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Abstract: Background: Hemodialysis (HD) and peritoneal dialysis (PD) are medically equivalent
alternatives for symptomatic therapy of end-stage renal disease (ESRD). An early referral (ER) of
patients with chronic kidney disease (CKD) to a nephrological specialist is associated with a higher
proportion of patients choosing PD. Germany historically shows a low PD uptake. This article is the
first investigation into the impact of ER on the uptake of PD, using a large German claims database.
Methods: Claims data of 4727 incident dialysis patients in 2015 and 2016 were analyzed. Accounting
codes for nephrological care and dialysis modalities were identified. Their first documentation was
defined as their first encounter with a nephrologist and their first dialysis treatment (HD or PD).
ER was determined as receiving nephrological care at least six months before the first dialysis. A
multivariate logistic regression model with adjusted odds ratios (AOR) investigates the impact of
ER, outpatient dialysis start, age, comorbidities, and sex on the chance for PD. Results: Forty-three
percent were referred to the nephrologist six months before their first dialysis (ER). Single tests, as
well as the adjusted multivariate logistic regression, highlighted that ER significantly increases the
chance for PD. In the multivariate model, the uptake of PD was associated with ER (AOR = 3.05;
p < 0.001; 95% CI = 2.16–4.32), outpatient dialysis start (AOR = 0.71; p = 0.044; 95% CI = 0.51–0.99),
younger age (AOR = 0.96; p < 0.001; 95% CI = 0.95–0.97), and fewer comorbidities (AOR = 0.85;
p < 0.001; 95% CI = 0.44–1.58). Conclusions: ER of patients with CKD to a nephrologist increases PD
uptake. It gives both nephrologists and patients enough time for patient education about different
treatment options and can contribute to informed decisions about the dialysis treatment.

Keywords: early referral; hemodialysis; peritoneal dialysis; treatment choice; pre-dialysis care; claims
data; statutory health insurance

1. Introduction

Patients with chronic kidney disease (CKD) suffer from a series of clinical problems.
Their bodies are not sufficiently detoxified. When patients with CKD reach a certain point
in the progression of their disease (end-stage renal disease, ESRD), they face a choice
among different renal replacement therapies (RRTs). The two most commonly used types
of dialysis are hemodialysis (HD) and peritoneal dialysis (PD).

With HD, toxins in the blood are filtered by a machine. It is usually conducted in
ambulatory dialysis centers three times a week, each session taking four hours. PD can
be applied by the patient themselves at home or in any clean environment. In order to
enable the detoxication, a dialysate is filled inside the peritoneum and must be replaced
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regularly. This procedure must usually be conducted four times a day and takes about 30
minutes. Between the dialysate replacements, the dialysate stays in the body and enables
detoxication. As the treatment can be arranged flexibly in terms of time and place, PD
can enable a more autonomous life [1]. Both dialysis treatments are symptomatic but
life-sustaining. HD and PD are considered medically equivalent in terms of survival [2,3].

The progression of CKD and the time in which the need for dialysis becomes ap-
parent can vary among patients. ESRD is usually reached with a glomerular filtration
rate (GFR) < 15 [4]. The lower the GFR, the lower the level of kidney function is. The
aim is to provide patient education, information about different RRT options, and dietary
counseling, as well as psychological and social care. Therefore, an early referral (ER) of
patients to a nephrological specialist at least one year before the expected dialysis starts,
and with a GFR ≤ 30 mL/min, is recommended [4]. Early care by a nephrological specialist
can positively influence the progression of CKD [5]. ER is also associated with better
clinical outcomes such as a lower risk for mortality [6–10], better quality of life [11,12], and
a lower hospitalization rate [8]. CKD patients who were referred late (late referral, LR)
were more likely to suffer from worse psychosocial adjustment [4]. LR to a nephrological
specialist is often seen as a barrier to PD [13]. The literature shows that CKD patients with
ER to nephrological care are more likely to conduct PD [11,14–18]. A pooled analysis of a
systematic Cochrane review reported patients with ER were twice as likely to choose PD [8].
In these studies, ER was operationalized as care by a nephrological specialist between one
month and one year before the patient’s first dialysis.

Germany historically shows a low proportion of patients with ESRD dialyzing via PD
of 6.7% [19]. The PD ratio generally depends on patient- and physician-related factors as
well as the socioeconomic context of the healthcare system [20–23]. Among others, this
includes whether PD or the transport to in-center HD are covered by health insurance
providers. The compulsory statutory health insurance (SHI) in Germany reimburses all
dialysis options, covers the transport to in-center HD, and providers also support a higher
utilization of PD [24]. Hence, framework conditions seem to be in place, and researchers
have been trying to grasp, for years, why these reasons are strong drivers, especially in
Germany.

Therefore, the aim of the current study is to investigate the association between ER and
PD uptake with a large, unselected population of those insured by SHI in Germany. The
underlying research question was: Does the ER of patients with CKD to a nephrological
specialist increase the uptake of PD? To our knowledge, this article presents the first
analysis on this topic using a large claims database reflecting the patient flow with all
physician encounters and treatments in the healthcare sector. Thus, our study adds deeper
insight into the referral situation in Germany from a system perspective, as well as its
impact on PD uptake.

2. Materials and Methods

Ninety percent of the German population is insured with the compulsory SHI [25].
Each SHI fund is obliged to contract every person [26]. Therefore, their claims data offers an
unselected view on the uptake of services of a broad collective of that population. German
SHI claims data have also been used for investigations in nephrology [27–29] and when
dealing with patients with other chronic conditions [30,31]. We analyzed anonymous claims
data of two of the largest SHIs in Germany: DAK-Gesundheit (Deutsche Angestellten
Krankenkasse) and SBK (Siemens Betriebskrankenkasse). These funds cover 5.6 and
1.1 million insured members.

The database for this study consists of all medical encounters of 34,200 patients with
ESRD from 2012 to 2016, i.e., those who had at least one documentation of International
Classification of Diseases (ICD) code N18.5 between 2012 and 2016. The investigation was
part of the MAU-PD study (Multidimensional analysis of causes for the low prevalence of
ambulatory peritoneal dialysis in Germany) [32]. The study was funded by the Federal
Joint Committee’s innovation fund (Funding No 01VSF16036). It was ethically approved by
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the ethical committee of the University Hospital of Cologne, which considered all aspects
of the Declaration of Helsinki.

2.1. Structure of German Claims Data

In Germany, the reimbursement of outpatient medical services covered by the SHI
is based on a codebook of different medical services (Einheitlicher Bewertungsmaßstab,
EBM) [24]. In this codebook, each EBM code corresponds to a certain medical service. For
inpatient admissions, each OPS code (Operationen- und Prozedurenschlüssel) corresponds
to a certain medical procedure, e.g., the conduction of a dialysis treatment [33]. The transfer
of EBM and OPS codes to the SHI is relevant for the reimbursement of a service. All
medically necessary services are covered by the SHI and are therefore contained in the
claims data with OPS and EBM codes. These reimbursement codes make it possible to use
claims data to analyze the care provided to patients and its effects.

2.2. Identification of the First Dialysis and the Different Dialysis Treatments

We selected the OPS and EBM codes relevant for the reimbursement of dialysis
(Supplementary Table S1) [24]. In our case control study, HD and PD patients were
retrospectively identified depending on whether the code of their first dialysis was an
in-center HD or home-based PD. With additional reimbursement codes for special dialysis
forms, we excluded patients conducting special types of dialysis: intermittent peritoneal
dialysis (IPD) and home hemodialysis (HHD). IPD is conducted in special cases and also at
the dialysis center. HHD patients usually start with in-center HD and later switch to HHD.
We cannot directly distinguish between the pre-dialysis care and the time between the
first HD and the implementation of HHD as a direct preparation time for HHD. Therefore,
reimbursement codes in SHI claims data are not adequate to assess the impact of ER on
the uptake of HHD. Hence, the difference between in-center HD and home-based PD is of
interest for the claims data analysis of referral.

2.3. Identification of the First Encounter with a Nephrologist

The identification of outpatient specialist care by a nephrologist before the first dialysis
is based on the documentation of the continuous care of a CKD patient with a GFR below
40 mL/min (Supplementary Table S1) [24]. Only nephrologists are authorized to bill the
continuous care of a CKD patient. Further, the nephrologist is obliged to educate the
patient about dialysis and/or transplantation. In our analysis, the first documentation was
determined as the first encounter of a CKD patient with a nephrologist. This scheduled
the time of referral and the beginning of the care by a nephrological specialist. Patients
who did not have any documentation in their data since 2012 were treated as having no
encounter with a nephrologist before their first dialysis. There is a different reimbursement
code for the continuous care of patients who have had a kidney transplant. Hence, our
approach excluded patients who have had a kidney transplant.

2.4. Personal Characteristics

Year of birth and sex were also provided in the claims data. We calculated the patient’s
age at their first dialysis with their year of birth and the date of the first dialysis. The
non-age-adjusted Charlson Comorbidity Index (CCI) was calculated for the time of each
patient’s first dialysis. The CCI weighs 17 comorbid conditions, e.g., diabetes or congestive
heart failure, to assess the risk for mortality [34]. Higher scores indicate a higher mortality
risk.

2.5. Analysis

We included incident HD and PD patients in 2015 and 2016 in our study population.
Our case-control study retrospectively focuses on the referral to the nephrologist and,
therefore, on the time before the first dialysis. This gave us the possibility to analyze the



Int. J. Environ. Res. Public Health 2021, 18, 8359 4 of 10

medical encounters since 2012. The time between a patient’s first dialysis and their first
encounter with a nephrologist was calculated.

In the literature, ER was operationalized as care by a nephrological specialist between
one month and one year before a patient’s first dialysis [8,11,14–18]. Hence, patients who
had their first encounter with a nephrologist within six months (≤180 days) before their
first dialysis were classified as LR, and those whose first encounter exceeded six months
were classified as ER. Using the clinical binary classification allowed us to correctly assign
those patients who already received nephrological care before 2012 to the ER group.

The aim is to investigate the impact of the category of referral on the choice between
HD and PD. Chi-square tests and Wilcoxon–Mann–Whitney tests were applied to investi-
gate significant differences between the category of referral (ER or LR), type of dialysis (HD
or PD), sex, age, setting (outpatient or inpatient), and CCI, respectively. Patients starting
their dialysis in an inpatient setting often suffer from a worse medical condition. Adjusted
odds ratios (AORs) for the chance for PD (outcome: HD or PD) were calculated in a mul-
tivariate logistic regression model. To adjust for possible confounders, the independent
variables besides the category of referral (ER or LR) were sex, age at first dialysis, setting
(outpatient or inpatient), and the CCI. The significance level for all tests was 0.05. The 95%
confidence intervals (CI) and R2 were reported. Data analysis was conducted using Stata
16 (StataCorp., College Station, TX, USA) [35].

3. Results

After excluding patients who did not meet inclusion criteria (Figure 1), the study
population consisted of 4727 patients. In 2015, 2326 patients started with dialysis treatment,
and in 2016, 2401 patients began treatment. Twelve percent were contracted to SBK and
88% to DAK-Gesundheit. Forty-two percent were female. The mean age at first dialysis
was 71 years (median 75). The youngest patient was 19, and the oldest was 97. Twenty-nine
percent of the dialysis initiations were performed in an outpatient setting. In 96.3% of
the cases, patients started with HD, and the remaining 3.7% began with PD. Mean CCI
was 8.0. Forty-three percent had their first encounter with a nephrologist more than six
months before their first dialysis and were thus categorized as patients with ER. A total of
2673 patients (57%) have been referred within six months before their first dialysis (LR).

Single test results of differences between HD and PD as well as ER and LR are
displayed in Tables 1 and 2. The proportion of outpatient dialysis initiations was higher
among PD patients than HD patients (51% vs. 28%, p < 0.001). A Wilcoxon–Mann–Whitney
test showed PD patients to be significantly younger at their first dialysis than HD patients
(60 vs. 72 years, p < 0.001). They also had fewer comorbidities (5.5 vs. 8.0, p < 0.001). The
ratio of PD patients was significantly higher among those with ER than those with LR
(5.8% vs. 2.0%, p < 0.001). A univariate logistic regression shows that patients referred early
were 31% more likely to start their dialysis therapy within an outpatient setting (OR = 0.69,
p < 0.001, 95% CI 0.27–0.35). Patients having their first dialysis within an inpatient setting
were significantly older (mean 72 vs. 69 years, p < 0.001). The mean CCI of patients having
a first inpatient dialysis was higher (8.4 vs. 6.9, p < 0.001).
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Figure 1. A flow chart about the exclusion of participants. Notes: Patients with ESRD of the SHIs
had at least one documentation of the ICD code N18.5 between 2012 and 2016. ESRD patients who
did not start a dialysis treatment, started dialysis before 2015, conducted IPD or HHD, or had any
inconsistent information were excluded (see method section).

Table 1. Characteristics of HD and PD patients.

Characteristic HD PD p-Value

Female, % 42 43 0.695 *
Age in years, mean ± stand. dev. 72 ± 13.2 60 ± 15.0 0.000 **

Outpatient setting, % 28 51 0.000 *
Patients with ER, % 42 69 0.000 *

CCI, mean 8.0 5.5 0.000 **
* Chi-square test, ** Wilcoxon–Mann–Whitney test, HD: hemodialysis, PD: peritoneal dialysis, stand. dev.:
standard deviation, ER: early referral, CCI: Charlson Comorbidity Index.

Table 2. Characteristics of patients with ER and LR.

Characteristic ER LR p-Value

Female, % 40 43 0.029 *
Age, mean ± stand. dev. (median) 72 ± 13.0 (75) 71 ± 13.8 (74) 0.002 **

Outpatient setting, % 43 18 0.000 *
PD, % 5.8 2.0 0.000 *
CCI 8.0 7.9 0.918 **

* Chi-square test, ** Wilcoxon–Mann–Whitney test, stand. dev.: standard deviation, ER: early referral, LR: late
referral, PD: peritoneal dialysis, CCI: Charlson Comorbidity Index.

As HD and PD patients significantly varied in sex, age, setting (inpatient or outpatient),
and CCI, these factors were added as confounding variables in a multivariate logistic
regression model that examines the influence of ER on PD uptake. Results are displayed
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in Table 3. The AOR in this model adjusted for sex, age, setting, and CCI highlights that
patients with ER had a threefold increased chance for PD (AOR = 3.05; 95% CI 2.16–4.32;
p < 0.001). Sex was not significant in this model. One additional year of life meant a 4%
lower chance for PD (AOR = 0.96; 95% CI 0.95–0.97; p < 0.001). An AOR of 0.71 in inpatient
admission meant a 29% lower chance for PD (AOR = 0.71; 95% CI 0.51–0.99; p = 0.044).
Each point higher on the CCI resulted in a 15% lower chance for PD (AOR = 0.85; 95% CI
0.44–1.58; p < 0.001). Pseudo R2 was 0.135.

Table 3. Results of the multivariate logistic regression model (outcome: HD or PD).

Independent Variable Odds Ratio p-Value 95% CI

Cons 0.83 0.572 0.43–1.58
ER (Reference: LR) 3.05 0.000 2.16–4.32

Female (Reference: Male) 1.0 0.812 0.76–1.43
Age 0.96 0.000 0.95–0.97

Inpatient setting (Reference: outpatient setting) 0.71 0.044 0.51–0.99
CCI 0.85 0.000 0.44–1.58

CI: Confidence interval, CCI: Charlson Comorbidity Index, ER: early referral, LR: late referral.

4. Discussion

We investigated the impact of ER to nephrological treatment on PD uptake with a
claims data analysis. Forty-three percent of the patients were referred to the nephrologist
more than six months before their first dialysis. These patients were categorized as ER. The
adjusted multivariate logistic regression model highlights that ER significantly increases
PD uptake. Adjusted for potential confounders, patients with ER had a threefold increased
chance for a PD. The confounder’s age, setting (inpatient or outpatient), and CCI also
maintained their impact on the chance for PD. In the multivariate regression model, PD
uptake was associated with ER, outpatient setting, younger age, and lower CCI.

The operationalization of ER in the literature varied between one month and one
year [8,11,14–18]. The different definitions discussed in a review [16] considered the time
for medical preparation as a reason for the narrow definition of 3–4 months. However, they
also highlighted that guidelines’ referral recommendations and other wider definitions are
oriented toward the prevention of early CKD progression. As this investigation focused on
the choice between HD and PD, we assumed that a period of more than six months offers
the possibility for an informed decision. Our results confirmed recent studies: patients
with ER to care by a nephrological specialist have a higher chance for PD. Effect sizes vary
among these studies. A pooled analysis reported twice a chance [8]. Our adjusted model
from a system perspective revealed ER patients have a three-times increased chance for a
PD.

The base for ER operationalization was the documentation of the continuous care
of CKD patients with a GFR < 40. The opportunity for CKD patients in this state of pro-
gression to receive care by a nephrological specialist even allows for an earlier referral
than recommended (GFR < 30) [4]. The results of our study indicate that the framework
condition given by the German healthcare system contributes to ER. Forty-three percent
of patients with ER and its effect on PD uptake highlighted the relevance of long-term
nephrologist care for patients with CKD. Information about different RRT options is funda-
mental for pre-dialysis care by nephrologists and is thus a mandatory and crucial part of the
long-term nephrologist care defined by this code. Six months of continuous nephrological
care seems sufficient to educate patients about different RRTs. Nephrologists can provide
information about different treatment options and involve relatives. The education gives
both patients and nephrologists time to discuss different RRTs and weigh the advantages
and disadvantages. Patients may have the opportunity to meet a patient who is already on
PD. A patient’s situation at home can be prepared. For a technically planned dialysis start,
at least a couple of weeks are required for shunt or catheter implantation. PD also needs a
certain “break-in period” between the implantation and the first dialysis. As the goal is to
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enable a shared decision and not to increase the PD ratio itself, ER is valuable to informed
decision-making for an RRT.

The referral to care by a nephrological specialist in an early stage of CKD is not only
meaningful with regard to the start of the dialysis treatment. It is also a relevant issue
because ER can slow down the progression of CKD, and it offers a way to prevent ESRD
and the start of a dialysis treatment [5,16,27]. As this is difficult to assess with claims data,
we focused on investigating the association between ER and PD uptake.

Despite the possibility of nephrological treatment and a close care network in Germany,
there is still a high proportion of patients with LR (57%). Baer and colleagues summarized
reasons for LR [16]. Besides medical reasons, they also stress possible personal factors
of patients, such as age and comorbidities. General practitioners could misinterpret the
benefits of an RRT for the elderly, which can end in LR. Information campaigns for general
practitioners about the comorbidities of chronic diseases and CKD can help to decrease the
high proportion of LR [16].

The ambulatory and stationary sectors are strongly separated in Germany. An inpa-
tient dialysis start may be an indicator of an urgent start due to a patient’s acute medical
condition during an inpatient admission. In our sample, the proportion of patients starting
their dialysis in an inpatient setting is higher than those with LR (82% vs. 57%, respec-
tively). There are data in the literature suggesting that HD and PD are both feasible and
safe alternatives for urgent dialysis [36–39]. Nevertheless, an urgent start of dialysis is
often seen as a barrier to PD [13]. The significantly lower PD ratio within inpatient dialysis
initiations in our study also seems to indicate that PD is still not generally adopted as an
equivalent alternative for an urgent dialysis start.

Our results corroborate the findings of previous studies about the effect of ER on PD
uptake based on a large sample from a system perspective. The adjusted model highlights
that ER has a major impact on PD uptake. Adjusted odds ratios indicate that ER is more
important than a patient’s underlying comorbidities, age, and setting. Despite the close
care structure in Germany, there is still a high proportion of patients with LR. Further
investigations should pay attention to reasons for the high proportion of LR to reduce this
barrier to informed decisions.

Strengths and Limitations

This study added a system perspective on the ER of patients with CKD by analyzing
the claims data of two large German SHIs. About 90% of the German population is
contracted with SHIs [25], with 2401 patients starting dialysis only in 2016 [19]. DAK-
Gesundheit and SBK cover 6.6 million people [40,41]. The large database allowed us to
ensure medical encounters and treatment groups with valid criteria. The PD proportion in
our sample was lower than the one stated by the official national report for 2016 (3.7% vs.
6.7%, respectively) [19]. This may be due to the fact that our calculation was based on the
number of dialysis patients, whereas the national report counted the number of dialysis
treatments. Nevertheless, the large database still enabled us to examine a large sample of
4727 incident dialysis patients in 2015 and 2016.

Due to the compulsory SHI, German SHI claims data provide a representative sample.
It is well defined how diseases and treatments are to be coded. Therefore, we expect our
results can be confirmed by other SHI funds data and that they have high external validity.

We are aware that our research comes with limitations concerning SHI claims data
analysis in general. Such data only consists of procedures relevant to reimbursement. Parts
of treatment that are not reimbursed were not included. Consistent with practitioners’
routine coding practice, we used a valid code for the counseling of pre-dialysis CKD
patients. This code cannot reflect the extent to which patients have actually been informed.
However, even with the selected measurements in primary data, the intensity and time
spent on educational counseling over a longer period of time are difficult to measure. The
reimbursement code can reflect pre-dialysis nephrological treatment, and this is what the
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referral category is meant to measure. The precise reimbursement codes made it possible to
investigate referrals to nephrologists and pre-dialysis treatments from a system perspective.

The multivariate model’s variables predicted 13.5% of PD uptake. As mentioned
before, there are several factors on patient-, physician-, and system-level relevant for the
choice between HD and PD [20–23]. The Pseudo R2 in our model confirms that ER is one
of them, but not the only factor impacting on PD uptake.

5. Conclusions

The considerable number of patients with ER led us to conclude that framework
conditions in the German healthcare system support the early care of patients with CKD by
nephrologists. The results of the first claims data analysis with a broad collective of those
covered by SHIs confirmed the existing evidence: ER increases PD uptake in Germany. ER
gives both nephrologists and patients time for patient education about different RRTs and
contributes to informed decisions about the dialysis treatment.
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