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Abstract
Purpose  Secondary hyperparathyroidism (SHPT) of renal origin is a progressive complication in chronic kidney disease 
(CKD) and is associated with serious osseous and non-osseous complications, CKD progression, and economic burden for 
healthcare systems worldwide. We aimed at assessing characteristics, healthcare resource utilization, and costs of incident 
SHPT patients in CKD stage 3 (CKD3) and 4 (CKD4), using administrative claims data.
Methods  German claims data were used to identify CKD3 and CKD4 patients, who were stratified by the occurrence of 
incident SHPT. Patients with SHPT were matched 1:1 to non-SHPT patients with the same CKD stage using propensity 
scores. Matched groups were compared during a 2-year follow-up period.
Results  Overall, 1156 CKD3 and 517 CKD4 incident SHPT patients and their respective matches were identified. Mean 
number of all-cause hospitalizations were significantly higher among SHPT patients (2.7 vs. 2.0 in CKD3, 2.8 vs. 1.5 in 
CKD4) during follow-up. Similarly, the mean number of outpatient encounters was significantly higher among the SHPT 
cohorts (95.0 vs. 64.3 in CKD3, 101.4 vs. 49.8 in CKD4). SHPT patients progressed to CKD5 more often (6.1% vs. 1.2% 
from CKD3, 26.7% vs. 2.9% from CKD4, both P < 0.01) resulting in a higher proportion of dialysis (6.1% vs. 1.3% in CKD3, 
22.1% vs. 3.7% in CKD4, both P < 0.01). Consequently, average all-cause healthcare costs significantly increased per patient 
(€19,477 vs. €15,115 in CKD3, €25,921 vs. €12,265 in CKD4).
Conclusions  Patients with CKD3&4 and incident SHPT of renal origin presented with significantly higher healthcare resource 
utilization and costs, as well as increased disease progression compared to non-SHPT patients.

Keywords  Secondary hyperparathyroidism · Chronic kidney disease · Cost analysis · Burden of illness · Germany · Claims 
data

Introduction

Chronic Kidney Disease (CKD) is a global health burden 
associated with increased risk of cardiovascular morbidity, 
mortality, reduced health related quality of life, and a sub-
stantial economic cost burden to health systems worldwide 
[1]. While the age standardized global prevalence of CKD 
remained stable between 1990 and 2017, the all-age preva-
lence increased by 29.3% [2] and the burden of CKD has 
risen considerably in recent years [3].

A common complication among CKD patients is second-
ary hyperparathyroidism (SHPT), a complex alteration in 
bone and mineral metabolism characterized by excessive 
parathyroid hormone (PTH) production and parathyroid 
gland hyperplasia [4–6]. SHPT occurs in 40–80% of CKD 
patients in stage 3 and 4, respectively [7, 8].
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Poorly managed SHPT may cause metabolic bone dis-
ease and is associated with further complications such as 
cardiovascular disease (CVD) as well as cardiovascular-
associated and all-cause mortality [4, 9–11]. Further-
more, the associated healthcare costs of SHPT and related 
clinical events are high and place an economic burden on 
health systems [12].

To the best of our knowledge, published real-world data 
on the burden and excess costs of SHPT in Germany from 
the perspective of the statutory health insurance system 
(SHI) is lacking. Therefore, the aim of this study was to 
assess the clinical characteristics, as well as excess health-
care resource utilization, and healthcare costs of German 
patients with incident SHPT of renal origin in CKD stage 
3 (CKD3) and stage 4 (CKD4), using administrative SHI 
claims data.

Methods

Study design and data source

This retrospective, matched cohort analysis used admin-
istrative claims data from the “Institut für angewandte 
Gesundheitsforschung Berlin” [Institute for Applied 
Health Research Berlin] (InGef) research database in 
Germany. The database includes anonymized claims data 
of approximately 4 million individuals and is in line with 
German data protection regulations. The research sample 
is adjusted in terms of age and gender to represent the 
German population and has been proven to be in good 
accordance with respect to morbidity, mortality as well 
as drug usage compared to the general population in Ger-
many [13].

Claims data from the participating SHI funds are joined 
in a specialized trust center, anonymized, and subsequently 
transferred to InGef. As the raw dataset is not allowed to 
leave the secured storage facilities, all analyses were con-
ducted by an InGef analyst in accordance with a pre-speci-
fied study protocol.

The database provides information on a range of different 
healthcare sectors such as the inpatient (hospital) setting, 
outpatient physicians, and the pharmacy sector. Detailed 
information on the resource use and cost of provided ser-
vices can be analyzed [13], with inherent limitations, such 
as diagnoses in the outpatient setting are only available on 
a quarterly basis.

As claims data are recorded for accounting purposes, 
not for clinical research, and no electronic medical records 
or other clinical parameters were used, no ethical approval 
or consent from an ethics committee or review board was 
required for this study.

Study population and cohorts

Overall, the patient selection process aimed to identify 
patients with CKD3 and CKD4 and to stratify these 
patients by the occurrence of incident SHPT of renal ori-
gin within the enrollment period between January 1st, 
2015 and March 31st, 2017. The total study period includ-
ing pre- and post-index periods spanned from January 1st, 
2014 to December 31st, 2018.

Patients with CKD stage 3 and 4 were identified in the 
inpatient or outpatient setting using International Statisti-
cal Classification of Diseases and Related Health Problems, 
10th revision, German Modification (ICD-10-GM) codes 
N18.3 [chronic kidney disease, stage 3] and N18.4 [chronic 
kidney disease, stage 4]. In case the ICD-10-GM code for 
CKD3 or CKD4 was recorded in the outpatient sector, fur-
ther validation was required by a second inpatient or out-
patient ICD-10-GM code for CKD of any severity within a 
year’s (± 3 quarters) range of the first CKD diagnosis.

The identified CKD3 and CKD4 patients were stratified 
by the occurrence of SHPT using either an ICD-10-GM code 
N25.8 [other disorders resulting from impaired renal tubular 
function, including secondary hyperparathyroidism of renal 
origin] in the inpatient or outpatient setting, or a prescription 
of paricalcitol, alfacalcidol or calcitriol in the outpatient set-
ting, which are commonly administered by nephrologists for 
the treatment of SHPT of renal origin. Outpatient diagnoses 
or prescriptions had to be validated by at least one addi-
tional outpatient diagnosis or prescription within a year’s 
(± 3 quarters) range, allowing any combination of outpatient 
diagnosis and prescription (e.g., two outpatient diagnoses or 
two prescriptions). Patients were excluded per protocol from 
the non-SHPT cohorts if they had any SHPT diagnosis (also 
of non-renal origin) or prescription for paricalcitol, alfacal-
cidol or calcitriol during the entire study period.

For patients with SHPT, the first ICD-10-GM code or pre-
scription indicating SHPT marked the index event and index 
quarter. The highest CKD stage (3 or 4) within the index 
quarter marked the index CKD stage for the SHPT patients. 
To identify only incident SHPT, patients were excluded if 
they presented with any diagnosis or prescription for SHPT 
as described above, within a year before the index quarter. 
For the CKD3 and CKD4 patients without a diagnosis or 
prescription for SHPT, a random diagnosis for CKD3 or 
CKD4 was chosen as the index event and index CKD stage.

Patients from all cohorts were excluded, if they were 
below the age of 18 at index, or if they presented with any 
evidence for dialysis treatment or kidney transplant in the 
year before index. Furthermore, patients with CKD stage 
decline, e.g., from stage 4 to stage 2 were excluded.

The patient selection process did not aim to create 
evidence on the epidemiology (incidence/prevalence) of 
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SHPT but was intended to create a study population to 
assess the economic burden of the condition.

Matching

Each patient in the SHPT cohort with CKD3 (CKD4) was 
matched to one control patient from the CKD3 (CKD4) cohort 
without SHPT via propensity score matching. The propensity 
scores were calculated using logistic regression, with regres-
sors age, gender, updated Charlson Comorbidity Score (CCI) 
[14], index quarter, New York Heart Association (NYHA) 
class for heart failure (assessed via ICD-10-GM codes), and 
whether the index CKD stage was determined in the hospital 
to account for disease severity.

Matching fit was assessed using standardized mean differ-
ences (SMD), with a SMD below 0.1 indicating acceptable 
balance between the cohorts [15].

Outcomes

Outcomes were analyzed in the index quarter (demographic 
characteristics) or in a follow-up period of up to 2 years 
(including the index quarter). Specific comorbidities of inter-
est such as cardiovascular disorders and SHPT-related com-
plications, costs, outpatient visits, and hospitalizations were 
also analyzed in the 1-year (4 quarters) period before index 
(baseline), to further assess whether the matched cohorts were 
comparable before their respective index events.

Mortality was analyzed during follow-up. All-cause health-
care resource utilization was assessed in terms of hospitali-
zations, length of hospital stays, and outpatient visits. CVD-
related healthcare resource utilization was assessed in terms of 
hospitalizations with an ICD-10-GM code (primary or second-
ary) for myocardial infarction, heart failure or stroke. Progres-
sion to stage 5 CKD was assessed using ICD-10-GM codes, 
while initiation of dialysis was identified using ICD-10-GM, 
operation and procedure codes, or EBM codes [German 
remuneration scheme for outpatient care]. All-cause health-
care costs in total and stratified by healthcare sector (inpatient 
care, outpatient care, pharmaceuticals, devices, remedies, and 
aids) were analyzed at 12- and 24-month follow-up. All con-
tinuous outcomes were compared using bootstrapping t-tests 
while chi2 tests or Fisher's exact test (for n < 5) were applied 
for dichotomous variables. A P-value of < 0.05 was considered 
as statistically significant.

Results

Population characteristics

After applying all study criteria, 1158 incident SHPT 
CKD3 and 521 incident SHPT CKD4 patients as well as 

64,962 CKD3 and 6543 CKD4 patients without evidence 
of SHPT were identified. Two additional patients in the 
incident SHPT CKD3 cohort and four patients in the inci-
dent SHPT CKD4 cohort were excluded after the 1:1 pro-
pensity score matching, as no suiting matching partner was 
available in the non-SHPT cohorts. Overall, good balance 
with respect to all matching variables was achieved, as all 
SMDs remained below 0.1 (Table 1). The mean age of the 
CKD3 groups was 74.4 years in the SHPT and 74.8 years 
in the non-SHPT cohort. The CKD4 groups were slightly 
older, with a mean age of 76.9 years in the SHPT and 
77.9 years in the non-SHPT cohort. The proportion of 
male patients with CKD3 was higher in both the SHPT 
and the non-SHPT cohort (56.6% and 57.4%). In contrast, 
there were more female patients with CKD4, 53.0% in the 
SHPT and 55.3% in the non-SHPT cohort. More than 35% 
of patients in all cohorts had at least one diagnosis code 
for heart failure, whereas for a high proportion the NYHA 
class was not specified (unspecific diagnosis) (Table 1). 
Index quarters between the cohorts were balanced (data 
not shown).

All‑cause mortality and comorbidities

During the 1-year pre-index period, patients were compara-
ble with respect to most comorbidities of interest, although 
there was a statistically significantly higher proportion of 
patients with chronic ischemic heart disease and calcium 
metabolism disorders in the SHPT CKD3 group.

Comorbidities of interest that were statistically signifi-
cantly more prevalent in SHPT CKD3 patients in compari-
son to their matched non-SHPT counterparts during the 
24-month post-index period were vitamin D deficiency, 
chronic ischemic heart disease, congestive heart failure, 
osteoporosis, renal osteodystrophy, and calcium metabo-
lism disorders. A composite indicator for having any acute 
myocardial infarction, recurrent myocardial infarction, 
chronic ischemic heart disease, congestive heart failure or 
atherosclerosis was also significantly more prevalent in the 
SHPT CKD3 cohort compared to their non-SHPT controls. 
Among SHPT CKD4 patients, the prevalence of vitamin D 
deficiency, acute myocardial infarction, congestive heart fail-
ure, renal osteodystrophy, disorders of phosphate metabo-
lism, and disorders of calcium metabolism were significantly 
increased compared to the matched cohort of non-SHPT 
patients (Table 2).

All-cause mortality was significantly higher among non-
SHPT CKD3 patients in stage 3 (20.6% vs. 16.2%, P < 0.01) 
and stage 4 (43.3% vs. 35.4%, P < 0.01) in comparison to the 
SHPT counterparts. This led to a 5.9% increase in follow-up 
time among SHPT CKD3, and 17.9% increased follow-up 
time among SHPT CKD4 patients (Table 3).
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Healthcare resource utilization

In the year before index, the SHPT patients were comparable 
to their respective control groups with respect to the propor-
tion of hospitalized patients with slightly higher proportions 
in the SHPT cohorts (CKD3: 50.6% vs. 47.4%; P = 0.12; 
CKD4: 52.8% vs. 48.6%; P = 0.17, not shown in tables).

During the individual 2-year follow-up period, the pro-
portion of patients with at least one hospitalization among 
CKD3 patients was 74.2% in the SHPT cohort and 67.0% in 
the control group (P < 0.01), while 78.7% of SHPT patients 
with CKD4 were hospitalized compared to 71.0% of their 
matched counterparts (P < 0.01). This translated to a higher 
average rate of hospitalizations among the SHPT cohorts 
(2.7 vs. 2.0 for CKD3; 2.8 vs. 1.5 for CKD4) and the aver-
age length of hospital stay was higher in the SHPT cohorts 
(26.9 days vs. 20.4 days for CKD3 patients; 34.7 days vs. 
16.7 days for CKD4 patients). All of the described differ-
ences with respect to hospitalizations were statistically sig-
nificant (P < 0.01). Additionally, the proportion of patients 
with a CVD-related hospitalization for myocardial infarc-
tion, heart failure or stroke was significantly higher among 
SHPT patients with CKD3 (37.1% vs. 30.4%; P < 0.01) and 
CKD4 (46.4% vs. 36.2%; P < 0.01) (Table 4).

In the year before index, the average number of all-cause 
outpatient visits among SHPT CKD3 patients was 41.4, 
compared to 36.5 in the control group (P < 0.01), while the 
number was comparable between SHPT CKD4 patients 
and their matched counterparts (39.5 vs. 38.1; P = 0.36, not 

shown in tables). In the follow-up period, mean average all-
cause outpatient visits significantly differed between SHPT 
and control patients in CKD3 (95.0 vs. 64.3; P < 0.01) and 
CKD4 (101.4 vs. 49.8; P < 0.01). The proportion of patients 
with at least one outpatient visit at a nephrologist during 
the baseline period was roughly twice as high in the SHPT 
CKD3 (28.4% vs. 14.6%; P < 0.01) and SHPT CKD4 groups 
(31.3% vs. 14.51%; P < 0.01). This difference increased 
further within the post-index period to 76.0% vs 19.4% for 
CKD3 patients and to 74.3% vs. 19.3% for CKD4 patients 
(Table 4).

The proportion of patients progressing to CKD stage 5 
was 6.1% for SHPT CKD3 patients and 1.2% for their con-
trols (P < 0.01), as well as 26.7% for SHPT CKD4 patients 
compared to 2.9% for CKD4 only patients (P < 0.01). Conse-
quently, the initiation of dialysis was observed substantially 
more often in the SHPT cohorts (Table 5).

All‑cause healthcare costs

In the 1-year pre-index period, there was no statistically sig-
nificant difference observable for the total all-cause costs 
between the groups, although patients who developed SHPT 
had higher costs on average (average costs + 15.4% in CKD3 
patients (P = 0.07) and + 7.2% (P = 0.44) in CKD4 patients 
with SHPT, not shown in tables).

Total all-cause healthcare costs among the cohorts after 
12 months of follow-up were significantly higher (17.4% 
for CKD3 and 57.7% for CKD4; P < 0.01) for both SHPT 

Table 1   Patient characteristics after matching

CCI (updated) Charlson Comorbidity Index, CKD chronic kidney disease, NYHA New York Heart Association, SD standard deviation, SMD 
standardized mean difference, SHPT secondary hyperparathyroidism

Parameter CKD3 SHPT CKD3 no SHPT SMD CKD4 SHPT CKD4 no SHPT SMD

Number of patients, n (%) 1156 (100.0) 1156 (100.0) 517 (100.0) 517 (100.0)
Age in years, mean (SD) 74.4 (10.2) 74.8 (10.8) – 0.03 76.9 (10.3) 77.9 (11.6) – 0.09
Gender, n (%)
 Male 654 (56.6) 663 (57.4) – 0.02 243 (47.0) 231 (44.7) 0.05
 Female 502 (43.4) 493 (42.6) 0.02 274 (53.0) 286 (55.3) – 0.05

CCI, mean (SD) 3.6 (2.4) 3.6 (2.4) 0.00 3.8 (2.4) 3.8 (2.5) – 0.01
CKD hospitalization in the 

index quarter, n (%)
 No 855 (74.0) 847 (73.3) 0.02 301 (58.2) 320 (61.9) – 0.08
 Yes 301 (26.0) 309 (26.7) – 0.02 216 (41.8) 197 (38.1) 0.08

NYHA class, n (%)
 No NYHA class 724 (62.6) 750 (64.9) – 0.05 308 (59.6) 308 (59.6) 0.00
 NYHA 1 16 (1.4) 11 (1.0) 0.04 9 (1.7) 13 (2.5) – 0.05
 NYHA 2 69 (6.0) 68 (5.9) 0.00 24 (4.6) 17 (3.3) 0.07
 NYHA 3 114 (9.9) 105 (9.1) 0.03 41 (7.9) 41 (7.9) 0.00
 NYHA 4 59 (5.1) 54 (4.7) 0.02 45 (8.7) 45 (8.7) 0.00
 NYHA unknown 174 (15.1) 168 (14.5) 0.01 90 (17.4) 93 (18.0) – 0.02
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cohorts (Fig. 1), with the absolute incremental differences 
being €1554 (CKD3) and €4970 (CKD4), respectively. The 
SHPT cohorts had higher healthcare costs in all observed 
healthcare sectors, with the exception for aids and remedies 
among CKD3 patients, where the costs were comparable 
between SHPT and non-SHPT patients. The main cost driver 
for all cohorts was the inpatient sector that accounted for 
more than half of total healthcare costs after 12 months.

When considering the up to 24  months post-index 
period, SHPT CKD3 patients had 28.9% increased 

all-cause healthcare costs and SHPT CKD4 patients had 
111.3% increased healthcare costs compared to their 
matched controls (both P < 0.01), with incremental cost 
differences of €4362 (CKD3) and €13,656 (CKD4), 
respectively (Fig. 2). Costs in all healthcare sectors were 
substantially higher in the SHPT cohorts, except for aids 
and remedies costs among CKD3 patients.

Table 2   Specific comorbidities during the 1-year baseline period and 2-year follow-up

Patient counts below 5 are reported as < 5 due to data protection regulations. Used ICD-10-GM codes are reported in parentheses
CVD cardiovascular disease, CKD chronic kidney disease, SHPT secondary hyperparathyroidism

Comorbidity CKD3 SHPT CKD3 no SHPT P-value CKD4 SHPT CKD4 no SHPT P-value

Number of patients, n (%) 1156 (100.0) 1156 (100.0) – 517 (100.0) 517 (100.0) –
1-year baseline period:
 Vitamin D deficiency (E55.9), n (%) 95 (8.2) 73 (6.3) 0.08 39 (7.5) 24 (4.6) 0.05
 Acute myocardial infarction (I21), n (%) 74 (6.4) 58 (5.0) 0.15 37 (7.2) 31 (6.0) 0.45
 Recurrent myocardial infarction (I22), n (%)  < 5 0 –  < 5  < 5 –
 Chronic ischemic heart disease (I25), n (%) 519 (44.9) 454 (39.3)  < 0.01 198 (38.3) 193 (37.3) 0.75
 Congestive heart failure (I50), n (%) 432 (37.4) 406 (35.1) 0.26 209 (40.4) 209 (40.4) 1.00
 Atherosclerosis (I70), n (%) 263 (22.8) 268 (23.2) 0.80 95 (18.4) 112 (21.7) 0.19
 Any CVD (I21, I22, I25, I50, or I70), n (%) 732 (63.3) 704 (60.9) 0.23 318 (61.5) 318 (61.5) 1.00
 Osteoporosis (M80, M81), n (%) 154 (13.3) 159 (13.8) 0.76 66 (12.8) 79 (15.3) 0.24
 Renal osteodystrophy (N25.0), n (%)  < 5 0 –  < 5 0 –
 Disorders of phosphate metabolism (E83.38, E83.39), n 

(%)
 < 5  < 5 –  < 5  < 5 –

 Calcium metabolism disorders (E83.5), n (%) 30 (2.6) 10 (0.9)  < 0.01 17 (3.3) 10 (1.9) 0.17
2-year follow-up period:
 Vitamin D deficiency (E55.9), n (%) 464 (40.1) 113 (9.8)  < 0.01 187 (36.2) 30 (5.8)  < 0.01
 Acute myocardial infarction (I21), n (%) 114 (9.9) 94 (8.1) 0.15 61 (11.8) 38 (7.4)  < 0.05
 Recurrent myocardial infarction (I22), n (%) 0 (0.0)  < 5 –  < 5  < 5 –
 Chronic ischemic heart disease (I25), n (%) 592 (51.2) 520 (45.0)  < 0.01 240 (46.4) 212 (41.0) 0.08
 Congestive heart failure (I50), n (%) 573 (49.6) 485 (42.0)  < 0.01 306 (59.2) 261 (50.5)  < 0.01
 Atherosclerosis (I70), n (%) 357 (30.9) 336 (29.1) 0.34 146 (28.2) 126 (24.4) 0.16
 Any CVD (I21, I22, I25, I50, or I70), n (%) 842 (72.8) 782 (67.7)  < 0.01 382 (73.9) 364 (70.4) 0.21
 Osteoporosis (M80, M81), n (%) 241 (20.9) 186 (16.1)  < 0.01 94 (18.2) 95 (18.4) 0.94
 Renal osteodystrophy (N25.0), n (%) 17 (1.5)  < 5  < 0.01 10 (1.9) 0  < 0.01
 Disorders of phosphate metabolism (E83.38, E83.39), n 

(%)
11 (1.0)  < 5 0.06 21 (4.1)  < 5  < 0.01

 Calcium metabolism disorders (E83.5), n (%) 84 (7.3) 28 (2.4)  < 0.01 40 (7.7) 17 (3.3)  < 0.01

Table 3   Mortality and length of follow-up

CKD chronic kidney disease, SD standard deviation, SHPT secondary hyperparathyroidism

Parameter CKD3 SHPT CKD3 no SHPT P-value CKD4 SHPT CKD4 no SHPT P-value

Number of patients, n (%) 1156 (100.0) 1156 (100.0) – 517 (100.0) 517 (100.0) –
Death during follow-up, n (%) 187 (16.2) 238 (20.6)  < 0.01 183 (35.4) 224 (43.3)  < 0.01
Length of follow-up in days, mean (SD) 671.8 (157.9) 634.5 (210.6)  < 0.01 574.1 (245.6) 487.0 (303.2)  < 0.01



1296	 International Urology and Nephrology (2023) 55:1291–1300

1 3

Discussion

To the best of our knowledge, this retrospective analysis 
of a large German claims database is the first to assess 
the excess burden associated with SHPT in CKD patients 
within the German healthcare system. As the underlying 
database can be considered nationally representative in 
terms of demographic and clinical characteristics [13], 
the results of this study can be referred to as a real-world 
representation of the German population in general. Fur-
thermore, it adds to the literature as we assessed a specific 
sample of SHPT and non-SHPT patients stratified by pre-
dialysis CKD stages 3 and 4 not reported elsewhere.

The patient selection process revealed that in a real-world 
setting, only a small proportion of CKD3 and CKD4 patients 
have a recorded diagnosis for SHPT, which is contrary to 
the findings of studies utilizing laboratory parameters, 
where 40–80% of CKD3/CKD4 patients are suffering from 
SHPT [7]. SHPT has been described as underdiagnosed and 
undertreated [16], a finding that is underlined by our results. 
Given the observed differences between the SHPT and the 
non-SHPT groups in our study, this would mean that with 
high probability we underestimated the actual disease bur-
den for SHPT patients. Current clinical practice guidelines 
for the diagnosis, evaluation, prevention, and treatment of 

chronic kidney disease-mineral and bone disorders state that 
the PTH target range in non-dialysis CKD patients is not 
known [17]. This likely results in unclear SHPT diagnosis 
criteria in clinical practice and hence, possibly undercoding.

The average age of 74–78 years within the groups of 
interest were comparable to another German study of CKD3 
and 4 patients utilizing data from nephrological clinics 
where the average age was 75 [18].

In most cases, the prevalence of selected cardiovascular 
and other comorbidities such as congestive heart failure, 
vitamin D deficiency, and osteoporosis was significantly 
higher in the SHPT cohorts, possibly leading to higher 
resource use. This finding was expected with regard to the 
known associations between SHPT with bone and cardiovas-
cular diseases [19]. However, some of these differences were 
also present in the baseline period, as for example chronic 
ischemic heart disease and calcium metabolism disorders 
were more prevalent among CKD3 SHPT patients. All-
cause mortality was higher among non-SHPT patients in the 
CKD3 and CKD4 cohorts. This finding contrasts with the 
fact that SHPT is generally associated with higher all-cause 
and cardiovascular mortality. For example, a retrospective 
study by Kovesdy et al. has shown that raised PTH levels 
were associated with an increased all-cause mortality among 
male pre-dialysis CKD patients in the US [20]. Our finding 
is especially surprising, as the patient cohorts were matched 

Table 4   Healthcare resource utilization during 2-year follow-up

CVD cardiovascular disease, CKD chronic kidney disease, SD standard deviation, SHPT secondary hyperparathyroidism

Healthcare resource utilization CKD3 SHPT CKD3 no SHPT P-value CKD4 SHPT CKD4 no SHPT P-value

Number of patients, n (%) 1156 (100.0) 1156 (100.0) – 517 (100.0) 517 (100.0) –
All-cause outpatient visits, mean (SD) 95.0 (55.4) 64.3 (43.5)  < 0.01 101.4 (93.7) 49.8 (41.3)  < 0.01
Outpatient nephrologist care, n (%) 878 (76.0) 224 (19.4)  < 0.01 384 (74.3) 100 (19.3)  < 0.01
All-cause hospitalizations
 Number of patients with hospitalization, n (%) 858 (74.2) 774 (67.0)  < 0.01 407 (78.7) 367 (71.0)  < 0.01
 Number of hospitalizations, mean (SD) 2.7 (3.2) 2.0 (3.0)  < 0.01 2.8 (3.2) 1.5 (1.8)  < 0.01
 Length of hospital stay in days, mean (SD) 26.9 (44.6) 20.4 (39.7)  < 0.01 34.7 (58.9) 16.7 (34.1)  < 0.01

CVD-related hospitalizations
 Number of patients with CVD-related hospitalization, n 

(%)
429 (37.1) 351 (30.4)  < 0.01 240 (46.4) 187 (36.2)  < 0.01

 Number of CVD-related hospitalizations, mean (SD) 0.8 (1.5) 0.6 (1.1)  < 0.01 1.1 (1.8) 0.5 (0.8)  < 0.01
 Length of CVD-related hospital stay in days, mean (SD) 11.0 (24.4) 7.7 (21.3)  < 0.01 16.7 (31.2) 6.7 (13.6)  < 0.01

Table 5   Progression to stage 5 and dialysis during 2-year follow-up

CKD chronic kidney disease, SHPT secondary hyperparathyroidism

Progression CKD3 SHPT CKD3 no SHPT P-value CKD4 SHPT CKD4 no SHPT P-value

Number of patients, n (%) 1156 1156 – 517 517 –
Progression to CKD5, n (%) 71 (6.1) 14 (1.2)  < 0.01 138 (26.7) 15 (2.9)  < 0.01
Dialysis initiation, n (%) 71 (6.1) 15 (1.3)  < 0.01 114 (22.1) 19 (3.7)  < 0.01
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with respect to several indicators for health status such as 
CCI or NYHA class. Therefore, death in these patients might 
possibly be related to other factors such as comorbidities 
developed after matching or not included in the set of those 
variables that were used for the matching. Furthermore, mal-
nutrition has been shown to be associated with lower PTH 
levels and higher mortality among hemodialysis patients 
[21], but cannot be depicted with claims data to a sufficient 
extent. A possible explanation for the difference in mortality 
in our investigation is the increased medical attention to the 
SHPT patients shown by e.g., more (nephrologist-) outpa-
tient visits and hence monitoring, which in turn might result 
in the lower mortality. This effect has been demonstrated in 

several studies for CKD patients [22, 23]. For example, Liu 
et al. [22] investigated the effect of outpatient nephrology 
consultations in pre-dialysis CKD4 patients. In their assess-
ment of laboratory and administrative data from Canada, 
they found that patients with nephrologist visits had a 12% 
lower mortality compared to patients without a nephrologist 
consultation.

The main finding of our study is that diagnosed SHPT 
patients in CKD3 and CKD4 had significantly increased 
healthcare resource use, healthcare costs, as well as pro-
gression to CKD5 and dialysis when compared to a 
matched sample of patients within the same CKD stage 
and no SHPT. Specifically, we observed more patients with 
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hospitalizations, as well as differences in hospitalizations 
rates of more than 30.6% in CKD3 patients and 86.6% in 
CKD4 patients with SHPT compared to their peers. Health-
care costs after the up to 2-year post-index period were sig-
nificantly increased compared to the matched control groups 
(28.9% for the CKD3 patients and 111.3% for the CKD4), 
indicating the high economic burden of SHPT as well as 
a potential decreased quality of life due to these clinical 
events. Our findings are consistent with previously published 
literature. Chiroli et al. (2012) studied hemodialysis patients 
in 10 European countries in terms of healthcare resource use 
and costs. Similar to our findings, their analysis revealed that 
higher PTH levels resulted in increased hospitalization rates 
as well as significantly higher healthcare costs [24]. How-
ever, due to the different CKD stages at baseline, the results 
are not directly comparable to our findings. Schumock et al. 
(2008) assessed healthcare resource use and healthcare costs, 
as well as progression to dialysis in adult pre-dialysis CKD 
patients with and without SHPT using a large US adminis-
trative claims database [25]. They also found significantly 
higher resource utilization in the inpatient and outpatient 
sector, as well as significantly increased healthcare costs in 
all studied healthcare domains.

The disease progression to stage 5 in the present study 
was more than 5 times higher among CKD3 patients with 
SHPT and more than 9 times higher in CKD4 patients with 
SHPT, when compared to non-SHPT patients in the same 
baseline disease stage. This resulted in substantial differ-
ences in dialysis initiation as well. In line with these find-
ings, Schumock et al. (2008) used Cox proportional hazards 
models to demonstrate that patients with CKD and SHPT 
were 4–5 times as likely to initiate dialysis when compared 
to patients with CKD and no SHPT claim [25].

Our results need to be interpreted considering several 
limitations, especially with respect to the used data source. 
Claims data are collected for the purpose of accounting and 
no clinical data are available. In this context, the unavail-
ability of the glomerular filtration rate to assess CKD stage, 
as well as no clinical information on PTH levels to identify 
SHPT should be considered when interpreting the results, 
as the current analysis relied on the respective ICD-10-GM 
coding for CKD stages and SHPT, but also for other comor-
bidities such as renal osteodystrophy. The private medical 
insurance sector is not covered by this analysis, as the data 
pool only includes sickness funds from the SHI system only. 
However, only 11% of the German population is insured in 
the private sector. There is no ICD-10-GM code to identify 
specifically SHPT of renal origin in Germany, which is why 
we had to rely on the group code for “other diseases result-
ing from damage to the tubular kidney function”, which 
includes secondary hyperparathyroidism of renal origin but 
may also enclose patients with renal tubular acidosis. Given 
the low prevalence of renal acidosis, the potential bias from 

this inaccuracy can be neglected. Furthermore, as described 
above, SHPT patients were also identified by prescriptions 
for paricalcitol, alfacalcidol and calcitriol, while other 
vitamin D supplements were not considered as an indica-
tor as they are often prescribed by general practitioners for 
other diseases or deficiencies. In line with this approach, 
patients were excluded from the non-SHPT cohorts if they 
presented with any paricalcitol, alfacalcidol and calcitriol 
prescriptions throughout the complete study period. How-
ever, comorbidities that might be treated with these agents 
were compared leading to a potential bias. Nonetheless, our 
goal was to keep the study populations as distinguished as 
possible. This study did not aim to create evidence on the 
epidemiology (incidence/prevalence) of SHPT. Hence, no 
assumption on epidemiological measures for SHPT in Ger-
many can be drawn from our analysis. As this study did 
not intend to create epidemiological insights but to create a 
study population suitable for the assessment of the economic 
burden related to SHPT in CKD patients, the specific selec-
tion of our study population was considered a fair approach. 
Further, the results should be considered in line with the 
anticipated coding quality and diagnoses in the outpatient 
setting are coded on a quarterly basis and not attributed to 
an exact date.

Furthermore, as the analysis has shown, SHPT is gener-
ally an underdiagnosed condition, which is why it is likely 
that the non-SHPT cohort also included undiagnosed SHPT 
patients.

Lastly, due to the higher mortality in the control cohorts, 
average follow-up time was higher among SHPT patients 
which might result in higher healthcare resource use among 
these patients. However, healthcare resource use and health-
care spending generally tend to increase in the last months 
of life, and that effect was potentially stronger in the control 
cohorts, where more patients deceased. Despite these limita-
tions, potentially giving rise to some extent of selection and 
classification bias, we believe that our study has important 
implications for the management of SHPT in Germany.

Conclusions

Patients with CKD3 and 4 and incident SHPT of renal origin 
presented with significantly higher healthcare resource uti-
lization and healthcare costs as well as disease progression 
to CKD5 and dialysis and had a higher prevalence of CVD 
compared to patients without SHPT during a 2-year follow-
up period. These findings highlight the need to increase 
awareness of SHPT, as well as the need for early detection 
and new treatment options to mitigate the burden of disease 
for SHPT patients and on the healthcare system to possibly 
offset costs.



1299International Urology and Nephrology (2023) 55:1291–1300	

1 3

Acknowledgements  The data analysis was performed in cooperation 
with Wolfgang Greiner and the Institut für angewandte Gesundheits-
forschung Berlin (InGef).

Funding  This study was funded by Vifor Pharma. Helmut Reichel 
received consulting fees from Vifor Pharma. Eric Seibert and Frank-
Peter Tillmann declared no conflict of interest. Isabella Barck and 
Astride Grava are Vifor Pharma employees. Kim Maren Schneider 
and Dominic Meise are employees of Xcenda GmbH, a company that 
received funding from Vifor Pharma to conduct the described analyses.

Data availability statement  The data used in this study was retrieved 
from the Institute for Applied Health Research Berlin (InGef) Research 
Database (https://​www.​ingef.​de) and cannot be made available in the 
manuscript, the supplemental files, or in a public repository due to 
German data protection laws (Bundesdatenschutzgesetz). To facili-
tate the replication of results, anonymized data used for this study are 
stored on a secure drive at the Institute for Applied Health Research 
Berlin (InGef) GmbH. Access to the data used in this study can only 
be provided to external parties under the conditions of the cooperation 
contract of this research project and can be assessed upon request, after 
written approval at InGef GmbH.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan CA, Lasser-
son DS, Hobbs FD (2016) Global Prevalence of Chronic Kidney 
Disease - A Systematic Review and Meta-Analysis. PLoS ONE 
11(7):e0158765. https://​doi.​org/​10.​1371/​journ​al.​pone.​01587​65

	 2.	 G. B. D. Chronic Kidney Disease Collaboration, (2020) Global, 
regional, and national burden of chronic kidney disease, 1990–
2017: a systematic analysis for the Global Burden of Disease 
Study 2017. Lancet 395(10225):709–733. https://​doi.​org/​10.​
1016/​S0140-​6736(20)​30045-3

	 3.	 Xie Y, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, Maddukuri 
G, Tsai CY, Floyd T, Al-Aly Z (2018) Analysis of the Global 
Burden of Disease study highlights the global, regional, and 
national trends of chronic kidney disease epidemiology from 
1990 to 2016. Kidney Int 94(3):567–581. https://​doi.​org/​10.​
1016/j.​kint.​2018.​04.​011

	 4.	 Cunningham J, Locatelli F, Rodriguez M (2011) Secondary 
hyperparathyroidism: pathogenesis, disease progression, and 
therapeutic options. Clin J Am Soc Nephrol 6(4):913–921. 
https://​doi.​org/​10.​2215/​CJN.​06040​710

	 5.	 Komaba H, Kakuta T, Fukagawa M (2017) Management of sec-
ondary hyperparathyroidism: how and why? Clin Exp Nephrol 
21(Suppl 1):37–45. https://​doi.​org/​10.​1007/​s10157-​016-​1369-2

	 6.	 Ketteler M, Ambuhl P (2021) Where are we now? Emerging 
opportunities and challenges in the management of second-
ary hyperparathyroidism in patients with non-dialysis chronic 

kidney disease. J Nephrol 34(5):1405–1418. https://​doi.​org/​10.​
1007/​s40620-​021-​01082-2

	 7.	 Andress DL, Coyne DW, Kalantar-Zadeh K, Molitch ME, Zan-
geneh F, Sprague SM (2008) Management of secondary hyper-
parathyroidism in stages 3 and 4 chronic kidney disease. Endocr 
Pract 14(1):18–27. https://​doi.​org/​10.​4158/​EP.​14.1.​18

	 8.	 Levin A, Bakris GL, Molitch M, Smulders M, Tian J, Williams 
LA, Andress DL (2007) Prevalence of abnormal serum vitamin 
D, PTH, calcium, and phosphorus in patients with chronic kid-
ney disease: results of the study to evaluate early kidney disease. 
Kidney Int 71(1):31–38. https://​doi.​org/​10.​1038/​sj.​ki.​50020​09

	 9.	 Bozic M, Diaz-Tocados J, Bermudez-Lopez M, Forne C, Mar-
tinez C, Fernandez E, Valdivielso J (2021) Independent effects 
of secondary hyperparathyroidism and hyperphosphatemia on 
chronic kidney disease progression and cardiovascular events: 
an analysis from the NEFRONA cohort. Nephrol Dial Trans-
plant. https://​doi.​org/​10.​1093/​ndt/​gfab1​84

	10.	 Geng S, Kuang Z, Peissig PL, Page D, Maursetter L, Hansen KE 
(2019) Parathyroid hormone independently predicts fracture, 
vascular events, and death in patients with stage 3 and 4 chronic 
kidney disease. Osteoporos Int 30(10):2019–2025. https://​doi.​
org/​10.​1007/​s00198-​019-​05033-3

	11.	 Xu Y, Evans M, Soro M, Barany P, Carrero JJ (2021) Secondary 
hyperparathyroidism and adverse health outcomes in adults with 
chronic kidney disease. Clin Kidney J. https://​doi.​org/​10.​1093/​
ckj/​sfab0​06

	12.	 Lee A, Belozeroff V, Song X, Diakun D, Goodman W (2013) 
Costs of Treatment and Clinical Events for Secondary Hyper-
parathyroidism. Am J Pharm Benefits 5(2):e24–e35

	13.	 Andersohn F, Walker J (2016) Characteristics and external 
validity of the German Health Risk Institute (HRI) Database. 
Pharmacoepidemiol Drug Saf 25(1):106–109. https://​doi.​org/​
10.​1002/​pds.​3895

	14.	 Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, 
Januel JM, Sundararajan V (2011) Updating and validating the 
Charlson comorbidity index and score for risk adjustment in 
hospital discharge abstracts using data from 6 countries. Am J 
Epidemiol 173(6):676–682. https://​doi.​org/​10.​1093/​aje/​kwq433

	15.	 Austin P (2011) An introduction to propensity score methods 
for reducing the effects of confounding in observational studies. 
Multivariate Behav Res 46(3):399–424. https://​doi.​org/​10.​1080/​
00273​171.​2011.​568786

	16.	 Joy MS, Karagiannis PC, Peyerl FW (2007) Outcomes of sec-
ondary hyperparathyroidism in chronic kidney disease and the 
direct costs of treatment. J Manag Care Pharm 13(5):397–411. 
https://​doi.​org/​10.​18553/​jmcp.​2007.​13.5.​397

	17.	 KDIGO (2017) KDIGO 2017 clinical practice guideline update 
for the diagnosis, evaluation, prevention, and treatment of 
chronic kidney disease-mineral and bone disorder (CKD-MBD). 
Kidney Int Suppl 7(1):1–59. https://​doi.​org/​10.​1016/j.​kisu.​2017.​
04.​001

	18.	 Reichel H, Zee J, Tu C, Young E, Pisoni RL, Stengel B, Dut-
tlinger J, Lonnemann G, Robinson BM, Pecoits-Filho R, Fliser 
D (2020) Chronic kidney disease progression and mortality risk 
profiles in Germany: results from the Chronic Kidney Disease 
Outcomes and Practice Patterns Study. Nephrol Dial Transplant 
35(5):803–810. https://​doi.​org/​10.​1093/​ndt/​gfz260

	19.	 Moe SM, Drueke TB (2003) Management of secondary hyper-
parathyroidism: the importance and the challenge of control-
ling parathyroid hormone levels without elevating calcium, 
phosphorus, and calcium-phosphorus product. Am J Nephrol 
23(6):369–379. https://​doi.​org/​10.​1159/​00007​3945

	20.	 Kovesdy CP, Ahmadzadeh S, Anderson JE, Kalantar-Zadeh 
K (2008) Secondary hyperparathyroidism is associated with 
higher mortality in men with moderate to severe chronic kidney 

https://www.ingef.de
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0158765
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/j.kint.2018.04.011
https://doi.org/10.1016/j.kint.2018.04.011
https://doi.org/10.2215/CJN.06040710
https://doi.org/10.1007/s10157-016-1369-2
https://doi.org/10.1007/s40620-021-01082-2
https://doi.org/10.1007/s40620-021-01082-2
https://doi.org/10.4158/EP.14.1.18
https://doi.org/10.1038/sj.ki.5002009
https://doi.org/10.1093/ndt/gfab184
https://doi.org/10.1007/s00198-019-05033-3
https://doi.org/10.1007/s00198-019-05033-3
https://doi.org/10.1093/ckj/sfab006
https://doi.org/10.1093/ckj/sfab006
https://doi.org/10.1002/pds.3895
https://doi.org/10.1002/pds.3895
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.18553/jmcp.2007.13.5.397
https://doi.org/10.1016/j.kisu.2017.04.001
https://doi.org/10.1016/j.kisu.2017.04.001
https://doi.org/10.1093/ndt/gfz260
https://doi.org/10.1159/000073945


1300	 International Urology and Nephrology (2023) 55:1291–1300

1 3

disease. Kidney Int 73(11):1296–1302. https://​doi.​org/​10.​1038/​
ki.​2008.​64

	21.	 Avram M, Mittman N, Myint M, Fein P (2001) Importance of 
low serum intact parathyroid hormone as a predictor of mortal-
ity in hemodialysis and peritoneal dialysis patients: 14 years of 
prospective observation. Am J Kidney Dis 38(6):1351–1357. 
https://​doi.​org/​10.​1053/​ajkd.​2001.​29254

	22.	 Liu P, Quinn RR, Karim ME, Bello A, Tam-Tham H, Weaver 
R, Ronksley PE, Quan H, Strippoli GFM, Manns B, Hemmel-
garn BR, Tonelli M, Ravani P (2019) Nephrology consultation 
and mortality in people with stage 4 chronic kidney disease: a 
population-based study. CMAJ 191(10):E274–E282. https://​doi.​
org/​10.​1503/​cmaj.​181372

	23.	 Hasegawa T, Bragg-Gresham JL, Yamazaki S, Fukuhara S, Aki-
zawa T, Kleophas W, Greenwood R, Pisoni RL (2009) Greater 
first-year survival on hemodialysis in facilities in which patients 
are provided earlier and more frequent pre-nephrology visits. 
Clin J Am Soc Nephrol 4(3):595–602. https://​doi.​org/​10.​2215/​
cjn.​03540​708

	24.	 Chiroli S, Mattin C, Belozeroff V, Perrault L, Mitchell D, 
Gioni I (2012) Impact of mineral and bone disorder on 
healthcare resource use and associated costs in the European 
Fresenius medical care dialysis population: a retrospective 
cohort study. BMC Nephrol 13:140. https://​doi.​org/​10.​1186/​
1471-​2369-​13-​140

	25.	 Schumock GT, Andress D, Marx SE, Sterz R, Joyce AT, Kalan-
tar-Zadeh K (2008) Impact of secondary hyperparathyroidism 
on disease progression, healthcare resource utilization and costs 
in pre-dialysis CKD patients. Curr Med Res Opin 24(11):3037–
3048. https://​doi.​org/​10.​1185/​03007​99080​24379​43

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1038/ki.2008.64
https://doi.org/10.1038/ki.2008.64
https://doi.org/10.1053/ajkd.2001.29254
https://doi.org/10.1503/cmaj.181372
https://doi.org/10.1503/cmaj.181372
https://doi.org/10.2215/cjn.03540708
https://doi.org/10.2215/cjn.03540708
https://doi.org/10.1186/1471-2369-13-140
https://doi.org/10.1186/1471-2369-13-140
https://doi.org/10.1185/03007990802437943

	Economic burden of secondary hyperparathyroidism in Germany: a matched comparison
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and data source
	Study population and cohorts
	Matching
	Outcomes

	Results
	Population characteristics
	All-cause mortality and comorbidities
	Healthcare resource utilization
	All-cause healthcare costs

	Discussion
	Conclusions
	Acknowledgements 
	References




