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Abstract

Background—Few reports have shown an association between access type and inflammatory 

markers in a longitudinal cohort. We investigated the role of access type on serial inflammatory 

markers and the role of inflammatory markers in mediating the association of access type and the 

risk of mortality in a prospective study of incident dialysis patients.

Study Design—Cohort study, post-hoc analysis of Choices for Healthy Outcomes in Caring for 

ESRD (CHOICE) Study.

Setting & Participants—In 583 participants, inflammation was assessed by measuring serum 

C-reactive protein (CRP) and interleukin 6 (IL-6) after access placement and at multiple time 
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points during 3 years’ follow-up. Type of access was categorized as central venous catheter 

(CVC), arteriovenous graft (AVG), and arteriovenous fistula (AVF) and changes over time were 

recorded.

Predictor—Access type, age, gender, race, body mass index, diabetes, cardiovascular disease, 

serum albumin.

Outcomes—CRP, IL-6, and mortality

Measurements—We used mixed-effects pattern mixture (MEPM) models to study the 

association between access type and repeated measures of inflammation and survival analysis to 

investigate the association of access type and mortality, adjusting for predictors.

Results—In a MEPM model, compared to AVF, the presence of a CVC and an AVG were 

associated with 62% (p=0.02) and 30% (p=0.05) increase in the average CRP levels, respectively. 

Cox proportional hazards model yielded non-significant associations of CVC and AVG use (vs. 

AVF) with the risk of mortality when adjusted for inflammatory markers. Higher levels of CRP 

were associated with increased risk of CVC failure than lower levels of CRP.

Limitations—CRP, IL-6 measurements not performed for all hemodialysis patients.

Conclusions—CVCs, compared to AVFs, are associated with a greater state of inflammation in 

incident hemodialysis patients and the association of catheter use and mortality may be mediated 

by access-induced inflammation. Our findings support recommendations for the early removal or 

avoidance of CVC placements.

Keywords

Cox proportional hazard model; C-reactive protein (CRP); interleukin 6 (IL-6); hemodialysis; 
mixed effects model; vascular access type; access failure; inflammation; central venous catheter 
(CVC); biomarker; access patency; end-stage renal disease (ESRD)

The long-term hemodialysis population is greatly burdened by vascular access 

complications. In incident hemodialysis patients, the access type at initiation of 

hemodialysis has been associated with different outcomes. The National Kidney 

Foundation-Dialysis Outcomes Quality Initiative (NKF-KDOQI) clinical practice guideline 

for vascular access recommends the use of arteriovenous (AV) accesses for hemodialysis 

and to avoid the use of a central venous catheter (CVC).1 Among AV accesses, an 

arteriovenous fistula (AVF) provides better outcomes when compared with an arteriovenous 

graft (AVG).2

Vascular access for hemodialysis through a CVC is associated with an increased risk of 

acute infection, thrombosis, septicemia, central venous stenosis, shorter access survival, and 

inadequate dialysis.1,3–7 Central venous catheters are particularly associated with increased 

rates of infection, such as bacteremia, endocarditis, and osteomyelitis versus other access 

types.8 In addition to the type of access, there are other causes that can induce inflammation 

in dialysis patients. Prior literature has shown evidence of a clotted, non-functioning AVG 

being a frequent harbinger of infection.9,10 Further, the existence of a failed allograft is 

associated with predictors of poor outcomes in patients receiving dialysis. These 
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abnormalities might be explained by inadequate predialysis care but could also indicate 

chronic inflammation, which is a major mortality risk factor in the dialysis population.11,12

Access type can change over time in individual patients, but the majority of studies on 

access and outcomes base access type assignment on a cross-sectional ascertainment at one 

point in time.13–16 Previous observational studies have noted a high prevalence of 

inflammation in patients using a catheter as an access for dialysis.17 There are limited data 

on long-term serial changes in inflammatory markers and their relationship to the access 

type in hemodialysis patients, and the contribution of access type to the inflammatory status 

of hemodialysis patients is not well described.18,19 Moreover, studies have shown a higher 

risk of mortality associated with catheter use. The question of whether mortality due to 

catheter use could be mediated by inflammation has not been addressed in previous studies. 

In addition, some studies have identified C-reactive protein (CRP) as a risk factor for 

development of access thrombosis.20,21 Thrombosis due to disproportionate intimal 

hyperplasia causes, by far, most AVF failure.22 Based on these observations, we 

hypothesized that the CRP levels may be associated with access type failure. To address 

these issues, we studied i) the association between access type and inflammation assessed by 

CRP and interleukin 6 (IL-6); ii) whether the inflammatory markers mediate the association 

of access type with risk of mortality; and iii) the association of access patency by 

inflammatory markers, in well characterized cohort of incident hemodialysis patients.

Methods

Study Design and Population

The study participants were dialysis patients who participated in the Choices for Healthy 

Outcomes in Caring for ESRD (CHOICE) Study. The CHOICE Study is a national, 

prospective cohort study of incident hemodialysis and peritoneal dialysis patients with the 

goal of investigating treatment choices (i.e modality), dialysis dose and outcomes of dialysis 

care. A total of 1,041 dialysis patients were recruited from across the United States from 

October 1995 through June 1998 at a median of 45 days after the initiation of dialysis 

therapy. These patients were aged 18 years or older, initiating outpatient dialysis, provided 

informed consent, spoke English or Spanish, and were without previous history of kidney 

transplantation. Study participants were enrolled from 81 dialysis clinics associated with 

Dialysis Clinic, Inc (DCI, Nashville, TN), New Haven CAPD (New Haven, CT), and St. 

Raphael’s Hospital (New Haven, CT). A specimen bank was established for the DCI 

participants of the CHOICE Study. Non-fasting, pre-dialysis blood specimens were 

centrifuged at 2500–3000 rpm for 15 minutes within 30–45 minutes of blood collection. 

Separated and refrigerated specimens were then mailed overnight on ice to the DCI Central 

Laboratory until they were thawed (1 thaw cycle) for analysis. Each blood collection was 

aliquoted into multiple vials and stored at −80°C.23

The present study includes participants treated with hemodialysis as their initial renal 

replacement modality with three dialysis treatments in a week and who had access 

information available (N=739). Of these, serum samples were available for 604 (81.7%) 

participants. Markers of inflammation (CRP and IL-6) were measured for 583 participants 

with available serum in the specimen bank within a median of 4.8 (interquartile range, 3.6–
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8.1) months from initiation of dialysis, and then subsequently during the first 3 years of 

dialysis within an average interval between two successive measurements of 4 months. The 

specimens were not collected at the time of fistula creation or catheter insertion. We 

accounted for changes in access type over time and the corresponding access type was 

determined for each available period of cytokine measurement.

Exposure Assessment

The primary exposure of interest was the type of stable access (i.e. CVC, AVG, or AVF) 

being used at the time inflammatory markers were measured. A stable access implied that 

the same access was in use for at least 30 days prior to blood testing.

Measurement of Inflammatory Markers

Serum high-sensitivity CRP, an acute-phase protein, was measured by using a colorimetric 

competitive enzyme-linked immunosorbent assay (ELISA; coefficient of variation of 8.9%). 

The central proinflammatory cytokine IL-6 was measured in serum by an ultrasensitive 

ELISA method (coefficient of variation of 7%).

Mortality Ascertainment

The observation period for each participant began at enrollment and continued until Dec 31, 

2004. Mortality events were ascertained from clinic reports, medical records, and Center for 

Medicare & Medicaid Services. The participants who underwent kidney transplantation or 

no longer had access information available were censored.

Evaluation of Access Patency

Access information was obtained through review of discharge summaries, dialysis flow 

sheets, and dialysis clinic progress notes, as described elsewhere.24 Permanent access failure 

was defined as the need for a surgical intervention to replace poorly or non-functioning 

fistula or graft. Catheter failure was defined as the need for placement of another catheter.

Other Covariates

Other potential confounders included age, gender, race (self-reported, categorized as 

African-American, White or other), history of diabetes, history of peripheral vascular 

disease, history of cardiovascular disease, smoking history (current, past or never), body-

mass index, serum albumin, and comorbidity. Comorbidity was assessed at baseline using 

the Index of Coexistent Disease (ICED), which is a validated 4-level scale of comorbidity 

that incorporates measures of both disease severity and physical impairment.25 The ICED 

scores were categorized as mild (0 or 1), moderate (2), or severe (3). These covariates were 

measured at baseline and were not time-varying.

Statistical Analyses

The characteristics of patients using each type of access at initiation of hemodialysis were 

compared using one-way ANOVA for continuous variables and χ2 tests for categorical 

variables. Baseline characteristics among patients included in the study were compared to 

those who were excluded.
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The association of access type and level of inflammation determined by CRP and IL-6 was 

investigated using mixed-effects pattern mixture (MEPM) models for repeated measures26, 

with adjustment for the potential covariates. The MEPM model used the indicator variable 

for death as the missing pattern. The adjusted models take into account every cytokine 

measurement and the corresponding access type for each available period. To explore the 

effect of time-varying access type associated with changes of CRP and IL-6 levels, we 

adjusted the model for previous CRP and IL-6 levels. Both CRP and IL-6 were log-

transformed for the analysis due to their right skewed distribution. In terms of percent 

change, the expected percent increase in the geometric mean of the outcome variable is 

100*(eβ1 − 1) percent for a 1-unit increase in the independent variable while all other 

variables in the model are held constant (see Item S1, available as online supplementary 

material).

Stratified analysis by the access type was carried out to examine the effect of time (number 

of days) after access placement on level of inflammatory markers in patients who had 

complete measures of CRP and IL-6 at least until 6 months. Mixed models were used to 

derive the percent changes in the inflammatory markers over time associated with the 

baseline access. The reference category considered for this analysis was >180 days, since the 

inflammation state was highest within 6 months of the access insertion in the hemodialysis 

patients.

The association of access type and mortality was investigated using multivariable Cox 

proportional hazards model, with the access type in use treated as a time-dependent variable. 

These analyses included each access used for at least one dialysis session. Survival time was 

calculated from the date of first use of the access to the date of death, loss to follow-up, or 

the last observation date.

Cumulative probability curves using Kaplan Meier plots were constructed to examine the 

association of CRP levels with patency of the CVC within the first year from the initiation 

of dialysis. We used Cox proportional hazard models to assess the strength of associations 

between varying levels of CRP and access failure. The proportionality assumption was 

tested using Schoenfeld residuals.

We conducted additional analyses using generalized estimating equations with dichotomous 

responses to relate the odds of changing from a catheter to an AVF to changes in CRP levels 

during the preceding 6 months, controlling for baseline covariates.

Sensitivity analyses were performed to test the robustness of our findings on patients with 

minimal comorbidity (ICED score, 0 or 1) to minimize confounding by comorbid disease 

status.

In all analyses, the possibility of confounding by dialysis clinic was controlled with fixed-

effects modeling, clustered on clinic, which accounted for within-clinic correlation and 

between-clinic differences in outcomes.27 All analyses were performed using SAS 9.3 (SAS 

Institute Inc. Cary, NC).
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Results

Study Participants

A total of 583 incident hemodialysis patients were included. The remaining 156 excluded 

patients were similar to included patients in terms of their socio-demographic and clinical 

characteristics (see Table S1). Median follow-up for our study population was 3.0 years 

(range, 4 months to 9.5 years). The baseline patient demographic and laboratory data are 

provided in Table 1. The number of patients in each access group was as follows: AVF, 159 

(27.3%); AVG, 235 (40.3%); CVC, 189 (32.4%). Those in the AVF group were more likely 

to be younger, male, and have less comorbidity when compared with the AVG and CVC 

groups. There were no other significant between-group differences in baseline demographics 

and laboratory values.

Since we did not have the information on the cause for failure of the access during the study 

period, we considered a sub-cohort of patients in whom dialysis was initiated using their 

initial access. After 3 months of follow-up, the mean levels of CRP and IL-6 after 3 months 

were 17.1 mg/L and 16.1 pg/mL in the CVC group, 15.1 mg/L and 10.9 pg/mL in the AVG 

group, and 10.4 mg/L and 6.8 pg/mL in the AVF, respectively. We further followed this 

subcohort to 8 months and estimated the mean levels of the inflammatory markers. Mean 

levels of CRP and IL-6 were 15.8 mg/L and 11.6 pg/mL in the CVC group, 14.2 mg/L and 

10.1 pg/mL in the AVG group, and 10.2 mg/L and 7.9 pg/mL in the AVF group, 

respectively.

Association of Vascular Access and Inflammatory Markers

In multivariable analyses, the difference in average CRP levels across time was 62% higher 

in the CVC (p=0.02) than the AVF group (Table 2). An AVG compared to an AVF showed 

a 30% increase in average CRP levels (p=0.05). We did not observe any statistically 

significant difference in average IL-6 levels across time between CVC and AVF and an 

AVG and AVF. Furthermore, there was a 24% decrease in average CRP levels between 

CVC and AVF survivors while the average CRP levels were 39% higher for AVG compared 

to AVF survivors (P>0.05 for all values). Although the average IL-6 levels were higher for 

both CVC and AVG survivors than AVF survivors, the association was not statistically 

significant (P=0.3 and 0.2, respectively).

During the study, change from a CVC to an AVF after at least 6 months of dialysis with a 

CVC occurred on 46 occasions. We observed a significant decrease in the CRP levels when 

there was a change from a CVC to an AVF (odds ratio, 1.43; 95% confidence interval [CI], 

1.15–1.68).

Stratified analysis showed that CRP levels decreased over time in cases of AVF with the 

highest inflammatory state 30 days after access placement when compared with the markers 

over 180 days, but did not reach statistical significance (Figure 1). There was a decrease in 

IL-6 levels over time as well, which did not reach statistical significance when compared 

with the markers over 180 days (Figure 2). On the other hand, an increase in CRP levels 

within 60 days was observed after CVC placement when compared with markers over 180 
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days (p=0.02). We again did not observe any significant change in the levels of IL-6 over 

time in patients with CVCs.

Effect of Inflammatory Markers on Risk of Mortality by Access Type

Both CVC and AVG use remained associated with higher mortality after adjustment for the 

potential confounders such as age, gender, race, peripheral vascular disease, cardiovascular 

disease, diabetes, body mass index, ICED score, smoking status, and timing of first referral 

to a nephrologist (Table 3). On further adjustment for the inflammatory markers of CRP and 

IL-6, the hazard ratio for the association of CVC or AVG use and mortality was attenuated 

and did not reach statistical significance (hazard ratios of 1.27 [95% CI, 0.92–1.83; P=0.07] 

and 1.17 [95% CI, 0.60–1.83; P=0.07], respectively; Table 3).

Association of Access Patency by Inflammatory Markers

Among patients who had a CVC as the primary access type from initiation of dialysis, the 

cumulative probability plot illustrates that the highest tertile of CRP showed greater catheter 

failure rate than the lowest tertile of CRP (p=0.03, Figure 3). Table 4 shows higher levels of 

CRP were associated with increased risk of CVC failure than lower levels of CRP, while no 

significant association was observed between the varying levels of CRP and arteriovenous 

access failure.

Sensitivity Analyses

After restricting the cohort to patients with an ICED score of 0 or 1 (n=170) to reduce 

confounding by comorbid disease status, we found significant difference in the average CRP 

levels in the CVC compared to the AVF groups (percent change, 29.9%; p=0.05). The 

average CRP levels across time were 9.8% lower when an AVG was compared to an AVF 

(p=0.4). We did not observe any significant difference in the average IL-6 levels both in the 

CVC (percent change, 4.8%; p=0.2) and AVG (percent change, 3.1%; p=0.15) groups 

compared to the AVF group.

Discussion

In this study, we found that CVCs in comparison to AVFs displayed greater states of 

inflammation as determined by 62% higher average CRP levels in patients who died than 

who survived. More inflammation was also associated with a 79% higher risk of CVC 

failure and the association of access type with mortality weakened when adjusted for 

inflammatory markers.

Our study corroborated the findings of previous studies28 that CVCs in comparison to 

fistulas have a greater state of inflammation defined by CRP levels in incident hemodialysis 

patients. This was further strengthened by our findings on the association of the 

inflammatory state after access insertion. We observed a transient state of inflammation with 

initial fistula insertion which weakened with time. Catheter insertion was associated with a 

heightened state of inflammation which persisted even after 60 days from insertion.
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We further investigated the association of change in CRP levels with change in type of 

access during the preceding 6-month interval. We observed that change from a CVC to an 

AVF was associated with decreased levels of CRP compared with patients who used CVCs 

at both times. Thus, this finding that change in CRP levels is associated with change in 

access type adds additional support to the body of the observational evidence suggesting that 

the catheter itself contributes to an increase in inflammatory markers in hemodialysis 

patients.

Hemodialysis patients frequently have increased levels of inflammatory markers, which then 

predict increased risk of death or cardiovascular events.29 Available evidence suggests that 

CRP is an objective measure of a patient’s inflammatory state and that it accurately reflects 

generation of pro-inflammatory cytokines, such as IL-6 and tumor necrosis factor α. Recent 

literature suggests that CVC use for dialysis access is associated with serological and 

cellular indices of inflammatory reaction.18,19 Moreover, a graded mortality risk, from both 

cardiovascular and infectious disease, according to access type, has been shown by large 

studies, and CVC use has been associated with the worst outcomes.13–15 Some of these 

studies were based on longitudinal follow-up data.30 In our study, we again found the use of 

a catheter to be associated with a high risk of death, an association that remained even after 

adjustment for several potential confounders (eg, timing of nephrology referral) and after 

accounting for changes in access type with time. However, on adjustment for the 

inflammatory markers of CRP and IL-6, we observed a loss of significance in the 

association of access type and mortality. These results suggest that the association between 

access type and mortality may also be indirect, as access type has been shown to be 

associated with increased inflammatory markers that may relate to the risk of death.5,28,31 It 

is possible that the presence of vascular access–induced inflammation may contribute to the 

excess mortality reported in patients using catheters and AVGs in the first months of 

hemodialysis. The significant direct relationship between CRP level and the likelihood of 

catheter use that we observed appears to support such a mechanism.

Access failure is a key cause of morbidity in hemodialysis patients.7 Previous studies have 

identified numerous risk factors for fistula failure; however they do not account for all of the 

variation in the AVF failures.32 In a retrospective analysis, Chou et al.33 identified CRP as 

an independent risk factor for fistula thrombosis. These investigators suggested that CRP 

strongly predicts access thrombosis events in long-term hemodialysis patients, possibly 

because CRP is a marker of intimal hyperplasia in AVF. Notably, although we detected a 

high inflammatory state 30 days after placement of AVF in the hemodialysis patients, the 

presence of the highest levels of CRP versus the lowest levels was not predictive of AV 

access failure, thus potentially resulting in less detrimental effects on survival as compared 

to that of a catheter. It appears that the greater inflammation observed in the patients with an 

AVF was transient and the patients perhaps had a prolonged time without thrombosis. 

However, the loss of catheter patency in hemodialysis patients may be a direct result of the 

significant state of inflammation that is observed after catheter insertion.

Our findings support the emphasis on early fistula placement and removal of CVCs in 

incident hemodialysis patients. Our results are in agreement with the findings from the US 

Renal Data System from 1995 to 1997 in incident patients older than 67 years, where a 70% 
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higher risk for 1-year mortality was found for patients who initially used a catheter and a 

16% higher risk for those who initially used an AVG, when compared with an AVF.15 The 

use of fistulas may be particularly beneficial with respect to decreasing the risk of 

inflammation. Our findings are also in agreement with previous observations of increased 

infection associated with catheter use. For patients in whom a catheter must be placed for 

hemodialysis, preventing infection is crucial for lowering mortality.

Our study adds to the previous reports that show an association between access type and 

inflammatory markers in a longitudinal cohort study with repeated measures of 

inflammation. The prospective collection of data and the national multi-center design, 

whereby characteristics were similar to the US dialysis population,34 also resulted in a well-

characterized, generalizable cohort of dialysis patients.

This study has some limitations that deserve mention. Not all hemodialysis patients had 

CRP and IL-6 measurements performed, thus introducing the potential for selection bias. 

However, there was no significant difference in the socio-demographic and clinical 

characteristics in the participants whom we included in our study and those excluded. Since 

this cohort was recruited from 1995 to 1998, it may not be sufficiently contemporary to 

allow us to make appropriate inferences about dialysis patients today. We lacked measures 

of other inflammatory markers, thus residual confounding could have limited our inferences. 

However, our sensitivity analysis on the restricted sub-cohort of the healthiest patients 

corroborated our previous findings. We also did not have information about whether a 

patient with an AVF still had a catheter in situ. This would bias against the fistula.

In summary, this study of incident hemodialysis patients revealed that the use of a CVC for 

access, when compared to an AVF, was significantly associated with the presence of an 

inflammatory state, as evidenced by elevations in CRP and IL-6. Although we found a 

significant association between catheter use and the risk of mortality, statistical significance 

was lost after adjusting the model for the inflammatory markers. These results suggest that 

the association of catheter use and mortality may be indirect, and it is possible that this 

association is mediated through access-induced inflammation. Evidence-based clinical 

practice guidelines recommend that hemodialysis catheter use should be restricted to only 

patients who have no other options for vascular access. Our results support this 

recommendation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Percent Change associated with C-Reactive Protein at time following insertion of central 

venous catheter and arteriovenous fistula. Upper and lower limits of the lines at each time 

point represent 95% confidence intervals.
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Figure 2. 
Percent Change associated with interleukin-6 at time following insertion of central venous 

catheter and arteriovenous fistula. Upper and lower limits of the lines at each time point 

represent 95% confidence intervals.

Banerjee et al. Page 13

Am J Kidney Dis. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3. 
Cumulative probability curve for central venous catheter failure rate in patients with varying 

CRP levels within the first year from dialysis initiation.

Banerjee et al. Page 14

Am J Kidney Dis. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Banerjee et al. Page 15

T
ab

le
 1

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 in
ci

de
nt

 h
em

od
ia

ly
si

s 
pa

tie
nt

s 
st

ra
tif

ie
d 

by
 v

as
cu

la
r 

ac
ce

ss
 ty

pe

C
ha

ra
ct

er
is

ti
c

T
ot

al
 (

N
=5

83
)

C
V

C
 (

n=
18

9)
A

V
G

 (
n=

23
5)

A
V

F
 (

n=
15

9)
P

#

A
ge

 a
t e

nr
ol

lm
en

t (
y)

58
.7

±
14

.6
57

.9
 ±

15
.2

60
.7

 ±
13

.7
56

.6
 ±

14
.7

0.
02

Fe
m

al
e 

se
x

44
.8

43
.2

55
.9

37
.8

<
0.

00
1

R
ac

e/
et

hn
ic

ity
0.

06

  African American












30

.1
28

.3
40

.4
24

.4

  White



65

.3
66

.8
57

.8
68

.9

  Other



4.

6
4.

9
1.

83
6.

7

B
M

I 
(k

g/
m

2 )
27

.5
±

7.
1

26
.6

 ±
7.

1
28

.5
 ±

7.
5

27
.2

 ±
6.

0
0.

07

Sm
ok

in
g

0.
09

  Current Use








16
.6

20
.6

12
.1

15
.7

  Past Use





42
.5

41
.7

48
.2

42
.6

  Never



40

.9
37

.7
39

.7
41

.7

D
ia

be
te

s
55

.4
55

.6
60

.4
47

.8
0.

4

PV
D

26
.6

26
.0

32
.1

21
.1

0.
7

C
V

D
48

.0
47

.2
46

.8
48

.9
0.

3

IC
E

D
 s

co
re

<
0.

00
1

  0 – 1



29

.2
24

.9
25

.7
44

.8

  2
38

.1
39

.7
38

.6
33

.6

  3
32

.8
35

.4
35

.7
21

.6

Se
ru

m
 a

lb
um

in
 (

g/
dL

)
3.

7 
[3

.4
–3

.9
]

3.
7 

[3
.4

–3
.9

]
3.

6 
[3

.4
–3

.8
]

3.
8 

[3
.5

–4
.0

]
0.

04

C
R

P 
(m

g/
L

)
7.

3 
[3

.0
–1

6.
9]

8.
1 

[3
.1

–1
8.

7]
6.

6 
[3

.5
–1

4.
1]

6.
5 

[2
.2

–1
6.

2]
0.

1

IL
-6

 (
pg

/m
L

)
6.

1 
[3

.6
–1

0.
8]

6.
2 

[3
.7

–1
1.

4]
6.

0 
[3

.8
–9

.9
]

5.
7 

[2
.9

–1
0.

4]
0.

07

N
ot

e:
 U

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d,
 v

al
ue

s 
fo

r 
ca

te
go

ri
ca

l v
ar

ia
bl

es
 a

re
 g

iv
en

 a
s 

pe
rc

en
ta

ge
s;

 v
al

ue
s 

fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
re

 g
iv

en
 a

s 
m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n 
or

 m
ed

ia
n 

[i
nt

er
qu

ar
til

e 
ra

ng
e]

.

A
V

G
, a

rt
er

io
ve

no
us

 g
ra

ft
; A

V
F,

 a
rt

er
io

ve
no

us
 f

is
tu

la
; B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 C

V
C

, c
en

tr
al

 v
en

ou
s 

ca
th

et
er

; C
V

D
, c

ar
di

ov
as

cu
la

r 
di

se
as

e;
 P

V
D

, p
er

ip
he

ra
l v

as
cu

la
r 

di
se

as
e;

 C
R

P,
 C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 I

L
-6

, 
In

te
rl

eu
ki

n 
6,

 I
C

E
D

, I
nd

ex
 o

f 
C

o-
ex

is
te

nt
 D

is
ea

se
.

# B
y 

A
N

O
V

A
 o

r 
ch

i-
sq

ua
re

 te
st

Am J Kidney Dis. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Banerjee et al. Page 16

Table 2

Difference in average percent change of CRP and IL-6 levels in mixed-effect pattern mixture model

Access type
CRP (mg/L) IL-6 (pg/mL)

% Change (95% CI) P % Change (95% CI) P

Central venous catheter +61.6 (4.1 to 182.9) 0.02 −10.5 (−30.4 to 9.40) 0.2

Arteriovenous graft +29.6 (−1.2 to 60.2) 0.05 −12.1 (−29.8 to 6.44) 0.2

Arteriovenous fistula 0 (reference) 0 (reference)

Note: n=583. Adjusted for age, gender, race, presence of diabetes, history of cardiovascular disease, history of peripheral vascular disease, body 
mass index, Index of Coexistent Disease score, smoking status, serum albumin.

CRP, C-reactive protein; CI, confidence interval; IL-6, interleukin 6
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Table 3

Unadjusted and adjusted relative hazard of mortality, by type of vascular access

CVC AVG AVF

Unadjusted 1.76 (1.52–2.04) 1.40 (0.61–1.90) 1.00 (reference)

Model 1a 1.62 (1.39–1.87) 1.37 (0.80–1.90) 1.00 (reference)

Model 2b 1.46 (1.21–1.77) 1.29 (0.70–1.83) 1.00 (reference)

Model 3c 1.27 (0.92–1.63) 1.17 (0.60–1.83) 1.00 (reference)

Note: n=583. Values shown as hazard ratio (95% confidence interval).

a
Adjusted for age, gender, and race.

b
Adjusted for variables in model 1 plus presence of diabetes, history of cardiovascular disease, history of peripheral vascular disease, body mass 

index, Index of Coexistent Disease score, smoking status, serum albumin, and timing of referral to a nephrologist.

c
Adjusted for variables in model 2 plus inflammatory markers of C-reactive protein and interleukin 6.

AVG, arteriovenous graft; AVF, arteriovenous fistula; CVC, Central venous catheter;
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