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ABSTRACT

Background. Therapeutic developments have contributed to markedly improved clinical outcomes in peritoneal dialysis (PD)
during the 1990s and 2000s. We investigated whether recent advances in PD treatment are implemented in routine Swedish
care and whether their implementation parallels improved patient outcomes.

Methods. We conducted an observational study of 3122 patients initiating PD in Sweden from 2006 to 2015. We evaluated
trends of treatment practices (medications, PD-related procedures) and outcomes [patient survival, major adverse
cardiovascular events (MACEs), peritonitis, transfer to haemodialysis (HD) and kidney transplantation] and analysed
associations of changes of treatment practices with changes in outcomes.

Results. Over the 10-year period, demographics (mean age 63 years, 33% women) and comorbidities remained essentially
stable. There were changes in clinical characteristics (body mass index and diastolic blood pressure increased), prescribed
drugs (calcium channel blockers, non-calcium phosphate binders and cinacalcet increased and the use of renin-
angiotensin system inhibitors, erythropoietin and iron decreased) and dialysis treatment (increased use of automated PD,
icodextrin and assisted PD). The standardized 1- and 2-year mortality and MACE risk did not change over the period.
Compared with the general population, the risk of 1-year mortality was 4.1 times higher in 2006-2007 and remained stable
throughout follow-up. However, the standardized 1- and 2-year peritonitis rate decreased and the incidence of kidney
transplantation increased while transfers to HD did not change.
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Conclusions. Over the last decade, treatment advances in PD patients were accompanied by a substantial decline in
peritonitis frequency and an increased rate of kidney transplantations, while 1- and 2-year survival and MACE risk did not

change.
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Treatment practices and outcomes in incident peritoneal dialysis:

the Swedish Renal Registry 2006 — 2015

The aim was to study if recent advances in PD treatment are implemented in routine Swedish care
and if their implementation improved patient outcomes
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Conclusion: Over the last decade, treatment advances in PD patients were

accompanied by a substantial decline in peritonitis frequency and increased rate
of kidney transplantation. 1-year and 2-year survival or MACE risk did not change.
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INTRODUCTION

Mortality and cardiovascular morbidity are extremely high in
people on kidney failure replacement therapy (KFRT) [1].
However, during the 21st century there have been considerable
advances in the medical treatment of people with end-stage
kidney disease. Newer therapies such as calcium-free phos-
phate binders [2] and calcimimetics [3] have improved the
control of chronic kidney disease-mineral and bone disorder
(CKD-MBD) and clinical trials have established evidence-based
haemoglobin and iron targets for anaemia treatment [4, 5].

In patients on peritoneal dialysis (PD), a series of innovations
and the implementation of evidence-based clinical practices have
reduced the incidence of peritonitis and other therapy-related
complications, allowing patients to be maintained on PD for lon-
ger periods [6]. Technical advances have been introduced, such as
more biocompatible glucose-based dialysis solutions with fewer
detrimental effects on the peritoneal structure and function [7],
icodextrin-based long-dwell dialysis fluid facilitating fluid man-
agement [8], improved techniques for automated PD (APD)

providing lifestyle benefits [9, 10] and new APD devices for remote
patient monitoring to improve prescription compliance [11, 12].

During the last decades we have witnessed improvements in
the overall survival and cardiovascular mortality of people on
KFRT, not least for patients undergoing PD [1, 13]. In Europe,
patients on PD experienced a trend towards better survival com-
pared with patients on haemodialysis (HD) between 1993 and
2007, and technique survival also improved [14]. Whether these
improvements in outcomes extend to more recent years and
how new therapeutic advances in PD are being implemented is
not yet known.

The purpose of this analysis was to describe changes in
treatment practices and clinical outcomes in a contemporary
nationwide cohort of patients starting PD therapy. As study out-
comes, we evaluated the risk of death, major cardiovascular
events (MACEs), peritonitis frequency, transfer to HD and kid-
ney transplantation incidence. We further compared trends of
mortality and MACE incidence with those reported for the gen-
eral Swedish population.



MATERIALS AND METHODS
Study population

We used information from the Swedish Renal Registry (SRR),
which is a nationwide register of patients on KFRT in Sweden
(https://www.medscinet.net/snr/) [15] with national coverage
since 1991. In addition to data on KFRT initiation, continuously
updated information on treatment modalities and subsequent
treatment changes (including switch to HD and kidney trans-
plantation), the register also collects yearly information on clin-
ical characteristics, laboratory measurements and dialysis-
related information. It has been estimated that >95% of all prev-
alent dialysis patients in Sweden are included in the yearly fol-
low-up.

We included all patients who initiated KFRT with PD in
Sweden between 1 January 2006 and 31 December 2015.
Exclusion criteria were missing information on age or sex
(n=30) and dialysis treatment <3 months (due to death, change
of dialysis modality or kidney transplantation) (n=986)
(Supplementary data, Figure S1). After exclusions, a total of 3122
PD patients were included. The data were linked to the Swedish
National Patient Register (an administrative healthcare utiliza-
tion data source), the Prescribed Drug Register (a nationwide
register of dispensed medications), the Population Register and
the Causes of Death Register (a nationwide register for causes of
deaths) and anonymized. All patients were informed about their
participation in the registry (SRR) and were able to opt out
according to the Swedish regulations for research in quality-
control registers. The study protocol was approved by the
regional ethics committee in Stockholm.

Exposure

The 10-year baseline period was divided into 2-year blocks
(2006-2007, 2008-2009, 2010-2011, 2012-2013 and 2014-2015)
and each 2-year block was used as the study exposure. The ra-
tionale for using 2-year blocks was the need for adequate num-
bers of events during the 1- and 2-year follow-up periods when
comparing standardized incidence rates between time periods
and allowing adjustments for multiple comorbidities and
treatments.

Outcomes definitions and covariates

The primary study outcomes were 1- and 2-year all-cause mor-
tality and MACEs (composite of cardiovascular mortality, myo-
cardial infarction, hospitalization for heart failure and stroke).
The secondary outcomes were 1- and 2-year rates of kidney
transplantation, transfer from PD to HD and PD-related perito-
nitis (for definitions, see Supplementary data, Table S1). The
reason for limiting the analyses to short-term outcomes occur-
ring within 1 and 2 years was to ensure that all patients had a
full 1- or 2-year follow-up time.

Information on age, sex and selected comorbidities was
collected from the SRR and the National Patient Register,
which contain complete documentation of all diagnoses issued
since inception of the International Classification of Diseases,
Tenth revision (ICD-10th) system in 1997 (Supplementary data,
Table S2). Definition of comorbidities was based on ICD-10
codes [16]. Medications were obtained from the SRR and
enriched with information from the Prescribed Drug Register,
which contains information on all dispensed drugs at Swedish
pharmacies since 2006. Clinical characteristics [blood pressure
(BP) and body mass index (BMI)], laboratory results and
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treatment characteristics [use of icodextrin, proportion of APD,
assisted PD, weekly creatinine clearance and weekly Kt/V (in-
cluding residual renal function, if present)] were collected from
the SRR.

Statistical analysis

Continuous variables are displayed as mean * standard devia-
tion (SD) or median and interquartile range (IQR) and categorical
variables as proportions. Differences over time were tested
by Jonckheere-Terpstra trend test for categorical variables
and with a linear-by-linear trend test for continuous data.
Participants were censored at death, kidney transplantation,
switch to HD or the end of follow-up (31 December 2017), which-
ever occurred first.

Standardized incidence rates of 1- and 2-year short-term
outcomes were performed using logistic regression models to
account for the effect of differences in patient characteristics
throughout the observation period [17]. Stepwise adjustment
for explanatory variables included (i) age and sex and (ii) base-
line comorbidities (hypertension, diabetes, cardiovascular dis-
ease, stroke, atrial fibrillation, chronic obstructive pulmonary
disease, rheumatoid disease and cancer).

To assess the effect of time on outcomes, a similar standard-
ization analysis was also performed with the simplifying
assumption of a constant hazard ratio (HR) for moving one
2-year block forward, facilitating the computation of confidence
intervals (CIs) for the trend. Coxproportional hazard models (for
1-year and 2-year outcomes) were fitted. Stepwise adjustments
were performed for (i) age and sex, (ii) baseline comorbidities
and (iii) treatment. Sensitivity analyses were performed for PD
treatment as intentionto treat, and thus without censoring at
kidney transplantation and transfer to HD. To account for mor-
tality changes in the underlying background general population,
standardized incidence rate ratios (SIRRs) were also calculated,
using an age-, sex- and calendar-year-matched general popula-
tion from Statistics Sweden (www.scb.se).

Data on BM]I, systolic BP, diastolic BP, C-reactive protein, al-
bumin, ferritin, haemoglobin, calcium, phosphate and parathy-
roid hormone (PTH) were missing for 794 (25%), 984 (32%), 989
(32%), 1087 (35%), 709 (23%), 1592 (51%), 703 (23%), 1135 (36%),
712 (23%) and 947 (30%) patients, respectively. Since clinical and
laboratory values were only registered in some patients, these
values were only used for description and not used in the analy-
ses to avoid selection bias. All analyses were performed using R
(https://www.r-project.org) and Stata version 15.0 (StataCorp,
College Station, TX, USA).

RESULTS

Changes in clinical characteristics and laboratory values

The study comprised 3122 incident PD patients (mean age
63 = 15 years, 34% women) who had been on dialysis treatment
>3months. A flow chart of patient selection is presented in
Supplementary data, Figure S1. Across the 2-year time blocks
there were no changes at PD initiation in mean age or sex distri-
bution, while BMI and diastolic BP increased (Table 1). The prev-
alence of most comorbidities and the Charlson comorbidity
index were stable over the period, except for an increase in
chronic obstructive pulmonary disease. The mean/median lev-
els of C-reactive protein, albumin and haemoglobin decreased,
and PTH increased, albeit with minor absolute differences.


https://www.medscinet.net/snr/
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https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab130#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab130#supplementary-data
https://www.r-project.org
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab130#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab130#supplementary-data

2542 | H.Xuetal

Table 1. Baseline characteristics for incident PD patients (>3 months on dialysis) in Sweden between 2006 and 2015

Time period 2006-2007 2008-2009 2010-2011 2012-2013 2014-2015 P-value?®

N 647 660 604 610 601

Demographics
Age (years), mean (SD) 63.0 (14.6) 63.1(15.4) 64.4 (15.1) 63.5 (15.1) 62.3 (16.1) 0.86
Women, % 33 35 33 34 33 0.88

Clinical characteristics
BMI (kg/m?), mean (SD) (n=2328) 25.8 (4.1) 26.0 (4.5) 26.2 (4.6) 26.6 (4.7) 26.3 (4.6) 0.02
SBP (mmHg), mean (SD) (n=2138) 135 (20.0) 136 (21.2) 138 (22.4) 136 (20.6) 138 (20.2) 0.16
DBP (mmHg), mean (SD) (n =2133) 77 (11.6) 78 (11.5) 78 (12.6) 78 (12.1) 79 (11.6) 0.03

Laboratory values
CRP (mg/L), median (IQR) (n = 2035) 50(3.0-12.0)  5.0(24-10.0) 5.0(21-12.0) 4.3 (2.0-10.0) 5.0 (1.9-10.0) 0.01
Albumin (g/L), mean (SD) (n=2413) 32(5.2) 32(5.7) 31(5.1) 32(5.3) 31(5.7) 0.002
Ferritin (pmol/L), median (IQR) (n = 1530) 238 (128-431) 282 (143-433)  280(140-436)  273(140-500) 227 (130-380) 0.59
Hb (g/dL), mean (SD) (n = 2419) 124 (15) 119 (14) 118 (14) 116 (13) 115 (14) <0.001
Ca (mmol/L), mean (SD) (n = 1987) 2.5(0.1) 2.5(0.2) 2.5(0.2) 2.5(0.2) 2.5(0.2) 0.06
Phosphorus (mmol/L), mean (SD) (n=2410) 1.6 (0.4) 1.6 (0.4) 1.5(0.4) 1.5 (0.4) 1.6 (0.5) 0.98
PTH (pmol/L), median (IQR) (n=2175) 21 (11-31) 19 (11-32) 22 (12-38) 24 (14-39) 23 (13-40) <0.001

Comorbidities, %
CCI, mean (SD) 3.9(2.1) 4.0(2.1) 41(22) 41(2.3) 41(22) 0.38
Hypertension 98 99 98 99 99 0.78
Diabetes mellitus 36 40 36 33 33 0.06
Cardiovascular disease 33 35 38 37 33 0.56
Congestive heart failure 13 16 16 15 12 0.58
Myocardial infarction 13 13 12 15 11 0.66
Peripheral vascular disease 10 9 10 12 10 0.61
Cerebrovascular disease 11 13 15 14 13 0.36
Stroke 8 9 12 9 9 0.54
Atrial fibrillation 6 11 8 7 8 0.84
Chronic obstructive pulmonary disease 3 3 3 5 7 <0.001
Rheumatoid disease 5 3 4 3 3 0.16
Cancer (within 3 years) 8 6 8 8 10 0.06

2p-values were tested with a Jonckheere-Terpstra trend test for categorical variables and with a linear-by-linear trend test for continuous data. Significant values are in

bold.

SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; CCI, Charlson comorbidity index.

Changes in treatment characteristics and medications

Over the 10-year period, the proportion of patients using cal-
cium channel blockers and other antihypertensive drugs in-
creased, while the use of angiotensin-converting enzyme
inhibitors (ACEis) and angiotensin receptor blockers (ARBs) de-
creased (Table 2). The proportion of patients prescribed cal-
cium-free phosphate binders and cinacalcet increased, whereas
the use of calcium-containing phosphate binder supplements
decreased substantially, as did treatment with iron and erythro-
poietin. The prevalence of patients who underwent APD in-
creased from 15% to 24%, the use of icodextrin-based dialysis
fluid increased from 26% to 40% and patients receiving assisted
PD increased from 1% to 12% (Table 2 and Figure 1).

Changes in clinical outcomes

There was no substantial difference in 1- and 2-year unadjusted
mortality or MACE incidence over the study period (Table 3 and
Supplementary data, Table S3). The standardized incidence
rates for death and MACEs did not show any clear trend either
(Table 4). There was a gradually decreasing trend for 1- and
2-year peritonitis incidence and the rate of kidney transplanta-
tion increased substantially (Table 4). The proportion of patients
who switched from PD to HD remained constant over the 10-
year period (both crude and standardized; Tables 3 and 4).
Similar associations were observed in intention-to-treat

analyses (when patients were not censored at kidney transplant
or switch to HD; Supplementary data, Tables S4 and S5).

The multivariable modelling of the association between mov-
ing a 2-year block forward and different outcomes showed that
after adjusting for age, sex, comorbidity and treatment changes,
both the 1- and 2-year risk of peritonitis decreased by 8% [HR
0.92 (95% CI 0.87-0.98) for lyear and HR 0.92 (95% CI 0.87-0.96) for
2 years], while there were no significant changes in the risk of
all-cause mortality, MACEs or transfer rate to HD (Figure 2).

Changes in mortality compared with the general
population

The 1- and 2-year mortality of PD patients were also compared
with an age-, sex- and calendar-year-matched Swedish back-
ground population. Compared with the general population, the
1-year mortality risk among PD patients was 4.1 times higher in
2006-2007 [SIRR 4.08 (95% CI 3.2-5.3)] and remained fairly
stable over the 10-year follow-up period (Supplementary data,
Table S6). A similar trend was observed for 2-year mortality.

DISCUSSION

This nationwide study of incident PD patients in Sweden from
2006 to 2015 found a continuous implementation of newer PD
practices and guideline-recommended treatments that was par-
alleled by a substantial decline in peritonitis frequency and an


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab130#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab130#supplementary-data
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Table 2. Prescribed drugs and dialysis treatment characteristics for incident peritoneal patients between 2006 and 2015

Time period 2006-2007 2008-2009 2010-2011 2012-2013 2014-2015 P-value?®

N 647 660 604 610 601

Dialysis treatment characteristics
Dialysis vintage (months), mean (SD) 6.9 (3.4) 5.9 (3.4) 6.1(3.3) 5.9 (3.5) 6.1(3.5) 0.01
Proportion of APD, % 15 19 24 23 24 <0.001
Kt/V/week, mean (SD) (n = 1517) 2.3(0.6) 2.4(0.8) 2.3(0.6) 2.4(0.6) 2.2 (0.6) 0.08
CCr/week, mean (SD) (n= 1476) 82 (28.0) 79 (27.8) 83 (32.6) 83(32.8) 81(27.9) 0.81
Proportion icodextrin, % 26 33 31 37 40 <0.001
Proportion APD + icodextrin, % 7.4 8.2 9.3 11.0 12.6 <0.001
Assisted PD, % 1.4 4.2 10.4 10.7 11.8 <0.001

Medications, %
ACEis/ARBs 69 71 69 63 61 <0.001
Beta-blockers 75 73 77 74 77 0.35
Calcium channel blockers 73 76 75 77 83 0.01
Other antihypertensive drugs 23 26 30 31 41 <0.001
Diuretics 89 90 87 88 86 0.07
Statins 59 57 57 61 56 0.67
Erythropoietin/darbepoetin 86 88 82 80 83 0.001
Iron (oral/intravenous) 58 60 57 45 46 <0.001
Phosphate binders (non-calcium based) 57 65 67 71 76 <0.001
Calcium supplements® 68 68 61 53 52 <0.001
Vitamin D3 supplements 78 83 81 82 81 0.24
Cinacalcet 4 7 7 9 8 0.01

2p-values were tested with a Jonckheere-Terpstra trend test for categorical variables and with a linear-by-linear trend test for continuous data. Significant values are in

bold.
Calcium supplements include calcium-containing phosphate binders.

FIGURE 1: Medication and dialysis treatment characteristics in Swedish incident PD patients in the Swedish Renal Registry 2006-2015.

increase in kidney transplantation. Transfer from PD to HD, 1-
year and 2-year survival and MACE risk did not change over the
10-year period.

Studies from around the globe have demonstrated higher
survival rates for PD patients in the beginning of the 2000s
when compared with the 1990s [6]. In Europe, survival improved
for patients starting dialysis in 2003-2007 compared with those
starting in 1993-1997, both for PD [adjusted HR 0.64 (95% CI
0.61-0.67)] and somewhat less for HD patients [adjusted HR 0.82

(95% CI 0.80-0.84)] with parallel improvements of dialysis tech-
nique survival for both modalities [14]. In another study, from
Denmark, the survival of incident PD patients improved by 42%
from 1990-1999 to 2000-2010 [18]. Our results suggest that the
rate of improvement has slowed during more recent years
among PD patients in Sweden. This contrasts with results from
the USA, where the adjusted mortality rate among PD patients
decreased by 37% from 2001 to 2010 and continued to improve
by 7% from 2011 to 2017 [1].
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Table 3. 1-year and 2-year outcomes among PD patients according to admission year

Time period 2006-2007 2008-2009 2010-2011 2012-2013 2014-2015 P-value®
N 647 660 604 610 601
1-year outcomes
Death 8.8 8.6 8.6 9.3 7.0 0.41
MACE? 13 15 14 14 14 0.87
Kidney transplantation 6.8 8.8 8.6 10.8 10.3 0.01
% increase from 2006-2007 +29 +26 +59 +51
Peritonitis 21 21 20 15 18 0.01
% reduction from 2006-2007 +0.1 -3 -30 -14
Transfer to HD 13 17 13 10 13 0.30
2-year outcomes
Death 16.7 18.6 18.7 18.0 15.8 0.64
MACE? 21 23 21 23 21 0.99
Kidney transplantation 16 16 15 20 21 0.01
% increase from 2006-2007 0 ) +25 +31
Peritonitis 32 29 28 24 24 <0.001
% reduction from 2006-2007 -10 —14 -25 -24
Transfer to HD 26 28 24 21 25 0.19

Values are presented as percentages.
" MACEs included cardiovascular death, hospitalization of re-infarction, stroke and heart failure.
PP-values were tested with a Jonckheere-Terpstra trend test for categorical variables and with a linear-by-linear trend test for continuous data.

Table 4. Standardized incidence rate of 1-year and 2-year risk of death and peritonitis

1-year outcomes (%) 2-year outcomes (%)
Time period Crude + Age, sex + Comorbidity® Crude + Age, sex + Comorbidity®
Death
2006-2007 8.8 9.1 8.1 16.7 17.2 153
2008-2009 8.6 8.5 7.5 18.6 17.9 15.7
2010-2011 8.6 7.8 7.1 18.7 17.2 16.7
2012-2013 9.3 9.2 8.0 18.0 18.0 14.8
2014-2015 7.0 7.4 7.2 15.8 16.3 14.5
MACEs?
2005-2006 12.8 13.0 114 20.6 20.8 17.7
2007-2008 14.8 14.9 14.0 23.0 22.9 213
2009-2010 13.6 13.1 12.2 21.0 20.4 19.2
2011-2012 13.6 13.1 12.4 22.8 22.3 20.3
2013-2014 13.8 14.4 13.0 20.6 215 19.2
Kidney transplant
2005-2006 6.8 6.5 5.9 15.9 15.3 14.7
2007-2008 8.8 8.7 8.3 16.1 15.5 14.6
2009-2010 8.6 9.0 7.8 15.1 15.6 13.8
2011-2012 10.8 11.2 10.0 19.7 20.4 18.6
2013-2014 10.3 9.9 9.5 20.6 20.5 18.6
Peritonitis
2005-2006 21.0 20.9 194 32.0 31.7 293
2007-2008 21.2 21.1 19.7 28.9 28.9 27.0
2009-2010 20.4 21.0 19.3 27.6 27.8 26.1
2011-2012 14.8 14.6 12.9 24.1 245 22.9
2013-2014 18.0 17.9 16.4 24.3 243 22.0
Transfer to HD
2006-2007 12.2 11.9 111 255 25.1 24.1
2008-2009 16.7 17.1 16.0 27.6 28.0 26.0
2010-2011 12.6 13.7 13.1 23.7 24.9 241
2012-2013 10.2 9.8 8.9 21.3 20.6 19.5
2014-2015 13.3 13.0 12,5 25.1 243 23.1

Standardized incidence rates of 1- and 2-year outcomes were performed with logistic regression models.

" Comorbidity included hypertension, diabetes, cardiovascular disease, stroke, atrial fibrillation, chronic obstructive pulmonary disease, rheumatoid disease and can-

cer.? MACEs included cardiovascular death, hospitalization of re-infarction, stroke and heart failure.
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Modsl HR (95% CI)

1 year death

Age+sex —_— 0.96 (0.88, 1.04)

age+sax+comobidity B B 0.95 (0.87, 1.04)

age+sex+comobidity +treatment —_— 1.02 (0.93, 1.12)

1 year major cardiovascular events

age+sex —— 1.01 (0.94, 1.08)

age+sax+comobidity —_— 1.00 (0.93, 1.07)

age+sex+comobidity+treatment —_—— 1.01 (0.94. 1.09)

1 year transplant

age+sex ——————— 1.08 (1.00, 1.18)

age+sax+comobidity —.— 1.08 (1.00, 1.17)

age+sex+comobidity +treatment —_—— 1.11(1.02, 1.21)

1 year peritonitis

age+sex —_—— 0.93 (0,88, 0.98)

age+sex+comobidity - 0.92 (0.87, 0.98)

ag idity +treatment - 0.94 (0.88, 1.00)

1 year technique failure

agetsex —_— 0.97 (0.90, 1.03)

age+sex+comobidity i 0.96 (0.90, 1.03)

age+sex+comobidity +treatment e 1.03 (0.96, 1.11)
T T T

T T T
] & 8 8 1 1.06 14

Model HR (85% CI)
2 year death
age+sex —_— 0.98 {0.92, 1.04)
age+sex+comabidity —_— 0.87 (0.91, 1.03)
age+sex+comobidity+traatment B S— 1.00 {0.93, 1.06)
2 year major cardiovascular events
age+sex —_—— 1.00 {0.95, 1.06)
age+sex+comobidity —_—— 1.00 {0.94, 1.05)
age+sex+comobidity +Hreatmeant —— 1.00 (0.94, 1.06)
2 year transplant
age+sex —_— 1.06 {1.00, 1.13)
age+sex+comabidity —— 1.06 {1.00, 1.12)
age+sex+comabidity+raatment s 1.06 {1.00, 1.13)
2 year peritonitis
age+sex —— 0.92 (0.88, 0.96)
age+sex+comobidity —_—— 0.92 (0.87, 0.96)
age+se idi - 0.93 (0.88, 0.97)
2 year technique failure
age+sex e 0.87 (0.93, 1.02)
age+sex+comaobidity e e ad 0.87 (0.92, 1.02)
age+sex+comobidity +traatment —_— 1.00 {0.95, 1.06)
T T I T

T T
8 B85 98 85 1 105 11

FIGURE 2: HRs for the association between temporal trends, based on moving a 2-year block forward and (A) 1-year and (B) 2-year outcomes among incident PD
patients in Sweden, 2006-2015. Time period used as a continuous variable. *Comorbidity included hypertension, diabetes, cardiovascular disease, stroke, atrial fibrilla-
tion, chronic obstructive pulmonary disease, rheumatoid disease and cancer. Treatment included ACEis/ARBs, beta-blockers, calcium channel blockers, other antihy-
pertensives, diuretics, statins, phosphate binders, erythropoietin, iron, calcium supplements, vitamin D3, cinacalcet, dialysis duration, use of icodextrin and

proportion of APD and assisted PD.

In Sweden, there is a relatively high proportion of patients
on PD (34% incidence and 21% prevalence in 2019) compared
with other countries in Europe and the USA [19]. One may spec-
ulate that improvements in PD treatment practices introduced
in Sweden during the 1990s and early 2000s may have contrib-
uted to lower mortality rates of PD patients before 2006 and that
this reduced the potential for further improvements. In con-
trast, among incident HD patients in Sweden, positive survival
trends during the same decade as in the current study have
been recently reported [20]. However, the unadjusted mortality
rates were still almost twice as high as those of the PD popula-
tion. Mirroring these findings, the SIRR for 1-year risk of death
among HD patients declined from 6 times higher in 2006-2007
to 5.6 times higher in 2014-2015 when compared with the gen-
eral population, corresponding to a SIRR reduction of 8% [20]. In
contrast, the SIRR for 1-year risk of death in the PD patients in
our study remained about 4 times higher than the general popu-
lation throughout the period. One possible explanation for the
different trends in Swedish PD and HD patients could be that
characteristics and selection criteria for patients starting on PD
remained constant, favouring its use for more healthy patients,
while the HD patients had a higher comorbidity burden.
Contrasting with this assumption is our finding of a substantial
increase in the proportion of patients on assisted PD over the
period, an indicator of an expansion towards a more frail popu-
lation. However, for both modalities, mean age (~63years in PD
versus 65 years in HD) and sex distribution (33% women in both
modalities) remained similar throughout the period [20].

There are few nationwide comprehensive studies describing
the pattern of changes of PD treatment practices and medica-
tions in PD patients over time. In the present study, alterations
of guideline-recommended clinical practices were gradually
implemented during the recent decade and were accompanied
by changes in trends of laboratory values and treatments, both
for dialysis and medications. The increased use of calcium
channel blockers and other antihypertensive drugs accompa-
nied by reduced use of ACEsi/ARBs was associated with a small

but statistically significant increase in mean diastolic BP that
might reduce the risk of hypotension as a cause for residual re-
nal function decline [21]. The mean systolic BP was almost
10mmHg lower than among the HD patients in Sweden in the
same period [20]. We also observed increasing use of calcium-
free phosphate binders and cinacalcet, in line with recommen-
dations for management of CKD-MBD [22], and lower doses of
erythropoietin and subsequently lower mean haemoglobin, in-
dicating better adherence to newer targets for anaemia treat-
ment [23].

At the beginning of our study in 2006, all incident PD
patients in Sweden used biocompatible glucose-based fluids
and the use of APD and icodextrin-based solutions was also
quite common. During the 10-year period, the proportion of in-
cident PD patients using APD increased by 60% (from 15% in
2006-2007 to 24% in 2014-2015), the percentage of patients using
icodextrin-based dialysis fluid increased by 54% (from 26% to
40%) and the combination of the two increased by 70% (from
7.4% to 12.6%). Although it should be noted that no studies have
demonstrated a clear survival benefit associated with the use of
biocompatible versus traditional glucose-based fluids [7],
icodextrin-based versus glucose-based dialysis fluids [8] and in-
dividualized prescriptions using APD versus continuous ambu-
latory PD [9, 10], these newer therapeutic options have been
ascribed various advantages, including better control of BP and
fluid status [21].

Another important finding in our study was the continuous
reduction of time to a first peritonitis episode over the study
period. This is consistent with single-centre studies from Korea
and Brazil [24, 25] and with national data from Australia and
New Zeeland [26] showing decreasing peritonitis rates. We did
not find any substantial change over time in characteristics
that were previously linked to a higher risk of peritonitis, such
as older age, female sex or comorbidity [27]. However, some
earlier reports have suggested that APD use is associated with
lower peritonitis rates [28], although results have been
conflicting [29].
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The proportion of incident PD patients relative to incident
HD patients continues to decline in Sweden and Europe [14]
and, in the present study, the number of incident PD patients
decreased by ~7% during the 10-year period. This is in contrast
with marked increases in PD utilization in the USA [1] and some
Asian countries, including China and Thailand [19]. It is possible
that PD utilization in Sweden to some extent reflects its use as
the preferred initial treatment option for the younger and less
unhealthy segment of end-stage kidney disease patients, who
are also eligible for kidney transplantation. In our study, >20%
of the incident PD patients underwent kidney transplantation
within 2years and the proportion of PD patients undergoing
kidney transplantation within 1 year increased by >50% from
2006 to 2015. While PD and kidney transplantation, especially
pre-emptive kidney transplantation, to some extent compete,
they are complementary options and countries with a high inci-
dence of kidney transplantation also tend to have higher use of
PD.

Some strengths and limitations should be considered when
interpreting the results of the present study. A main strength is
our inclusion of all incident PD patients from a country with
universal healthcare, no loss to follow-up and access to exten-
sive information regarding dialysis treatment characteristics,
comorbid conditions and drug dispensations adjudicated from
linkages with national healthcare registries. This allowed us to
study changes in practice patterns over a 10-year period, during
which patients could benefit from the implementation of dialy-
sis treatment advances and guideline-recommended targets for
medications in a stable nationwide inception cohort. We also
acknowledge some limitations. The observational design pre-
cludes conclusions regarding causal relationships; that is, we
cannot conclude that treatment advances, including the in-
creased implementation of APD over the last decade, are the
cause of the observed reduction of incidence of peritonitis. Also,
the use of diagnostic codes does not consider the severity of un-
derlying disorders and the identification and reporting of
comorbidities may have changed over time. In addition, the
follow-up time may be too short to fully capture—and may
therefore underestimate—the incidence of some outcomes (i. e.,
transfers from PD to HD) developing over time. Furthermore, we
do not have information on ethnicity, as this is not allowed by
Swedish law. Finally, these results apply to the conditions in
Swedish practice from 2006 to 2015 and extrapolation to other
countries or periods should be performed with caution.

In summary, this study shows that the implementation of
therapeutic advances among PD patients over the last decade
was accompanied by declining peritonitis frequency and an in-
creased incidence of kidney transplantation. There was no
change of transfers from PD to HD and 1-year and 2-year sur-
vival or MACE risk did not improve.
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