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GRAPHICAL ABSTRACT

Comorbidity, lifestyle factors and healthcare utilization in incident
chronic kidney disease: sex-specific analyses of claims data

Chronic kidney disease (CKD) is common in ageing men and women. So far, data from patients with

Background incident CKD is sparse in Germany due to a lack of CKD registries.
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Incidence of CKD, especially stage 3, was higher in women than in men in Germany. Sex-specific
differences in comorbidity patterns, healthcare utilization and prescribed medications should be
considered in patients with incident CKD.
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KEY LEARNING POINTS

What is already known about this subject?

o Chronic kidney disease (CKD) is frequently found in ageing women in men, and the incidence and prevalence of the
disease is generally higher in women compared with men.

« Differences between men and women are likely due to complex interactions between biological, lifestyle as well as socio-
demographic factors, and have not been fully understood.

o Germany lacks CKD registries and therefore data for patients with CKD is sparse.

What this study adds?

« Higher incidence rates of CKD stages 2—5 were found in women compared with men. The incidence of stages 3 and 4 was
higher in women, while stages 2 and 5 were more often diagnosed in men.

o Men and women differed in terms of most cardiovascular, metabolic as well as renal comorbidities. Potentially inadequate
medications (PIM) were more frequently prescribed in women.

o While women with incident CKD visited a general practitioner (GP) more frequently, men were more likely to visit a

What impact this may have on practice or policy?

be monitored and treated by a GP alone.

nephrologist and were more often hospitalized in the first year after the incident CKD diagnosis.

o Increased awareness is needed to avoid the use of PIMs in patients with CKD, especially in women.
o The coordination of care should be improved to ensure that patients with advanced stages of CKD get timely access to
specialist care and to avoid a possible overprovision of patients with lower, uncomplicated incident CKD stages, who can

ABSTRACT

Background. Chronic kidney disease (CKD) is common
in aging men and women. In contrast to other European
countries, Germany lacks CKD registries. The aim of this
study was to determine the incidence of CKD stages 2-5
in men and women in Germany. Furthermore, differences
between the sexes in terms of comorbidities, potentially inap-
propriate medications (PIM), and healthcare utilization were
examined.

Methods. In this retrospective observational study, claims
data from members of a statutory health insurance fund aged
18 years or older with incident CKD between 2011 and 2018
were analyzed. Incident CKD was defined as having two
confirmed diagnoses of CKD stages 2-5 from outpatient care
or one primary or secondary diagnosis from inpatient care.
Results. The age- and sex-standardized incidence of all
CKD stages was 945/100 000 persons between 2011 and 2018.
Incident CKD, especially stages 3 and 4, occurred more
frequently in women, while the incidence of stages 2 and 5 was
higher in men. While women visited their GP more frequently
and were prescribed PIMs more often, men were more likely to
visit a nephrologist and were more often hospitalized after the
incident CKD diagnosis.

Conclusion. More awareness needs to be raised towards the
early detection of CKD and the use of PIMs, especially in
women. Improved care coordination is needed to avoid an
overprovision of patients with uncomplicated incident stages
and ensure that patients with advanced CKD stages get timely
access to specialist care.

Keywords: chronic kidney disease, claims data, healthcare
utilization, potentially inappropriate medications, sex

INTRODUCTION

Chronic kidney disease (CKD) is mainly found in older adults
and affects both men and women [1]. Even though the age-
standardized prevalence of CKD has decreased in Germany by
4.7% since the 1970s [2], it is still one of the highest compared
with other European countries [3].

There is growing evidence that sex (biological) and gender
(socio-cultural) are important factors in the etiology, progres-
sion and therapy of CKD [4]. Previous studies found a higher
prevalence of CKD in women than in men, especially in non-
dialysis-dependent stages [5-7]. The disease seems to progress
more rapidly in men with higher rates of renal replacement
therapy and increased mortality [2, 5, 8]. Those differences
are likely due to complex interactions between biological,
lifestyle and socio-demographic factors and have not been fully
understood [4, 7]. Disparities between the sexes in healthcare
delivery and access to healthcare may contribute as modifying
factors, especially in those with advanced CKD [2, 4].

Patients with CKD are at an increased risk for overall
morbidity and (cardiovascular) mortality [1, 2, 9, 10]. The
prevention of disease progression is the primary goal of therapy
and is closely linked to early detection and adequate treatment
of the underlying disease [3]. Healthcare data of patients with
CKD can provide valuable knowledge to improve therapeutic
management. In contrast to other European countries [11],
Germany lacks CKD registries and therefore, data on the
incidence of CKD are sparse.

The aim of this study was to determine the incidence
of CKD stages 2-5 in men and women in Germany using
claims data. A further aim was to explore possible differences
between the sexes in terms of comorbidities, lifestyle factors
and medications, and to analyze the utilization of in- and
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outpatient healthcare in this cohort of adults with incident
CKD.

MATERIALS AND METHODS
Data source and data set

In this retrospective cohort study, data from a re-
gional statutory health insurance fund [Allgemeine Ort-
skrankenkasse (AOK) Baden-Wiirttemberg] from both out-
patient and inpatient care were analyzed covering a study
period from 2011 to 2018. The health insurance fund counted
4250889 members in 2018, corresponding to 36.6% of the
inhabitants of the federal state of Baden-Wiirttemberg.

Data were anonymized in a two-step process by the
statutory health insurance fund prior to data transmission.
The data set comprised socio-demographic information (age,
sex, area of residence [12]), quarter and year of death,
insurance time, and data from inpatient and outpatient care
[International Classification of Diseases 10th revision, German
modification (ICD-10-GM) codes, Anatomical Therapeutic
Chemical (ATC) Classification System codes], as well as data
on dialysis (hemo- and peritoneal dialysis). ICD-10-GM codes
were available from both in- and outpatient care, whereas ATC
codes were available from outpatient care only.

Study population

The study population comprised all members of the
statutory health insurance fund, who were at least 18 years
of age and had an incident diagnosis of stages 2-5 of CKD
between 2011 and 2018. CKD stage 1 [glomerular filtration rate
(GFR) 90 to <120 mL/min/1.73 m?] was not included in the
analysis since the coding quality of this stage is presumably
poor in Germany. Stages of CKD were defined according to
GEFR categories proposed by the KDIGO 2012 Clinical Practice
Guideline [1] and using the following ICD-10-GM codes:

« Stage 2 (GFR 60 to <90 mL/min/1.73 m?): N18.82,N18.2
« Stage 3 (GFR 30 to <60 mL/min/1.73 m?): N18.83,N18.3
« Stage4 (GFR 15 to <30 mL/min/1.73 m?): N18.84, N18.4
« Stage 5 (GFR <15 mL/min/1.73 m?): N18.5

In contrast to the KDIGO guideline, ICD-10-GM does not
differentiate between CKD stages 3a and 3b, and therefore
CKD stage 3 was not further subdivided in this analysis.

A CKD diagnosis from outpatient care was recorded as
an incident diagnosis if it occurred in two quarters within
1 year (M2Q criterion) and if it was a confirmed diagnosis
[13]. If the M2Q criterion was met, the first quarter with a
CKD diagnosis was defined as the incident quarter. In the
inpatient setting, one primary or secondary diagnosis of CKD
was sufficient to be counted as an incident diagnosis. When
multiple stages of CKD occurred in the incident quarter,
the higher stage was chosen as the incident stage. To ensure
that the recorded incident diagnosis was indeed the first
one, we determined a 2-year period prior to the incident
diagnosis that could not contain any previous CKD diagnosis.
In addition, patients with CKD had to be insured with the
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Persons with an incident CKD diagnosis
stages 2-5 between 2009-2018
n = 388873

< 2 years of available observation
time prior to the incident CKD
diagnosis:
« Incident CKD diagnosis in 2009
or 2010 (n = 95006)
* Not insured with the same health
insurance fund (n = 10555)

Persons with an incident CKD diagnosis
stages 2-5 between 2011-2018 and
« > 2 years of available observation time
prior to the incident diagnosis
n=283312

Cases with implausible data:

 Death recorded prior to incident
CKD diagnosis (n = 1)

* RRT prior to incident CKD
diagnosis: chronic dialysis and/or
kidney transplant (n = 475)

Persons with an incident CKD diagnosis
stages 2-5 between 2011-2018 and
« > 2 years of available observation time
prior to the incident diagnosis and
« without prior RRT
n = 282836

Figure 1: Flow-chart of study exclusion criteria. CKD, chronic kidney
disease; RRT, renal replacement therapy.

same statutory health insurance fund at least 2 years prior to
the incident diagnosis. Patients were excluded if they had a
history of kidney transplantation or received chronic dialysis
(>12 sessions of hemodialysis per quarter or one session of
peritoneal dialysis) prior to the incident CKD diagnosis. An
overview of all exclusion criteria is shown in Fig. 1. The final
study population consisted of 282 836 men and women with
incident CKD stages 2 to 5 between 2011 and 2018.

Information on the definition of comorbidities, lifestyle
factors and healthcare utilization can be found in the Supple-
mentary materials and methods.

Statistical analysis

Differences between men and women were analyzed using
Chi®-test for nominal variables, Students t-test for metric
variables, and Wilcoxon-Mann-Whitney test for ordinal and
non-normally distributed metric variables, respectively. The
annual incidence of CKD was directly standardized according
to the age and sex distribution of the German standard
population in 2011 [14]. The 95% confidence intervals were
calculated for the age- and sex-standardized incidence rates
assuming that they follow a normal distribution.

The association between sex and the number of hospital-
izations in the first year after the incident CKD diagnosis was
examined using negative binomial regression. More detailed
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information on the regression analysis can be found in the
Supplementary materials and methods.

All statistical analyses were conducted using IBM SPSS for
Windows, version 27 (IBM Corp., Armonk, NY, USA). This
study was reported according to the Strengthening the Re-
porting of Observational studies in Epidemiology (STROBE)
statement. Ethics approval for this study was obtained from
the Ethics Committee of the University Medical Faculty
and the University Hospital Tiibingen (reference number:
380/2020BO).

RESULTS

Incident stages 2-5 of CKD were found in 282 836 men and
women aged 18 years or older. Baseline characteristics of the
study population stratified by sex and incident CKD stage
are shown in Table 1 and Supplementary data, Table S1. The
mean age of the whole study population was 76 years (SD
=£11 years). Women made up 56% of the study population and
were significantly older than men at the time of the incident
diagnosis.

Incidence of CKD

The average age- and sex-standardized incidence of all
CKD stages was 945/100 000 persons between 2011 and 2018.
Figure 2 and Supplementary data, Table S2 show the crude
and age- and sex-standardized incidence of CKD stages 2-
5. With an average annual incidence of 541/100 000 persons,
CKD stage 3 was the most frequent of all stages, followed
by stage 2 with an average annual incidence of 313/100 000
persons. The incidence of CKD stages 4 and 5 was 77/100 000
and 14/100000 persons, respectively (see Table 2 and Sup-
plementary data, Table S2). Over the years, a trend towards
decreasing incidence rates was observed in CKD stages 4 and
5, whereas the incidence rate of CKD stage 3 proved to be more
consistent apart from a peak in 2013. The incidence rate of
CKD stage 2 has increased continuously since 2012 except for
2018.

Figure 3 and Supplementary data, Table S2 show crude
and age-standardized annual incidence rates of the different
CKD stages stratified by sex. In general, the incidence of
CKD was higher in women than men (947/100 000 women
versus 860/100 000 men) between 2011 and 2018. The annual
incidence rate of CKD stage 2 was higher in men than in
women until a turning point in 2016, while incidence rates
of stages 3 and 4 proved to be higher in women than men
throughout the observation period. Incident CKD stage 5 was
more often diagnosed in men than in women.

Lifestyle factors, comorbidities and potentially
inappropriate medications

Further baseline characteristics of the study population are
shown in Table 1 and Supplementary data, Table S1. Men and
women differed significantly concerning all lifestyle factors.
In general, obesity was present in approximately 30% of the
study population, while the prevalence of smoking and alcohol

consumption was 9% and 4%, respectively. While smoking
and alcohol consumption were more prevalent in men, women
were more frequently obese.

The most frequent comorbidities were hypertension, hyper-
lipidemia, diabetes mellitus type 2, ischemic heart disease and
heart failure. Men and women differed significantly in terms of
all comorbidities, except for hyperaldosteronism. The higher
burden of comorbidities in men compared with women was
also reflected in significantly higher values of the Charlson
Comorbidity Index. In turn, women were significantly more
often prescribed potentially inappropriate medications (PIMs)
than men (see Supplementary data, Table S1).

Healthcare utilization

Outpatient care

Table 2 shows the utilization of outpatient care stratified
by sex and incident CKD stage. Almost all men and women
consulted a general practitioner (GP) at least once during the
observation period. Those with incident CKD stage 5 visited a
GP less often compared with the other stages. While over 90%
of women and men with incident CKD stages 2-4 visited a GP
in three or more quarters per year, lower frequencies were of
found in those with incident CKD stage 5, especially in men.

In total, 12% of women and 18% of men sought the care
of a nephrologist during the whole observation period with
more visits in the higher incident CKD stages (see Table 2).
The majority of men and women with incident CKD stages 2-
4 visited a nephrologist in fewer than one quarter on average
during the observation period, whereas 43% of men and 41%
of women with incident stage 5 consulted a nephrologist every
quarter over the years. The median time until the first visit
to a nephrologist was one quarter in both men and women
independent of the incident CKD stage (see Table 2). In
general, the higher the incident CKD stage, the earlier a visit
to a nephrologist.

Inpatient care

The number of hospitalizations during the first year after
the incident CKD diagnosis is shown in Table 3. Statistically
significant differences between the four incident stages of
CKD were found in men and women. The number of
hospitalizations increased with higher incident CKD stages. In
general, men were hospitalized more often than women.

Supplementary data, Table S3 shows the association of sex
and other predictors with the number of hospitalizations in the
first year after the incident CKD diagnosis. The risk of being
hospitalized was 16% lower in women compared with men
(incidence rate ratio 0.841, 95% confidence interval 0.830-
0.852). Independent of sex, the hospitalization rate increased
with higher incident CKD stage, higher Charlson Comorbidity
Index score as well as increasing number of PIMs.

DISCUSSION

To our knowledge, this is the first study to determine the
incidence of CKD in the German population. Previous studies
from Germany focused solely on CKD prevalence [15-19].
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Figure 2: Age- and sex-standardized incidence of chronic kidney disease in adults between 2011 and 2018. The 95% confidence intervals are

presented as transparent areas behind each curve.

The age- and sex-standardized annual incidence of CKD was
945/100 000 persons and a higher incidence rate of CKD stages
2-5 was found in women than men, with CKD stage 3 as
the most frequently diagnosed stage among both sexes. The
incidence of stages 3 and 4 proved to be higher in women, while
stages 2 and 5 were more often diagnosed in men. Statistically
significant differences between the sexes were found in almost
all comorbidities, and PIMs were more frequently prescribed
in women. While women visited a GP more frequently, men
were more likely to visit a nephrologist and were more often
hospitalized in the first year after the incident CKD diagnosis.

Incidence of CKD

CKD is a common diagnosis in older adults [20, 21], which
was also reflected in our study population. Previous studies
reported varying incidence rates of CKD. With 170/100 000
population, a study from the UK with a similar median age
reported a lower annual incidence rate compared with our
study [20]. The Framingham Offspring study found incident
kidney disease in 9400/100000 of their community-based
cohort with a mean age of 43 years [22]. A study in 3313 Iranian
adults (>20 years) reported an annual incidence of CKD stages
3-5 of more than 2000/100 000 [23], which is high compared
with our results. Differences between previous studies and
our study are likely due to different definitions or diagnostic
criteria of CKD and deviating inclusion criteria.

Sex differences

Sex differences in the etiology, epidemiology and prognosis
of CKD are well established in the literature [5-7, 24-27].
In line with our results, a Japanese study reported an annual
incidence of CKD stage 3 or above that was lower in men

Comorbidity, life-style factors and healthcare utilization in incident chronic kidney disease

(800/100 000) compared with women (1500/100 000) [28]. In
contrast, Drey and colleagues found higher annual incidence
rates of CKD among men in all age groups, especially those
aged 80 years and older [20].

CKD, especially stage 2, is typically asymptomatic and
mainly identified through routine check-ups or as incidental
finding [29]. Men in our study population had a higher
burden of comorbidities than women at the time of incident
CKD diagnosis, which might have increased their chances
of being incidentally diagnosed with CKD stage 2. In turn,
women in our study population were significantly older at the
time of the incident diagnosis. The fact that kidney function
declines physiologically (and mostly asymptomatically) with
age combined with a lower burden of comorbidities and higher
life expectancy [6] might explain the higher incidence of CKD
stages 3 and 4 in women in our study population [30].

Comorbidities and medications

Comorbidities and previous acute diseases were frequently
found in our cohort of men and women with CKD. The most
common causes of CKD in high- and middle-income countries
are hypertension and diabetes mellitus [21]. Hypertension and
heart failure were more often found in women in our study
cohort, whereas other cardiovascular diseases and diabetes
mellitus were more frequently diagnosed in men. In contrast to
these frequent causes of CKD, rarer diseases such as polycystic
kidney disease, amyloidosis and multiple myeloma were more
frequently found in higher CKD stages, as well as nephritic and
nephrotic syndrome as signs of glomerular damage. This could
result from a more rapid deterioration of kidney function in
patients with these diseases. Patients with polycystic kidney
disease, for example, are known to experience a varying but
fast GFR decline over the years [31]. In a meta-analysis
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Figure 3: Age-standardized incidence of chronic kidney disease in adults between 2011 and 2018 stratified by sex. The 95% confidence intervals

are presented as transparent areas behind each the curve.

containing data from 11 345 patients, the authors concluded
that especially men with non-diabetic CKD experienced faster
disease progression than women [32]. Differences between the
sexes in terms of comorbidities might also be attributed to
women being significantly older than men at the time of the
incident CKD diagnosis.

Interestingly, women aged 65 years and older were more
prone to being prescribed PIMs across all CKD stages
than men. Since the kidney plays an important role in the
pharmacokinetics of various medications, prescribing PIMs in
patients with impaired kidney function might have detrimental
effects. In line with our results, a study in 6392 patients with
CKD identified female sex as a predictor for the use of kidney-
based PIM [33]. A recent cross-sectional study using Medicare
data found that the odds of women with CKD receiving PIMs
were 1.25 times higher than men [34]. Therefore, medications
that are taken on a regular basis should be re-evaluated by both
GPs and nephrologists when (female) patients aged 65 years or
older are diagnosed with CKD.

Inpatient and outpatient care

After being diagnosed with incident CKD, 12% of women
and 18% of men in our study population were seen by a
nephrologist. This proportion increased with higher incident
CKD stages. These results are consistent with previous studies
that reported significant associations of male sex, younger
age and lower estimated GFR with both prior contact with
a nephrologist and referral to a nephrologist, respectively
[35, 36]. Referral to a nephrologist is advised in patients
with a GFR <30 mL/min/1.73 m? in current clinical practice
guidelines [1], and accordingly, those with incident CKD
stages 4 and 5 visited a nephrologist earlier after the incident
diagnosis and more frequently than those with lower incident
stages in our study population. Previous studies have shown

that early nephrologist referral was associated with improved
outcomes in patients with more advanced pre-dialysis CKD
[36, 37]. The Chronic Renal Insufficiency Cohort study
evaluated whether patients with mild to moderate CKD also
benefited from referrals to specialists. They concluded that
study participants who had prior contact with a nephrologist
were more likely to be treated for CKD complications even
though there was no statistically significant association with
estimated GFR loss >50%, incident cardiovascular disease and
death [35]. The guideline of the German College of General
Practitioners and Family Physicians recommends basing the
decision for the referral to a nephrologist depending on age,
comorbidities, general health condition and preference of the
patient, in addition to areduced GFR [38]. This approach could
avoid possible overprovision of patients with less complicated
CKD and less advanced CKD stages, who can be treated by
their GP alone. Nevertheless, the association between early and
regular visits to nephrologists and long-term outcomes in men
and women with CKD needs further investigation.

Men were more frequently hospitalized in the first year
after the incident CKD diagnosis than women, and male sex
remained a statistically significant predictor of the number of
hospitalizations after adjusting for other factors. A possible
explanation for higher hospitalization rates among men could
be that kidney function declines faster in men than in women
with CKD, requiring inpatient treatment [5-7]. Additionally,
previous studies have shown that men with CKD were more
likely to receive renal replacement therapy and suffer from
cardiovascular events [39, 40], which could result in more
hospital stays. Since we only analyzed hospitalizations due to
all causes, we cannot make inferences about the reasons for the
hospital stays in our study. A previous cohort study found that
cardiovascular, genitourinary, digestive, endocrine, nutritional
or metabolic, and respiratory causes were the most frequent
among patients with CKD [41].

Comorbidity, life-style factors and healthcare utilization in incident chronic kidney disease 729
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