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OBJECTIVE

Epidemiological studies have shown contradictory results regarding the time
trend of end-stage renal disease (ESRD) in people with diabetes. This study aims
to analyze the incidence of ESRD, defined as chronic renal replacement therapy
(RRT), to investigate time trends among people with and without diabetes in Ger-
many and to examine whether these patterns differ by age and sex.

RESEARCH DESIGN AND METHODS

The data were sourced from nationwide data pooled from two German branches
of statutory health insurances covering �25 million inhabitants. We estimated
age- and sex-standardized incidence rates (IRs) for chronic RRT among people
with and without diabetes in 2010–2016 and the corresponding relative risks.
Time trends were analyzed using Poisson regression.

RESULTS

We identified 73,638 people with a first chronic RRT (male 60.0%, diabetes
60.6%, mean age 71.3 years). The IR of chronic RRT among people with diabetes
(114.1 per 100,000 person-years [95% CI 110.0–117.2]) was almost six times high-
er than among people without diabetes (19.6 [19.4–19.8]). A consistent decline in
IR was observed among people with diabetes (3% annual reduction, P < 0.0001)
for both sexes and all age classes. In contrast, no consistent change of IR was
identified in people without diabetes. Only among women aged <40 years (P 5
0.0003) and people aged$80 years (P< 0.0001) did this IR decrease significantly.

CONCLUSIONS

Incidence of chronic RRT remained significantly higher among people with dia-
betes. The IR decreased significantly in people with diabetes independent of age
and sex. Time trends were inconsistent in people without diabetes.

End-stage renal disease (ESRD) is a life-threatening complication in patients with
diabetes, resulting in reduced quality of life, high mortality, and increased medical
costs (1–5). A number of epidemiological studies estimated that one-half of
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patients with ESRD have diabetes when
starting chronic renal replacement ther-
apy (RRT) (6–8). Nevertheless, data
comparing the RRT incidence in people
with diabetes with those without dia-
betes are limited (9) and show wide
variation, with incidence rates (IRs)
among people with diabetes ranging
from 59 per 100,000 person-years (PY)
(10) to 678 per 100,000 PY (11). The
relative risk (RR) comparing IRs in peo-
ple with and without diabetes ranged
from 4 (12) to 8 (11). However, different
methodological approaches among the
studies reduce the comparability of
results. In particular, a high number of
studies referred the RRT incidence
in people with diabetes to the entire
population (6,13–15). Other studies
solely analyzed diabetes-associated
ESRD with diabetic nephropathy as the
primary reason for RRT, which is the
cause of ESRD in only one-half of peo-
ple with type 2 diabetes (7,10). The re-
sults of those population-based studies,
which analyzed the time trend of RRT
IRs among people with diabetes irre-
spective of the underlying reason for
RRT in the diabetic population, were
contradictory. A decrease in incidence
was seen in Hong Kong (16), whereas a
stable time trend was found in Italy
(17) and, indeed, an increasing trend
found in Australia when solely consider-
ing type 2 diabetes (18). Moreover,
some studies reported significant age
differences regarding the time trend of
RRT incidence (18,19). A U.S. study ob-
served an increased incidence of ESRD
as a result of diabetic nephropathy
among people aged 18–45 years since
2010 but a plateaued trend among peo-
ple aged $45 years (19). These results
demonstrate the relevance of age- and
sex-specific analysis for a correct under-
standing and interpretation of the tem-
poral development of RRT incidence in
people with and without diabetes.

In another recent study, we analyzed
the RRT incidence in people with and
without diabetes in 2002–2016, using
data from one regional German dialysis
center (8). In this study, the IR did not
change during the observation period
either in the population with or in the
population without diabetes. The inci-
dence was �4.5 times higher among
people with diabetes than among those
without. However, the study population
was too small to analyze age- and sex-

specific time trends. Furthermore, the
generalizability of those results to a na-
tionwide population was limited. The
aim of the current study, therefore, was
1) to analyze the IR of RRT in Germany
among people with and without dia-
betes as well as the corresponding RR
and attributable risk to diabetes and 2)
to investigate time trends for the period
2010–2016 and analyze whether these
patterns differ by age class and sex.

RESEARCH DESIGN AND METHODS

Study Design, Study Population, and
Data Assessment
We pooled anonymized nationwide
data of people who were insured
at the two German branches of statu-
tory health insurance companies—Allge-
meine Ortskrankenkasse (AOK) (87% of
the study population) and Betriebskran-
kenkasse (13%)—between 1 January
2009 and 31 December 2017. These
data cover �25 million inhabitants (i.e.,
30% of the German population) who
were continuously insured in this period
(i.e., #90-day gap) for at least 1 year, a
prerequisite for defining the insured
person’s diabetes status. In Germany,
health insurance is mandatory. Approxi-
mately 90% of the population in Ger-
many are insured by statutory health
insurance funds, while the remaining
10% are privately insured. Although
there are several differences between
the statutory and private system, both
provide full-coverage health insurance,
and German citizens have the same ac-
cess to medical services, such as RRT.

Using an established algorithm (20),
all people included in the study were
classified as having diabetes if at least
one of the following criteria was met:
1) diagnosis of diabetes (ICD-10 codes
E10–E14) in at least three of four con-
secutive quarters, 2) at least two
prescriptions of antihyperglycemic med-
ications (Anatomical Therapeutic Chem-
ical code A10) within 1 year, or 3) at
least one diagnosis of diabetes and pre-
scription of an antihyperglycemic medi-
cation and one measurement of blood
glucose or HbA1c in the same quarter
(to avoid false-positive cases as a result
of data errors). We also included people
with new-onset diabetes. These people
were classified as having diabetes from
the first quarter in which the diabetes

criterion was fulfilled and retained their
status throughout the study.

We identified all people with a first
RRT between 1 January 2010 and 31
December 2016. Data from the years
2009 and 2017 were used only for the
definition of RRT and diabetes (see
below).

All cases of RRT among people with
and without diabetes were recorded in-
dependently of the underlying reason
for RRT. Chronic RRT was defined as
chronic dialysis or preemptive kidney
transplantation as indicators for treated
ESRD. In line with a previous study (5),
occurrence of dialysis was defined as at
least one relevant physician service (i.e.,
hemodialysis, hemofiltration, peritoneal
dialysis, hemodiafiltration) or related
consultation fee arising from hospital or
outpatient treatment. Dialysis was re-
corded as chronic dialysis if one of the
following criteria was fulfilled: 1) dialysis
claims were documented at least once
per week over a period of 12 consecu-
tive weeks; 2) dialysis < 12 weeks was
documented before a person died with
an ESRD-relevant diagnosis in at least
three subsequent quarters.

People with a “condition after trans-
plantation” diagnosis were excluded if
there had been no documented kidney
transplantation during the observation
period. Furthermore, we excluded peo-
ple with RRT in 2009 or in the first year
of their insurance period since only inci-
dent RRT in 2010–2016 was assessed.

Statistical Analysis
We conducted all analyses for the entire
population as well as stratified by sex
and age class using the age strata 0–39,
40–49, 50–59, 60–69, 70–79, and $80
years. IRs for chronic RRT were esti-
mated by taking the number of first
chronic RRT per person for each year of
the observation period as the numer-
ator and dividing by the cumulative PYs
at risk from all insurance quarters of all
insured people in the respective year
minus those with a prevalent chronic
RRT as the denominator. Stratum-specif-
ic and age- and sex-standardized IRs of
chronic RRT were calculated with a 95%
CI in the population with and without
diabetes for each calendar year, using
the German population of 2013 as a
standard population with the aforemen-
tioned age strata. Furthermore, the
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standardized IR of the population with
and without diabetes was divided to
calculate the IR ratios (IRRs) for each
calendar year. We also calculated attrib-
utable risk among the population with
diabetes and the population-attribut-
able risk as a result of diabetes for each
year to determine the percentage of
people in whom RRT could theoretically
be avoided if there were no exposure
(i.e., diabetes).
To examine time trends, Poisson re-

gression models were fitted with the IR
of chronic RRT as the dependent vari-
able for people with and without dia-
betes, both in the population as a
whole and in the age and sex strata.
Year of RRT (difference from 2010) was
used as an independent variable to esti-
mate the effect of calendar time. All
models that were not stratified for age
and/or sex were adjusted for these vari-
ables using the youngest age-group
(<40 years) and female sex as a refer-
ence group. Furthermore, analogous
Poisson models were fitted for the en-
tire population, including a variable
presence of diabetes (yes vs. no) and an
interaction term “diabetes * year of
RRT” to ascertain whether time trends
differed significantly between the popu-
lations with and without diabetes.
To account for overdispersion of the

outcome, we adjusted all models for de-
scale on the basis of cumulated data on
the covariate strata. We performed all
analyses using SAS 9.4 TS1M1 for Win-
dows (SAS Institute, Cary, NC).

Ethics
Neither individual written consent by
patients nor ethical approval was re-
quired because the data were anonym-
ous and no link to primary data was
intended (21).

RESULTS

Study Population
The description of all insured people is
presented in Table 1. Diabetes preva-
lence remained nearly constant (12.6%
in 2010, 12.4% in 2016), with a some-
what higher proportion in women
(13.2% vs. 12.5%).
We identified 73,638 people (44,196

men, 29,442 women) with a first chron-
ic RRT in the period 2010–2016. About
three-fifths of these people (men
59.3%, women 62.6%) had diabetes at

the start of first chronic RRT, with pro-
portions remaining stable throughout
the study period.

The mean age at the start of chron-
ic RRT was 71.3 years. People with
diabetes were markedly older at the
start of chronic RRT (73.0 years) than
those without diabetes (68.6 years).
The age at the start of chronic RRT in-
creased slightly in people with dia-
betes from 72.6 to 73.5 years
between 2010 and 2016 but de-
creased in people without diabetes
from 69.2 to 67.6 years.

IR, RR, and Attributable Risk
Age- and sex-standardized IR, IRR, and
attributable risks are shown for each
calendar year in Table 2 and Fig. 1. The
IR (per 100,000 PY) of chronic RRT in
the population with diabetes was 135.0
(95% CI 124.7–145.3) in 2010, 110.2
(102.1–118.4) in 2013, and 106.7
(99.4–113.9) in 2016. We observed a
substantially lower IR in the population
without diabetes of 21.3 (20.7–21.9) in
2010, 18.4 (17.9–19.0) in 2013, and
19.7 (19.1–20.3) in 2016. The RR (IRR)
comparing the RRT incidence between
people with and without diabetes was
6.3 (95% CI 5.8–6.9) in 2010, 6.0
(5.5–6.5) in 2013, and 5.4 (5.0–5.8) in
2016. More than four-fifths of the in-
cidence of chronic RRT in people with
diabetes was attributable to diabetes.
In the total population, almost one-
half of chronic RRT incidence was at-
tributable to diabetes. The IR was
twice as high in men than in women,
with greater differences in the subpo-
pulation without diabetes than with
diabetes. In contrast, the RR and at-
tributable risk were higher in women.
However, all observed trends were
quite similar in both sexes.

Analysis of Time Trend in the Entire
Population and Stratified by Age and
Sex
The results of the incidence time trend
from the fully adjusted Poisson models
are shown in Table 3. The effect of
calendar year in the population with
and without diabetes is shown in mod-
els 1 and 2. We found a significant de-
crease in chronic RRT incidence in the
population with diabetes during the
observation period of 3% per year (RR
per calendar year 0.972 [95% CI
0.965–0.979], P < 0.0001). We observed

this trend in both sexes in almost all age
classes (except men aged <40 years) (RR
0.998 [0.971–1.026], P 5 0.91), although
this decrease was not statistically signifi-
cant in some age-groups.

No consistent temporal change was
observed among the entire population
without diabetes (RR 0.991 [95% CI
0.980–1.001], P 5 0.091). The age- and
sex-stratified analysis only revealed a
significant decrease in incidence among
women aged <40 years (0.977 [0.965–
0.989], P 5 0.0003) and in both sexes
aged >80 years (0.982 [0.976–0.989],
P < 0.0001).

Across the whole population
(Supplementary Table 1, model 1), inci-
dence of chronic RRT increased signifi-
cantly with age, male sex, and diabetes
(all P < 0.0001), the latter being true in
all age and sex classes. No consistent
changes were observed in the RRs be-
tween populations with and without
diabetes as evidenced by the nonsignifi-
cant (P 5 0.29) diabetes * calendar
year interaction (Supplementary Table
1, model 2).

CONCLUSIONS

Main Findings
This study is one of only few large
population-based studies to analyze
the time trend of chronic RRT inci-
dence in the population with and
without diabetes, using the popula-
tion with diabetes as a population at
risk and recording all cases of
chronic RRT irrespective of the
underlying reason. IRs among peo-
ple with diabetes were almost six
times higher than in people without
diabetes. A significant decrease in
the incidence of chronic RRT was
found during the observation period
in people with diabetes independ-
ent of age and sex. However, no
consistent time trend was observed
in people without diabetes regard-
ing age and sex.

Comparison With National Studies
In the current study, the IR in the popu-
lations with and without diabetes is in
line with and somewhat higher, respect-
ively, than the findings of another Ger-
man study that analyzed claims data of
one small insurance company in 2005/
2006–2008 (5). Compared with our re-
cent regional study analyzing data from
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one regional German dialysis center (8)
where no change of time trend was
found, the IR of RRT in the current
study is �1.3 times higher in both pop-
ulations with and without diabetes, and
thus, the RRs were very comparable.
One possible explanation for the differ-
ent findings between the two studies
could be disparities between German
health insurance funds and German re-
gions with regard to insurant structures,
health behaviors, and prevalence of dis-
eases such as cardiovascular disease
and diabetes (22–24). In particular, the
increased RRT incidence in our study
compared with the two previous Ger-
man studies is due to the large propor-
tion of study participants insured by the
AOK. AOK is known to have a high pro-
portion of insured persons with cardio-
vascular diseases and diabetes, a high
number of people with migratory back-
grounds, and a high number of people
who smoke (24), all of which are known

factors for the development of kidney
disease and ESRD.

Comparison With International Studies
An international comparison with other
studies is difficult since different methodo-
logical approaches were used among the
studies. We found only a few epidemio-
logical population-based studies with
comparable study design regarding 1) out-
come (all cases of RRT and not only dia-
betic nephropathy as a primary reason for
RRT) and 2) denominator (population with
diabetes as a population at risk [i.e., dia-
betes prevalence known or at least
estimable]).

The age- and sex-standardized IR of
chronic RRT in people with diabetes in-
cluded in our study (114.1 per 100,000 PY)
was fairly comparable with findings from
Australia (93 per 100,000 PY) (18) and with
results from Italy (17). Likewise, the age-ad-
justed RR comparing people with and

without diabetes in our study was well in
line with those observed in Italy (17).

The crude IR of chronic RRT among
people with diabetes in our study was
considerably lower (i.e., three to seven
times) than those estimated in studies
from Taiwan (11,25) and Hong Kong
(16). However, comparability was lim-
ited by different definitions of outcomes
and study populations. Interestingly, un-
like our study, neither of the Asian stud-
ies identified a sex difference regarding
incidence of chronic RRT (11,25).

Three studies reported time trend
with contradictory results. The decrease
in chronic RRT incidence in people with
diabetes of 4% per year observed in the
Hong Kong study between 2000 and
2012 was very comparable with our
findings (16). In contrast, the 2004–
2013 Italian study observed stable IRs in
both populations with and without dia-
betes (17). Likewise, a study from Aus-
tralia covering the years 2002–2013

Table 2—RRT incidence Germany, 2010–2016

IR* (95% CI) per 100,000 PY

Variable IRt IRd IRn IRR ARE PAR

All years combined
Total 35.5 (35.2–35.7) 114.1 (111.0–117.2) 19.6 (19.4–19.8) 5.8 (5.6–6.0) 0.83 (0.82–0.83) 0.45 (0.44–0.45)
Men 49.9 (49.4–50.4) 147.6 (142.5–152.7) 28.9 (28.5–29.3) 5.1 (4.9–5.3) 0.80 (0.80–0.81) 0.42 (0.41–0.43)
Women 24.2 (23.9–24.4) 84.7 (81.4–88.1) 12.6 (12.4–12.8) 6.7 (6.4–7.0) 0.85 (0.84–0.86) 0.48 (0.47–0.49)

Men and women stratified
by year

2010 38.3 (37.6–39.0) 135.0 (124.7–145.3) 21.3 (20.7–21.9) 6.3 (5.8–6.9) 0.84 (0.83–0.85) 0.44 (0.43–0.46)
2011 36.9 (36.2–37.6) 122.1 (113.2–130.9) 20.0 (19.4–20.6) 6.1 (5.6–6.6) 0.84 (0.82–0.85) 0.46 (0.45–0.46)
2012 35.2 (34.6–35.9) 114.9 (106.5–123.4) 19.0 (18.4–19.6) 6.0 (5.6–6.5) 0.83 (0.82–0.85) 0.46 (0.45–0.47)
2013 34.0 (33.3–34.6) 110.2 (102.1–118.4) 18.4 (17.9–19.0) 6.0 (5.5–6.5) 0.83 (0.82–0.85) 0.46 (0.45–0.47)
2014 34.0 (33.3–34.7) 109.1 (101.2–117.0) 19.0 (18.4–19.5) 5.8 (5.3–6.2) 0.83 (0.81–0.84) 0.44 (0.43–0.45)
2015 35.1 (34.4–35.8) 107.0 (99.7–114.2) 19.8 (19.2–20.5) 5.4 (5.0–5.8) 0.81 (0.80–0.83) 0.43 (0.43–0.44)
2016 34.9 (34.2–35.6) 106.7 (99.4–113.9) 19.7 (19.1–20.3) 5.4 (5.0–5.8) 0.82 (0.80–0.83) 0.43 (0.43–0.44)

Men
2010 53.5 (52.1–54.8) 166.8 (151.6–182.0) 31.1 (29.9–32.2) 5.4 (4.9–5.9) 0.81 (0.79–0.83) 0.42 (0.40–0.43)
2011 52.1 (50.8–53.4) 156.3 (142.3–170.3) 29.5 (28.3–30.6) 5.3 (4.8–5.8) 0.81 (0.79–0.83) 0.43 (0.43–0.44)
2012 49.6 (48.4–50.9) 149.1 (135.2–163.1) 28.3 (27.2–29.5) 5.3 (4.8–5.8) 0.81 (0.79–0.83) 0.43 (0.42–0.44)
2013 47.9 (46.6–49.1) 142.2 (128.9–155.4) 27.1 (26.0–28.2) 5.3 (4.7–5.8) 0.81 (0.79–0.83) 0.43 (0.42–0.45)
2014 47.7 (46.5–48.9) 139.9 (126.6–153.2) 28.1 (27.0–29.2) 5.0 (4.5–5.5) 0.80 (0.78–0.82) 0.41 (0.40–0.42)
2015 49.5 (48.3–50.7) 139.7 (127.5–151.9) 28.8 (27.7–29.9) 4.9 (4.4–5.3) 0.79 (0.77–0.81) 0.42 (0.41–0.43)
2016 49.4 (48.2–50.6) 142.0 (129.2–154.7) 29.4 (28.3–30.5) 4.8 (4.4–5.3) 0.79 (0.77–0.81) 0.41 (0.39–0.42)

Women
2010 26.3 (25.5–27.1) 107.8 (93.9–121.6) 13.8 (13.2–14.5) 7.8 (6.8–8.9) 0.87 (0.85–0.89) 0.47 (0.46–0.49)
2011 24.9 (24.2–25.7) 92.4 (81.8–103.0) 12.9 (12.2–13.5) 7.2 (6.3–8.1) 0.86 (0.84–0.88) 0.48 (0.47–0.49)
2012 24.1 (23.4–24.9) 85.1 (75.9–94.3) 12.1 (11.5–12.7) 7.0 (6.2–7.9) 0.86 (0.84–0.87) 0.50 (0.49–0.51)
2013 23.1 (22.4–23.9) 82.4 (73.2–91.6) 11.9 (11.3–12.5) 6.9 (6.1–7.8) 0.86 (0.84–0.87) 0.48 (0.47–0.50)
2014 23.3 (22.5–24.0) 81.8 (73.6–90.1) 12.1 (11.5–12.7) 6.8 (6.0–7.6) 0.85 (0.83–0.87) 0.48 (0.47–0.49)
2015 23.9 (23.1–24.6) 78.4 (70.7–86.2) 13.1 (12.4–13.7) 6.0 (5.4–6.7) 0.83 (0.81–0.85) 0.45 (0.44–0.46)
2016 23.5 (22.7–24.2) 75.1 (68.4–81.8) 12.3 (11.7–12.9) 6.1 (5.5–6.8) 0.84 (0.82–0.85) 0.48 (0.46–0.49)

IRR 5 IRd / IRn, where IRd is the cases of RRT in individuals with diabetes in the population with diabetes and IRn is the cases of RRT in indi-
viduals without diabetes in the population without diabetes. ARE, attributable risk of RRT because of diabetes among the population with dia-
betes ([IRd � IRn] / IRd); PAR, attributable risk of RRT because of diabetes in the total population ([IRt � IRn] / IRt), where IRt is all cases of
RRT in the total population.*Standardized to the German population, 2013.
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reported a stable time trend in people
with type 1 diabetes but a 4.5% in-
crease per year in people with type 2
diabetes (18). This increase in people
with type 2 diabetes may be explained
by extended access to RRT or a greater
willingness among elderly people with
several comorbidities to start RRT.

Despite only having analyzed diabetic
nephropathy as a reason for chronic
RRT among people with diabetes, the
findings of a large U.S. study are worthy
of mention (7). Although diabetic
nephropathy is the reason for chronic
RRT in only 50% of people with type 2
diabetes, the age- and sex-adjusted IRs
in the U.S. study were considerably
higher than in the current study (260.2
per 100,000 PY in 2000, 173.9 per
100,000 PY in 2014). The reported de-
crease in IRs during the study period
(2.8% reduction per year) was well in
line with the declining incidence in the
population with diabetes found in our
study. It is remarkable that another U.S.
study analyzing time trends of incidence
of hospitalizations for ESRD found an in-
creasing trend among young people
with diabetes aged 18–45 years while
the incidence has been plateauing in
the age-groups >45 years since 2010
(19). An Australian study analyzing the
age-specific time trend of chronic RRT
incidence found a strong annual in-
crease of 4.2% in the <50 and >80
age-groups among nonindigenous peo-
ple, with no consistent time trend ob-
served in the interim age-groups (18).
In contrast, the decrease in incidence
among people with diabetes identified
in our study was more prominent in the
younger age-groups, with the steepest
decrease in women <40 years (12%

reduction per year) and men aged
40–49 years (8% reduction per year).
The observed decrease of chronic RRT
incidence among people with dia-
betes in all age classes might partially
be apportioned to improvements in
diabetes care: better control of blood
glucose, among others, therapy with
sodium–glucose cotransporter 2 inhibi-
tors, as well as early, adequate, and
consistent therapy of hypertension
with renin-angiotensin-aldosterone sys-
tem blockers, and early diagnosis and
treatment of kidney disease at an early
stage in people with diabetes. This sug-
gestion is confirmed by increasing age
at the start of RRT during the study
period (72.6 years in 2010, 73.5 years in
2016). Moreover, the increased number
of people with diabetes participating in
the disease management programs for
type 1 and type 2 diabetes, which aim
to prevent complications of diabetes, in-
cluding ESRD, could also contribute to
this favorable trend. A further explan-
ation of this decline could be that more
people with diabetes were detected at
earlier stages of disease and, thus, had a
lower risk of late complications of dia-
betes, including ESRD. In contrast, the
time trend of incidence in the popula-
tion without diabetes was age and sex
dependent, with a significant decrease
only in women aged <40 years and in
men and women aged >80 years. The
decrease observed among younger
women could be a result of better com-
pliance and regulation of blood pressure
than in young men. The inconsistent
time trend of RRT incidence in the mid-
dle-age-group might be explained by a
late and insufficient treatment of hyper-
tension, which leads to deterioration of

renal function and, as a consequence, to
vascular nephropathy. The declining
rates among the elderly population
could be explained by improvements in
medical care for nephrological disorders.
Another explanation could be that older
patients with ESRD, who are often multi-
morbid, are treated without dialysis. In-
direct support for the latter could be
the decreasing age of patients without
diabetes at the start of dialysis from
69.2 to 67.6 years during the study
period.

Limitations and Strengths
Our study has some limitations. First,
the claims data used potentially did not
clearly distinguish between acute and
chronic dialysis, particularly among peo-
ple who died within 3 months of start-
ing dialysis. To account for this, we
developed an algorithm using a combin-
ation of physician services data for dia-
lysis and clinical diagnosis relevant to
chronic terminal renal disease. Second,
we were unable to analyze important
clinical variables, such as diabetes dur-
ation; clinical markers, such as glomeru-
lar filtration rate and blood pressure;
and lifestyle factors, such as smoking.
These variables are known prognostic
factors for the development of ESRD
among people with diabetes. Because of
the highly sensitive nature of these per-
sonal data and current data protection
legislation, physicians are not permitted
to transfer such data to insurance com-
panies. However, this data source does
offer the advantage of providing a large
number of cases, which allows for a
population-based approach. Besides, the
investigation of potentially explanatory
factors was not the main objective of
this study. Third, we were unable to dis-
tinguish between type 1 and type 2 dia-
betes with the current data set.
However, since the majority of people
with diabetes starting chronic RRT can
be assumed to be people with type 2
diabetes, our findings are primarily true
for a population with type 2 diabetes.
Fourth, our study population is confined
to two large statutory health insurance
branches constituting �30% of the Ger-
man population. Because of sociodemo-
graphic and health-related differences
between health insurance companies,
the insured people included in the study
may vary from those of other public and

Figure 1—Time trend of age- and sex-standardized IRs of RRT, men and women.

1296 Incidence of RRT in Germany Diabetes Care Volume 44, June 2021



Table 3—Results of Poisson models for people with and without diabetes: RRs for RRT, Germany, 2010–2016

Both sexes Men Women

RR† (95% CI) P value RR† (95% CI) P value RR† (95% CI) P value

Model 1 (population with diabetes)
Year 0.972 (0.965–0.979) <0.0001 0.973 (0.964–0.981) <0.0001 0.971 (0.961–0.980) <0.0001
Men vs. women 1.772 (1.720–1.825) <0.0001 — — — —

Age (years)*
$80 3.814 (3.252–4.472) <0.0001 4.071 (3.355–4.939) <0.0001 3.591 (2.926–4.407) <0.0001
70–79 3.969 (3.387–4.650) <0.0001 3.920 (3.235–4.749) <0.0001 4.055 (3.305–4.974) <0.0001
60–69 2.506 (2.135–2.942) <0.0001 2.538 (2.091–3.080) <0.0001 2.463 (2.000–3.034) <0.0001
50–59 1.629 (1.381–1.922) <0.0001 1.612 (1.322–1.965) <0.0001 1.693 (1.361–2.105) <0.0001
40–49 1.235 (1.028–1.485) 0.024 1.247 (1.004–1.547) 0.046 1.223 (0.949–1.577) 0.12

People aged <40 years only
Year 0.945 (0.904–0.989) 0.016 0.998 (0.971–1.026) 0.91 0.884 (0.838–0.933) <0.0001
Men vs. women 1.718 (1.432–2.061) <0.0001 — — — —

People aged 40–49 years only
Year 0.933 (0.905–0.963) <0.0001 0.917 (0.890–0.944) <0.0001 0.975 (0.921–1.032) 0.38
Men vs. women 1.754 (1.530–2.012) <0.0001 — — — —

People aged 50–59 years only
Year 0.970 (0.941–0.999) 0.046 0.973 (0.929–1.020) 0.26 0.962 (0.927–0.999) 0.042
Men vs. women 1.647 (1.446–1.875) <0.0001 — — — —

People aged 60–69 years only
Year 0.972 (0.959–0.984) <0.0001 0.966 (0.951–0.981) <0.0001 0.983 (0.962–1.005) 0.13
Men vs women 1.782 (1.685–1.883) <0.0001 — — — —

People aged 70–79 years only
Year 0.974 (0.962–0.986) <0.0001 0.979 (0.966–0.992) 0.0018 0.967 (0.946–0.988) 0.0022
Men vs. women 1.671 (1.591–1.755) <0.0001 — — — —

People aged $80 years only
Year 0.973 (0.962–0.985) <0.0001 0.972 (0.958–0.986) 0.0001 0.974 (0.955–0.994) 0.012
Men vs. women 1.960 (1.868–2.056) <0.0001 — — — —

Model 2 (population without diabetes)
Year 0.991 (0.980–1.001) 0.091 0.993 (0.983–1.002) 0.14 0.987 (0.977–0.997) 0.009
Men vs. women 2.313 (2.210–2.420) <0.0001 — — — —

Age (years)*
$80 39.492 (35.742–43.637) <0.0001 48.587 (44.411–53.156) <0.0001 28.279 (25.781–31.020) <0.0001
70–79 27.160 (24.622–29.960) <0.0001 30.524 (27.965–33.317) <0.0001 21.499 (19.595–23.589) <0.0001
60–69 12.505 (11.258–13.891) <0.0001 13.954 (12.713–15.315) <0.0001 10.045 (9.080–11.112) <0.0001
50–59 6.355 (5.697–7.089) <0.0001 6.845 (6.214–7.539) <0.0001 5.516 (4.964–6.129) <0.0001
40–49 3.485 (3.083–3.939) <0.0001 3.578 (3.209–3.989) <0.0001 3.325 (2.958–3.737) <0.0001

People aged <40 years only
Year 0.979 (0.960–0.998) 0.028 0.980 (0.946–1.014) 0.24 0.977 (0.965–0.989) 0.0003
Men vs. women 1.633 (1.508–1.768) <0.0001 — — — —

People aged 40–49 years only
Year 1.011 (0.993–1.029) 0.22 1.016 (0.986–1.047) 0.29 1.002 (0.986–1.019) 0.78
Men vs. women 1.754 (1.629–1.890) <0.0001 — — — —

People aged 50–59 years only
Year 1.005 (0.984–1.027) 0.64 1.006 (0.974–1.040) 0.70 1.003 (0.973–1.033) 0.86
Men vs. women 2.025 (1.848–2.220) <0.0001 — — — —

People aged 60–69 years only
Year 0.995 (0.975–1.014) 0.58 0.996 (0.976–1.018) 0.73 0.991 (0.952–1.031) 0.65
Men vs. women 2.266 (2.085–2.464) <0.0001 — — — —

People aged 70–79 years only
Year 0.987 (0.968–1.006) 0.17 0.987 (0.961–1.013) 0.31 0.987 (0.958–1.018) 0.42
Men vs. women 2.313 (2.142–2.498) <0.0001 — — — —

People aged $80 years only
Year 0.982 (0.976–0.989) <0.0001 0.987 (0.978–0.995) 0.0022 0.977 (0.968–0.986) <0.0001
Men vs. women 2.805 (2.732–2.880) <0.0001 — — — —

*Baseline: <40 years.†RR per 1-year increment.
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especially private health insurance com-
panies (22–24). Therefore, the results can
only be partially generalized to the entire
German population. However, the esti-
mated IRs in the populations both with
and without diabetes and the corre-
sponding RRs were comparable with
those of both previous German studies
(5,8). Finally, we analyzed the incidence
of chronic RRT, which only counts cases
of treated ESRD. It cannot be ruled
out that some patients did not receive
dialysis because of severe comorbidities,
such as a threat of heart failure, or
because of decisions against dialysis
for religious or other personal reasons.
However, all patients in Germany with
an existing medical indication for dialy-
sis have a statutory entitlement to
dialysis.

A number of strengths should also be
considered. First, our study is the first
nationwide population-based study in
Germany, covering almost one-third of
the German population, to analyze the
time trend of chronic RRT incidence
among people with and without dia-
betes. Second, we were able to record
all cases of chronic RRT in people with
diabetes independently of their primary
cause (i.e., not only diabetic nephrop-
athy as a primary cause for chronic
RRT). This is of note because especially
in patients with type 2 diabetes, it is
not always easy to distinguish between
diabetic nephropathy as a main reason
for ESRD and diabetes as a comorbidity
when people with diabetes have coex-
isting diseases (e.g., hypertension or
renal disease with nondiabetic patho-
genesis) (26,27). Finally, we were able
to estimate diabetes prevalence in
the study population using an estab-
lished algorithm. This methodological
approach considers the increasing pre-
valence of diabetes in the population at
risk (in contrast to IRs calculated in the
general population) and, thus, allows a
correct interpretation of results con-
cerning the time trend.

In conclusion, the IR of RRT was six
times higher in people with diabetes
than in those without diabetes during
the study period. The incidence of
chronic RRT significantly decreased dur-
ing the observation period in people
with diabetes in all age and sex classes.
In contrast, no consistent time trend
was seen in people without diabetes

with divergent age- and sex-specific
results.
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