addition to the many other confounders
alreadyincluded in the model, extracellular water volume
and NT-proBNP respectively as confounders, the mAOPP
level remained independently associated with the central
SBP and DBP. Although the exact mechanism(s) that
could explain why mAQPP is associated to central blood
pressure in our PD patients is unclear, we speculate that
oxidative stress, possibly related at least to some extent
to fluid overload, is a key mediator for this association.

STUDY STRENGTHS AND LIMITATIONS

Though this, to the best of our knowledge, is the
first study addressing AOPP and central BP, and thus
the first such study in PD patients, the results should be
interpreted with caution and several limitations of the
study should be noted. First, the cross-sectional nature
of our observations precludes cause-effect inferences
about the observed AOPP link with central BP. Second,
the small sample size with only 75 patients is another
limitation. Third, we did not perform an intervention
to see whether changes in blood pressure resulted in
changes in mAOPP levels, or if modifications of mAOPP
levels using anti-oxidative medications could induce
changes in central and peripheral BP. We have no clear
understanding of the mechanisms by which mAOPP
could be linked to central blood pressure in PD patients.
Nevertheless, the close relation between, on the one
hand, the physiological parameter central BP, and, on
the other hand, a completely independent laboratory
measurement of mAOPP is conspicuous and intriguing.
Ideally, based on the hypothesis generated by the cur-
rent study, a clinical trial should be performed testing
the hypothesis that antioxidants could reduce mAOPP
and concomitantly central BP levels in PD patients. PD
patients may be more suitable than HD patients for such
a study as BP controlin HD patients isinfluenced by the
impact of ultrafiltration during the HD session.

CONCLUSIONS

In summary, the mAOPP level is independently cor-
related with central and peripheral BP in PD patients.
These results support the concept that oxidative stress
may be involved in the pathogenesis of hypertension or
that hypertension or factors associated with hyperten-
sion such as fluid overload may induce oxidative stress,
or both. Further studiesin larger cohorts of PD patients,
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and in other patient populations with a high prevalence
of high central and peripheral BP and oxidative stress,
arewarranted to test the hypothesis that mAOPPis a valid
and potentially modifiable predictor of central BP.
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