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Background: Rapid growth of the elderly peritoneal dialysis (PD) population is posing a
special challenge for renal teams. Peripheral artery disease (PAD) has been reported to be
an independent predictor of cardiovascular and all-cause mortality in hemodialysis patients.
However, the prevalence and associated risk factors for PAD in elderly PD patients have not
yet been fully investigated.
Methods: A total of 69 elderly PD patients were included in the present study. PAD was defined
as either an ankle-brachial index , 0.9 or a history of intermittent claudication, lower-limb
amputation, foot ulcers, or gangrene. On enrollment, clinical and biochemical characteristics
were collected.
Results: The overall prevalence of PAD was 31.9%. Compared with non-PAD patients, PAD
patients were significantly older and more likely to be female and have longer PD duration and
lower diastolic blood pressure (P , 0.001, = 0.002, 0.018, and 0.007, respectively). Serum
albumin level (P , 0.001) and residual renal Kt/V value (P , 0.001) were significantly lower,
but the serum C-reactive protein level (P = 0.005) was significantly higher, in PAD patients
compared with non-PAD patients. Logistic regression analysis showed that serum albumin level
(odds ratio = 1.485, P = 0.040) and residual renal Kt/V value (odds ratio = 1.725, P = 0.016)
were independently associated with PAD.
Conclusion: A high prevalence of PAD appeared among elderly PD patients in Macao. Serum
albumin level and residual renal Kt/V value were independently related to PAD.
Keywords: ankle-brachial index, atherosclerosis, elderly, peripheral artery disease, peritoneal
dialysis

Rapid growth of the elderly peritoneal dialysis (PD) population is posing a special
challenge for renal teams. According to the US Renal Data System (USRDS) and
Hong Kong Renal Registry reports, the mean age for incident PD patients is older than
60 years and has continued to increase gradually during the past decade.1,2 Moreover,
the cumulative 1- and 5-year patient survival rates among PD patients over 65 years old
are obviously lower compared with those younger than 65 years old.2 Cardiovascular
disease (CVD) remains the leading cause of mortality and morbidity among patients
on chronic dialysis.3
Peripheral artery disease (PAD), characterized as a chronic developing atherosclerosis in the peripheral arteries, is common in end-stage renal disease (ESRD)
patients.4 Recently, the USRDS reported an approximately 22% prevalence of PAD
among incident PD patients in 2008. Measurement of ankle-brachial index (ABI) has
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been established to be reliable for diagnosing PAD in both
the general population and dialysis patients.5 In addition,
PAD or a low ABI (,0.9) has been reported to be a powerful independent predictor of cardiovascular and all-cause
mortality in hemodialysis patients.6,7 Furthermore, a couple
of studies have also shown that advanced age, longer duration
of dialysis, diabetes, increased pulse pressure, and decreased
serum albumin level were independent predictors of PAD in
hemodialysis patients.8,9 However, the prevalence and associated risk factors for PAD in chronic PD patients, especially
the elderly population, have not yet been fully investigated.
Therefore, this present cross-sectional study aims to evaluate the associated risk factors for PAD among elderly PD
patients in Macao.

Methods
Study design and patients
Centro Hospitalar Conde de São Januário, the only government hospital, is responsible for all of the PD patients in
Macao. We retrospectively studied all chronic PD patients
(n = 115) in our center in this cross-sectional study from
June 1, 2010 to June 31, 2010. Finally, 69 chronic PD
patients were included. All patients fulfilled the inclusion
criteria of PD treatment time . 3 months prior to enrollment and age older than 60 years. Exclusion criteria were:
(1) presence of clinically overt congestive heart failure (New
York Heart Association class III–IV); (2) peritonitis less than
1 month before the study; and (3) persistent hypotension
despite pharmacological therapy (defined as systolic blood
pressure [SBP] ,90 mmHg or diastolic blood pressure
[DBP] ,60 mmHg). Patients with atrial fibrillation were
excluded due to the technical limitations inherent with ABI
measurement. On enrollment, demographic and clinical data
were collected, including age, sex, height, weight, blood
pressure, presence of diabetes mellitus, smoking history,
medication history, and etiology of ESRD. Of the 69 patients,
29 were using low–glucose degradation product (GDP)
peritoneal dialysis fluid (PDF). The Charlson comorbidity index (CCI) was scored as described by Beddhu et al.10
Hyperlipidemia was defined according to Adult Treatment
Panel III criteria or use of statins. This study was approved
by the ethical committee of Centro Hospitalar Conde de São
Januário, and written informed consent was obtained from
all patients.

Biochemical analysis
Laboratory parameters used were the most recent ABI
measurement. Fasting blood samples were collected in
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the morning. Measurements were performed using routing
laboratory methods for such serum parameters as creatinine,
calcium, phosphate, albumin, lipid profile, hematocrit, and
hemoglobin. Serum C-reactive protein (CRP) was measured
by a high-sensitivity commercial assay. Serum intact parathyroid hormone (iPTH) was measured by Nichols immunoradiometric assay. Blood, urine, and dialysate samples
were collected in order to calculate both total and residual
renal weekly Kt/V.

ABI measurement
The ABI was measured using a VP-1000 vascular profiler
(Nippon Colin, Komaki, Japan) in PD patients with empty
abdomen after drainage of dialysate and at least 15 minutes’
supine rest. ABI is used as a PAD marker due to ease of
measurement, reproducibility, and validity in previous
studies.11 Briefly, the ABI was automatically calculated as the
ratio of ankle SBP to brachial SBP for each side, and the lower
value was used for analysis. All the ABI measurements were
performed by one experienced operator. PAD was defined as
either an ABI , 0.9 or a history of intermittent claudication,
lower-limb amputation, foot ulcers, or gangrene.

Statistical analysis
Continuous variables with normal distribution are expressed
as means ± standard deviation, while those without normal
distribution (including the CCI score, the serum triglycerides
level, serum CRP level, and serum iPTH level) are shown as
median and interquartile range. Comparisons between the two
groups were done by Student’s t-test or χ2 test. Nonparametric
data were compared using the Mann–Whitney U test. A stepwise binary logistic regression analysis was used to assess
the independently associated factors for PAD. Because of the
skewed distribution, CRP was logarithmically transformed
for analysis. A two-tailed P , 0.05 was considered statistically significant. All statistical analyses were performed
using the SPSS statistical software 17.0 for Windows (IBM,
Armonk, NY).

Results
Patient characteristics and comparisons
between the PAD and non-PAD groups
A total of 69 elderly PD patients (37 female/32 male) were
finally included. The causes of ESRD were diabetes mellitus
(n = 28), chronic glomerulonephritis (n = 20), essential hypertension or ischemic nephropathy (n = 20), and obstructive
nephropathy (n = 1). The mean ABI value was 0.97 ± 0.20.
The overall prevalence of PAD was 31.9% in enrolled
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elderly PD patients, including four patients with lower-limb
amputation, three patients with intermittent claudication, and
two patients with foot ulcers or gangrene. Table 1 shows the
demographic and clinical characteristics of enrolled elderly
PD patients and the comparisons between PAD and non-PAD
patients. Compared with non-PAD patients, PAD patients
were significantly older (P , 0.001) and more likely to be
female and to have a longer PD duration and a lower DBP
(P = 0.002, 0.018, and 0.007, respectively). Table 2 shows
the laboratory parameters of enrolled PD patients and the
comparisons between two subgroup patients. Serum albumin
level (P , 0.001) and residual renal Kt/V value (P , 0.001)
were significantly lower, but the serum CRP level (P = 0.005)
was significantly higher, in PAD patients compared with
non-PAD patients. However, no significant differences were
found in CCI, SBP, pulse pressure, body mass index, smoking history, prevalence of diabetes, previous history of CVD,
use of low-GDP PDF or renin–angiotensin system inhibitors,
total Kt/V, serum phosphate and iPTH levels between two
groups (all P . 0.05).

Multivariate logistic regression analysis of
independently associated factors for PAD
In order to identify the independently associated factors for
PAD, age, sex, PD duration, DBP, serum albumin level,
lnCRP, DM status, hyperlipidemia, and residual renal
Kt/V value were selected for binary logistic regression
analysis. As listed in Table 3, serum albumin level (odds
ratio [OR] = 1.485; P = 0.040; 95% confidence interval,

1.003–2.710) and residual renal Kt/V value (OR = 1.725;
P = 0.016; 95% confidence interval, 1.108–2.686) were found
to be independently associated with PAD. Additionally, age
was found to be a protective factor against PAD (OR = 0.794;
P = 0.046; 95% confidence interval, 0.634–0.996).

Discussion
The present study investigated the prevalence of PAD and its
associated risk factors among elderly PD patients in Macau.
We found that prevalence was 31.9% in this specified aging
PD patient population. However, it was much higher than the
prevalence reported by previous studies in community-based
populations (10.5%) and general PD patients (27.4%).12,13
Meanwhile, our findings also indicated that serum albumin
level and residual renal Kt/V value were independently
associated with PAD in elderly PD patients.
Although PD has been recognized as a successful method
of choice for elderly ESRD patients, especially those with
impaired cardiac function and difficult vascular access,
numerous available studies have shown that advanced age
is associated with shorter survival on PD.2,14 Nevertheless,
survival data from these studies need to be interpreted with
caution, due to different dialysis policies and sociodemographic and clinical characteristics between centers and
between countries.15 Nutritional status, late referral, and
functional dependency were suggested as independent predictors of death in the elderly PD patients.16 Furthermore,
CVD is the leading cause of hospitalization and mortality in
elderly PD patients.14

Table 1 Demographic and clinical characteristics of study population and comparisons between subgroups
Variables

Total (n = 69)

PAD group (n = 22)

Non-PAD group (n = 47)

P-value

Age (years)
Female sex
CCI (score)
PD duration (months)
SBP (mmHg)
DBP (mmHg)
PP (mmHg)
BMI (kg/m2)
Dose of erythropoietin (U/kg/week)
RAS-inhibitor use
Hyperlipidemia
Low-GDP PDF use
Previous CVD history
Diabetes mellitus
Ever-smokers
ABI

71.84 ± 8.47
53.6%
5.0 (3.0, 9.0)
42.00 ± 27.30
133.96 ± 20.53
73.65 ± 14.64
60.30 ± 16.07
24.28 ± 3.62
122.47 ± 94.49
56.5%
43.5%
42.0%
36.3%
39.1%
18.8%
0.97 ± 0.20

78.41 ± 5.70
77.3%
6.0 (4.0, 8.0)
59.23 ± 32.56
127.77 ± 20.15
66.86 ± 16.72
60.91 ± 18.82
24.87 ± 4.24
122.17 ± 97.71
40.9%
40.9%
45.5%
39.5%
36.4%
18.2%
0.73 ± 0.14

68.77 ± 7.81
42.6%
5.0 (3.0, 9.0)
33.94 ± 20.23
136.85 ± 20.27
76.83 ± 12.53
60.02 ± 14.83
24.01 ± 3.31
122.61 ± 94.02
63.8%
44.7%
40.4%
34.6%
40.4%
19.1
1.08 ± 0.10

,0.001
0.007
0.227
0.002
0.087
0.018
0.832
0.362
0.986
0.073
0.768
0.693
0.218
0.747
0.924
,0.001

Abbreviations: PAD, peripheral artery disease; CCI, Charlson comorbidity index; PD, peritoneal dialysis; SBP, systolic blood pressure; DBP, diastolic blood pressure;
PP, pulse pressure; BMI, body mass index; RAS, renin–angiotensin system; GDP, glucose degradation product; PDF, peritoneal dialysis fluid; CVD, cardiovascular disease;
ABI, ankle-brachial index.
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Table 2 Laboratory parameters of study population and comparisons between subgroups
Variables

Total (n = 69)

PAD group (n = 22)

Non-PAD group (n = 47)

P-value

Serum albumin (g/L)
Cholesterol (mmol/L)
Triglycerides (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Hemoglobin (g/dL)
Hematocrit (%)
C-reactive protein (mg/L)
Calcium (mmol/L)
Phosphate (mmol/L)
Calcium-phosphate product ([mmol/L]2)
Intact PTH (pg/mL)
Kt/V (total)
Kt/V (PD)
Kt/V (renal)

38.28 ± 5.19
4.90 ± 1.22
2.00 (0.59, 8.70)
2.76 ± 1.17
1.20 ± 0.35
11.24 ± 1.40
32.94 ± 4.08
0.49 (0.10, 15.70)
2.41 ± 0.25
1.48 ± 0.41
3.55 ± 1.00
299.00 (17.20, 1761.00)
2.13 ± 0.42
1.73 ± 0.40
0.49 ± 0.40

33.50 ± 5.06
4.73 ± 0.85
2.08 (1.01, 8.70)
2.69 ± 0.92
1.11 ± 0.33
10.95 ± 1.33
32.15 ± 3.81
0.80 (0.10, 15.70)
2.46 ± 0.35
1.35 ± 0.40
3.29 ± 1.00
245.10 (32.20, 1761.00)
1.98 ± 0.34
1.84 ± 0.30
0.18 ± 0.09

40.51 ± 3.48
4.97 ± 1.36
1.94 (0.59, 5.56)
2.79 ± 1.28
1.24 ± 0.35
11.38 ± 1.42
33.31 ± 4.19
0.24 (0.10, 5.94)
2.39 ± 0.19
1.53 ± 0.40
3.67 ± 0.98
313.40 (17.20, 1486.00)
2.19 ± 0.45
1.68 ± 0.43
0.54 ± 0.53

,0.001
0.449
0.479
0.737
0.141
0.233
0.271
0.005
0.403
0.074
0.143
0.898
0.052
0.107
,0.001

Abbreviations: PAD, peripheral artery disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; PTH, parathyroid hormone; PD, peritoneal dialysis.

Atherosclerosis has taken on great importance in the
pathophysiology of CVD. As a systemic disease, atherosclerosis in the peripheral arteries is a chronic, slowly
developing condition causing narrowing of the arteries. In
the present study, it is not surprising that PD duration was
found to be longer in PAD patients. Measurement of ABI
using the Doppler technique is a simple, noninvasive, and
reliable method for detecting PAD. An ABI of ,0.9 has
95% sensitivity and almost 100% specificity in confirming
angiogram-positive PAD in apparently healthy populations.17
Consistent with a previous report,13 our study also indicated
that ABI measurement may contribute to the identification
of many cases with clinical, unrecognized PAD.
Interestingly, we found PAD was more likely in elderly
female patients. The exact mechanism for this sex difference
remains unclear. Since all the women in our study were postmenopausal, it seemed sex-hormone levels might not have
contributed to the sex difference in elderly PD patients. In
addition, we also found that DBP was significantly lower

in PAD patients. It is worth noting that the mean DBP was
only 66.86 mmHg, which was a little lower according to the
general target level, in our studied patient group. The presence of a negative correlation between DBP and the presence
and extent of atherosclerosis in the general population has
been previously reported.18 Moreover, lower DBP has also
been identified as an independent factor of cardiovascular
morbidity and mortality in ESRD patients.19 However, the
exact pathophysiologic mechanisms for low DBP to precipitate the occurrence of atherosclerotic events are still poorly
understood. Moreover, a reversed epidemiology on relationship between BP and survival rate has also been found in
dialysis patients.20
Available evidence has demonstrated that malnutrition
is more frequent in elderly than in younger PD patients.14,21
Several factors may contribute to anorexia and malnutrition in
elderly PD patients, including abdominal fullness, inadequate
energy intake, social and psychological factors, comorbidity, dialytic losses of protein or amino acids, and infection.22

Table 3 Multiple logistic regression analysis of factors associated with PAD
Variables

B

SE

Wald

P

OR

95% CI for OR

Constant
Age (per year)
Kt/Vrenal (per 0.1 unit)
Serum albumin (per 1 g/L)
Female (yes vs no)
PD duration (per month)
DM (yes vs no)
Hyperlipidemia (yes vs no)
lnCRP (per unit)
DBP (per 1 mmHg)

-3.766
0.230
-0.545
-0.395
0.234
0.002
2.739
1.765
1.487
0.082

11.805
0.115
0.226
0.200
1.405
0.028
1.734
1.409
0.823
0.054

0.102
3.970
5.835
3.892
0.028
0.004
2.494
1.569
3.268
2.312

0.750
0.046
0.016
0.040
0.868
0.951
0.114
0.210
0.071
0.128

0.023
0.794
1.725
1.485
0.791
1.002
0.065
0.171
0.226
1.086

0.634–0.996
1.108–2.686
1.003–2.710
0.050–12.432
0.949–1.058
0.002–1.935
0.011–2.710
0.045–1.134
0.976–1.208

Abbreviations: PAD, peripheral artery disease; PD, peritoneal dialysis; DM, diabetes mellitus; InCRP, log C-reactive protein; DBP, diastolic blood pressure; CI, confidence
interval; OR, odds ratio; B, regression coefficient Beta; SE, standard error; Wald, Wald value; P, p value.
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Although the precise mechanisms remain unknown,
hypoalbuminemia is found to be an independent predictor
of increased CVD and mortality in dialysis patients.23 In
the present study, we showed that serum albumin level was
independently associated with PAD in elderly PD patients. It
has been suggested that increased oxidative stress, micro- or
clinical systemic inflammation, and endothelial dysfunction
may play an important role in accelerating the atherosclerosis
process in PD patients.24,25 Additionally, it is well known that
malnutrition–inflammation–atherosclerosis syndrome is common in chronic PD patients. Local inflammatory mediators
such as proatherogenic adhesion molecules, chemokines, and
growth factors may induce the synthesis of acute-phase proteins (for example, CRP) and inhibit the hepatic generation
of albumin.23 We found that the CRP level was significantly
higher in elderly patients with PAD than those without PAD,
but a difference of 0.56 is more likely to reflect statistical
rather than clinical significance. Consistent with a previous
study,26 we had no direct evidence to link hypoalbuminemia
and the inflammatory process in our patients. Anyway, we
believe that inflammation might play a key role in the prevalence of PAD in elderly PD patients.
Residual renal function (RRF) has been clearly demonstrated to be related to all-cause mortality and risk of
cardiovascular death in PD patients.27 Recently, a reanalysis
of data from the CANUSA study clearly showed that the
predictive power for mortality is attributable to RRF and
not to PD dose.28 In the present study, residual renal Kt/V,
but not peritoneal Kt/V, was found to be independently
associated with PAD in elderly PD patients. Indeed, a recent
study reported that a low ABI was an independent predictor
for decline of RRF over time in PD patients.29 Apart from
better solute clearance and volume removal, better RRF
may also contribute to improvement of vascular endothelial
dysfunction and atherosclerosis, partly by decreased levels of
circulating inflammatory markers and free radicals, reduced
blood pressure, increased phosphorus removal, malnutrition,
and reduced left ventricular hypertrophy.30,31 The exact
mechanisms behind lower renal Kt/V being related to higher
prevalence of PAD remain unclear. However, a recent study
indicated that PAD may be rather an important marker of
CVD predicting the loss of residual renal function.32 Consequently, more effective therapeutic strategies are warranted
to preserve RRF in these elderly PD patients.
There are several limitations to the present study. Firstly,
although our findings have reflected the current PAD status
among elderly PD patients in Macao, it is a single-center
study that is limited in power by sample size. Secondly, many
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potential confounding factors have been assessed in the
present study; nonetheless, the existence of other unrecognized variables should not be neglected. Finally, because of
the technical limitations inherent with ABI measurement,
patients with atrial fibrillation were excluded. However, these
PD patients are generally at high risk for arterial stiffness.
In conclusion, the presented data clearly show that a high
prevalence of PAD appeared among elderly PD patients in
Macao. Serum albumin level and residual renal Kt/V value
were independently associated with PAD in elderly PD
patients. Whether strategies to correct the possible causes
of malnutrition and declining residual renal function might
reduce the incidence of PAD and improve the CVD outcome
in elderly PD patients needs further investigation.

Acknowledgments
This study was supported by a grant from the Science
and Technology Development Fund of Macao Special
Administrative Region (no 093-2011-A). Nursing staff of
the peritoneal dialysis center at Centro Hospitalar Conde
de São Januário are appreciated for their excellent technical
assistance.

Disclosure
The authors declare that they have no conflicts of interest.

References

1. United States Department of Health and Human Services, Public Health
Service, National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases, Division of Kidney, Urology, and
Hematologic Diseases. USRDS 2011 Annual Data Report: Atlas of EndStage Renal Disease in the United States. Bethesda: United States Renal
Data System; 2011.
2. Ho WY, Chau KF, Choy BY, et al. Hong Kong renal registry report
2010. Hong Kong J Nephrol. 2010;12(2):81–98.
3. Sidhu MS, Dellsperger KC. Cardiovascular problems in dialysis patients:
impact on survival. Adv Perit Dial. 2010;26:47–52.
4. O’Hare AM. Management of peripheral arterial disease in chronic kidney
disease. Cardiol Clin. 2005;23(3):225–236.
5. Leskinen Y, Salenius JP, Lehtimaki T, Huhtala H, Saha H. The prevalence
of peripheral arterial disease and medial arterial calcification in patients
with chronic renal failure: requirements for diagnostics. Am J Kidney
Dis. 2002;40(3):472–479.
6. Kato A, Takita T, Furuhashi M, Kumagai H, Hishida A. A small
reduction in the ankle-brachial index is associated with increased
mortality in patients on chronic hemodialysis. Nephron Clin Pract.
2010;114(1):c29–c37.
7. Ono K, Tsuchida A, Kawai H, et al. Ankle-brachial blood pressure index
predicts all-cause and cardiovascular mortality in hemodialysis patients.
J Am Soc Nephrol. 2003;14(6):1591–1598.
8. Chen SC, Su HM, Mai HC, et al. Associated risk factors for abnormal
ankle-brachial index in hemodialysis patients in a hospital. Kaohsiung
J Med Sci. 2008;24(9):473–480.
9. Liu JH, Chang CC, Wang SM, et al. Peripheral arterial disease and clinical risks in Taiwanese hemodialysis patients. Angiology. 2010;61(1):
66–73.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

585

Dovepress

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 34.236.190.216 on 19-Aug-2019
For personal use only.

Kuang et al
10. Beddhu S, Zeidel ML, Saul M, et al. The effects of comorbid conditions
on the outcomes of patients undergoing peritoneal dialysis. Am J Med.
2002;112(9):696–701.
11. Feigelson HS, Criqui MH, Fronek A, Langer RD, Molgaard CA.
Screening for peripheral arterial disease: the sensitivity, specificity,
and predictive value of noninvasive tests in a defined population. Am
J Epidemiol. 1994;140(6):526–534.
12. Carbayo JA, Divison JA, Escribano J, et al. Using ankle-brachial index
to detect peripheral arterial disease: prevalence and associated risk
factors in a random population sample. Nutr Metab Cardiovasc Dis.
2007;17(1):41–49.
13. Tian SL, Murphy M, Han QF, Lu XH, Wang T. Prevalence and risk
factors for peripheral artery disease among patients on maintenance
peritoneal dialysis. Blood Purif. 2010;30(1):50–55.
14. Dimkovic N, Oreopoulos DG. Chronic peritoneal dialysis in the elderly:
a review. Perit Dial Int. 2000;20(3):276–283.
15. Ho-dac-Pannekeet MM. PD in the elderly – a challenge for the (pre)
dialysis team. Nephrol Dial Transplant. 2006;21 Suppl 2:ii60–ii62.
16. Joly D, Anglicheau D, Alberti C, et al. Octogenarians reaching end-stage
renal disease: cohort study of decision-making and clinical outcomes.
J Am Soc Nephrol. 2003;14(4):1012–1021.
17. Carter SA. Indirect systolic pressures and pulse waves in arterial
occlusive diseases of the lower extremities. Circulation. 1968;37(4):
624–637.
18. Witteman JC, Grobbee DE, Valkenburg HA, et al. J-shaped relation between change in diastolic pressure and progression of aortic
atherosclerosis. Lancet. 1994;343(8896):504–507.
19. Iseki K, Miyasato F, Tokuyama K, et al. Low diastolic blood pressure,
hypoalbuminemia, and risk of death in cohort of chronic hemodialysis
patients. Kidney Int. 1997;51(4):1212–1217.
20. Stack AG, Bloembergen WE. Prevalence and clinical correlates of
coronary artery disease among new dialysis patients in the United States:
a cross-sectional study. J Am Soc Nephrol. 2001;12(7):1516–1523.
21. Issad B, Benevent D, Allounache M, et al. 213 Elderly uremic patients
over 75 years of age treated with long-term peritoneal dialysis: a French
multicenter study. Perit Dial Int. 1996;16 Suppl 1:S414–S418.

22. Bergstrom J, Lindholm B. Malnutrition, cardiac disease, and mortality:
an integrated point of view. Am J Kidney Dis. 1998;32(5):834–841.
23. Krediet RT, Balafa O. Cardiovascular risk in the peritoneal dialysis
patient. Nat Rev Nephrol. 2010;6(8):451–460.
24. Danielski M, Ikizler TA, McMonagle E, et al. Linkage of hypoalbuminemia, inflammation, and oxidative stress in patients receiving maintenance hemodialysis therapy. Am J Kidney Dis. 2003;42(2):286–294.
25. Akdag I, Yilmaz Y, Kahvecioglu S, et al. Clinical value of the
malnutrition-inflammation-atherosclerosis syndrome for long-term
prediction of cardiovascular mortality in patients with end-stage renal
disease: a 5-year prospective study. Nephron Clin Pract. 2008;108(2):
c99–c105.
26. Liu JH, Lin HH, Yang YF, et al. Subclinical peripheral artery disease
in patients undergoing peritoneal dialysis: risk factors and outcome.
Perit Dial Int. 2009;29(1):64–71.
27. Perl J, Bargman JM. The importance of residual kidney function for
patients on dialysis: a critical review. Am J Kidney Dis. 2009;53(6):
1068–1081.
28. Bargman JM, Thorpe KE, Churchill DN; CANUSA Peritoneal Dialysis
Study Group. Relative contribution of residual renal function and peritoneal clearance to adequacy of dialysis: a reanalysis of the CANUSA
study. J Am Soc Nephrol. 2001;12(10):2158–2162.
29. Liu JH, Wang SM, Chen CC, et al. Relation of ankle-brachial index
to the rate of decline of residual renal function in peritoneal dialysis
patients. Nephrology. 2011;16(2):187–193.
30. Marron B, Remon C, Perez-Fontan M, Quiros P, Ortiz A. Benefits of
preserving residual renal function in peritoneal dialysis. Kidney Int.
2008;73 Suppl 108:S42–S51.
31. Wang AY. The heart of peritoneal dialysis. Perit Dial Int. 2007;27 Suppl 2:
S228–S232.
32. Tian SL, Tian XK, Han QF, et al. Presence of peripheral arterial disease
predicts loss of residual renal function in incident CAPD patients. Perit
Dial Int. 2012;32(1):67–72.

Dovepress

Vascular Health and Risk Management

Publish your work in this journal
Vascular Health and Risk Management is an international, peerreviewed journal of therapeutics and risk management, focusing on
concise rapid reporting of clinical studies on the processes involved
in the maintenance of vascular health; the monitoring, prevention and
treatment of vascular disease and its sequelae; and the involvement of

metabolic disorders, particularly diabetes. This journal is indexed on
PubMed Central and MedLine. The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/vascular-health-and-risk-management-journal

586

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Vascular Health and Risk Management 2012:8

