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Abstract
Purpose  This study aimed to analyze the utilization of cancer screenings in Germany before and during the COVID-19 
pandemic in 2020. The objective of the analysis was to identify the population at particular risk and to derive recommenda-
tions for the future use of resources to prevent long-term deteriorations in health outcomes.
Methods  The analysis was conducted based on claims data of all preventive health services for 15,833,662 patients from 
the largest statutory health insurance fund in Germany. Utilization of general female cancer screening, general male cancer 
screening, general health checkup, colorectal cancer screening stool test, colorectal cancer screening consultation, colo-
noscopy, skin cancer screening, and mammography screening was compared before (2017–2019) and during (2020) the 
pandemic.
Results  Data of a total of 42,046,078 observed screenings showed that the utilization of the individual screenings developed 
differently, but that the overall utilization decreased significantly by 21.46% during the COVID-19 pandemic (p < 0.001). At 
the same time, no catch-up effects were detected for total screenings throughout the entire year 2020. The highest decline in 
screenings was found for the elderly (p < 0.001) and women (p < 0.001).
Conclusion  Because the elderly are at higher risk for cancer, the omission of early detection might lead to higher treatment 
costs, reduced quality of life, and higher mortality. In addition, women's medical care in particular has been negatively 
affected, for example, by the interruption of mammography screenings and the lack of catch-up effects. Therefore, resources 
must be targeted to reduce burdens on health outcomes and public health in the long term.

Keywords  Claims data analysis · COVID-19 · Cancer screening · Gender inequalities · Age inequalities · Public health

Background

Noncommunicable diseases such as cancer and cardiovas-
cular diseases have a negative impact on public health by 
causing approximately 71% of deaths worldwide each year. 
Moreover, they are associated with reduced quality of life 
and lower life expectancy, as well as economic burdens in 
the form of rising treatment costs and declining productiv-
ity (Dzau et al. 2017; World Economic Forum 2017; World 
Health Organization 2021). Preventive health services are 
an important component of public health as early detection 

and treatment of noncommunicable diseases such as cancer 
and their precursors can reduce incidence, disease severity, 
and mortality (World Health Organization. Regional Office 
for Europe 2020). As a result, countries around the world, 
including Germany, offer screening programs that are legally 
regulated. For example, since 2008, a skin cancer screening 
program has been offered free of charge for patients with 
statutory health insurance (SHI) in Germany. The program’s 
effects were desirable from a public health perspective: since 
its introduction, an increased incidence of skin cancer has 
been observed, but the cases detected were mainly in ear-
lier stages of the disease (Girbig et al. 2021). Especially 
in malignant melanoma, early diagnosis and treatment are 
crucial as it has a direct impact on the survival rates (Girbig 
et al. 2021; McBain et al. 2021). Early diagnosis also plays 
an important role in successful treatment for other types 
of cancer, underlining the relevance of preventive health 
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services for health-care systems (World Health Organiza-
tion. Regional Office for Europe 2010).

The screening program in Germany comprises a total 
of ten different services and primarily focuses on the early 
detection of cancer. Only the screening for colorectal cancer, 
cervical cancer, and breast cancer is organized and eligible 
patients are invited based on a register, while other screen-
ings can be utilized opportunistically. Screening utilization 
varies in Germany with respect to the individual examina-
tions, sex, and age. For example, more than 50% of women 
younger than 70 years make use of female cancer screening 
every 3 years. Male cancer screening, on the other hand, 
is only used by up to 35% in at least 5 out of 10 years. In 
total, participation rates were relatively constant before the 
COVID-19 pandemic (Tillmanns et al. 2021).

With the spread of the COVID-19 pandemic since March 
2020 (World Health Organization. Regional Office for 
Europe 2022), however, international health-care systems 
have been disrupted (World Health Organization 2020). In 
addition to the direct medical impact from infections and 
associated mortality, the pandemic has led to widespread 
limitations in medical services (Wang et al. 2020). For exam-
ple, a change in the utilization of outpatient services such 
as for cancer screenings was observed internationally (Chen 
et al. 2021; Damerow et al. 2020; Doubova et al. 2021). The 
postponed or canceled screenings, however, could be linked 
to the risk of delayed diagnosis and, thus, more severe dis-
ease progressions and the duration of suspended screenings 
and potential catch-up effects will have a strong impact on 
long-term death rates (Alkatout et al. 2021; Blumen et al. 
2016; Burger et al. 2021; Duffy et al. 2022; Kregting et al. 
2021; Maringe et al. 2020; Yong et al. 2021).

Compared to international findings, scientific publica-
tions on the utilization of preventive health services during 
the pandemic based on German data are limited (Alkatout 
et al. 2021; Mayo et al. 2021). However, to contain the 
impact of postponed and canceled screenings in Germany 
and to best prevent poorer health outcomes, increased mor-
tality and rising health-care expenditures, a targeted use of 
limited health-care resources is essential in the long term. 
Prioritization of particularly vulnerable patient groups is 
only possible if differences in utilization are known, which 
can only be derived from examining trends across all pre-
ventive health services offered in a country and goes beyond 
simply analyzing individual screenings.

This explorative study attempts to fill the existing research 
gap by analyzing the utilization of all preventive health ser-
vices and cancer screenings legally regulated for German 
patients using claims data from 15,833,662 patients in the 
SHI before and during the COVID-19 pandemic to identify 
the population at particular risk and to derive recommenda-
tions for the best possible use of resources in future preven-
tive health programs. In addition, the change in outpatient 

reimbursement of screenings before and during COVID-19 
will be compared in the form of a health economic analysis 
as part of this study.

Methods

Study design and data source

The retrospective claims data analysis was based on national 
claims data from adult persons who were insured at the 
Allgemeine Ortskrankenkasse (AOK) in Germany between 
2017 and 2020. AOK consists of 11 regional health-care 
funds and together they represent the largest SHI fund in 
Germany. With 27 million insured persons, around one-third 
of the entire German population is covered by AOK (AOK-
Bundesverband 2022; Schulz et al. 2020).

The data analyzed in the study were provided by the AOK 
Research Institute (WIdO) and served the primary purpose 
of the reimbursement of services between providers and pay-
ers. WIdO processed the requested data on the basis of a 
predefined study protocol and made them available for the 
purpose of the study. The study protocol was prepared in 
accordance with the guideline for Good Practice of Second-
ary Data Analysis (GPS) (Swart et al. 2015). In addition, the 
Consensus German Reporting Standard for Secondary Data 
Analyses, Version 2 (STROSA 2) was used as a guidance for 
the reporting of the study, as it was developed especially for 
the particular requirements of German claims data analyses 
(Swart et al. 2016).

The anonymized data set contained the claims data of 
the fee schedule items (GOP) for all preventive health ser-
vices legally regulated for adult persons with SHI coverage 
in Germany. These included GOP 01730, 01760, and 01761 
for general female cancer screening, 01731 for general 
male cancer screening, 01732 for general health checkup, 
01734 and 01738 for colorectal cancer screening stool test, 
01740 for colorectal cancer screening consultation, 01741 
for colonoscopy, 01745 and 01746 for skin cancer screen-
ing, and 01750 for mammography. Beyond these GOPs, the 
data set included claims data for regionally agreed services 
for the listed screenings. Only claims data for early detec-
tion of abdominal aortic aneurysms were omitted because a 
complete data set for this preventive health service was not 
available for the observation period of the study. The term 
“screening” will be used synonymously for all preventive 
health services considered in the study.

The data set comprised the aggregated number of claims 
data on a monthly basis from January 2017 to December 
2020, specified by the age and sex of patients eligible for 
the respective examinations. Age categories were formed on 
the age calculated at the end of December 2020. Only the 
claims data of AOK were used, and no further data linkage 
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was performed. Table 1 provides an overview of the data 
obtained.

Sample and population

The study included all AOK insured persons who were 
25 years and older, eligible for the individual screenings 
based on their age and sex, insured in all quarters from 2017 
to 2020, and who did not die in the fourth quarter of 2020. 
Patients that were participating in a primary physician model 
were excluded from the data set for data protection reasons. 
An a priori sample size calculation was not performed due 
to the explorative study design.

Legal basis and data protection

Claims data are transferred to the AOK according to § 295 of 
the German Social Code, Book V. The transfer of social data 
such as claims data for the purpose of research is regulated 
in § 67b and § 75 of the Social Code, Book X. As the data 
holder, the WIdO has consented to the provision of the data 
for the exclusive purpose of this study, taking into account 
data protection measures. Because the data set submitted by 
the WIdO only contained the aggregated number of screen-
ings, the anonymized data did not allow any conclusions 
about individual persons. For this reason, no informed con-
sent was required from the individuals included in the data 
set. Furthermore, according to the GPS guideline, the con-
sultation of an ethics committee is not required for analyses 
of claims data (Swart et al. 2015).

Data processing, statistical analyses, and health 
economic analysis

During data preparation, the age categories 25–39 years, 
40–59 years, 60–79 years, and  > 80 years from a study by 
Kremer and Thurner (2020) were used to further summarize 
the age of the patients (Kremer and Thurner 2020). In addi-
tion, to compare utilization of screenings before COVID-19 

and during COVID-19, the number of claimed screenings 
in the years 2017, 2018, and 2019 were averaged. This 
approach was intended to compensate for potential bias in 
previous years and to provide an approximation of the actual 
effects of the pandemic. Thus, the average utilization values 
from 2017 to 2019 were set as the time before COVID-19. 
Although the COVID-19 pandemic was declared as such not 
before March 2020, the first cases were reported in January 
2020, which is why the values from 2020 were declared as 
the time during COVID-19 in the context of this study for 
the simplicity of the calculation.

The arithmetic mean and standard deviation (SD) of the 
change in monthly screening utilization before and during 
the COVID-19 pandemic were calculated using the observa-
tions from each GOP differentiated by sex and age category. 
Due to the sex- and age-based eligibility of the screenings, 
the total number of data points for the calculation of the 
mean and SD of each screening was 37 per month. Concern-
ing the evaluation of differences in the utilization of screen-
ings between women and men, only screenings that were 
available to both sexes were considered, resulting in a calcu-
lation of the mean and SD from a total of 14 data points per 
month per sex. Statistical analysis included the conduction 
of the binomial test to examine whether utilization changed 
significantly during the COVID-19 pandemic compared with 
the time before COVID-19. For this purpose, the respec-
tive proportion of utilized screenings during COVID-19 was 
compared with the proportion of utilized screenings before 
COVID-19 based on the number of insured persons that did 
not change during the observation period. This analysis com-
prised the individual GOPs, sex, and age of the patients. In 
addition, the independence of screening utilization before 
and during COVID-19 over the time course was tested using 
Pearson’s Chi-square test. This analysis was furthermore 
extended by distinguishing between sex and age categories. 
Effect sizes were calculated using Cramer’s V. The p value 
was set a priori at 0.05 to test two-sided significance. The 
Bonferroni–Holm correction was applied due to the multiple 
testing. Because of the small p values, even after adjustment 

Table 1   Overview of the 
screenings and eligible patients 
considered

a The age groups were raised by 5  years compared to the actual eligibility for the respective preventive 
health services, as the age of the patients was calculated at the end of 2020

GOP Type of examination Sex Agea

01730, 01760, 01761 General female cancer screening Female  ≥ 25 years
01731 General male cancer screening Male  ≥ 50 years
01732 General health checkup Female and Male  ≥ 40 years
01734, 01738 Colorectal cancer screening stool test Female and Male  ≥ 55 years
01740 Colorectal cancer screening consultation Female and Male  ≥ 55 years
01741 Colonoscopy Female and Male  ≥ 60 years
01745, 01746 Skin cancer screening Female and Male  ≥ 40 years
01750 Mammography screening Female  ≥ 55–69 years
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based on the number of tests performed in the respective 
tables, the original p values did not change and thus the 
Bonferroni–Holm correction had no effect on the reported 
results.

To be able to depict the change in preventive health ser-
vices financially, the study compared outpatient reimburse-
ment before and during COVID-19. For this purpose, the 
German uniform value scale (EBM) for outpatient billing 
of services provided by the SHI was considered. The cal-
culation of the compensation for the respective GOPs stud-
ied was based on the four quarters of the years 2017–2020. 
Changes in the reimbursement of GOPs within the quarters 
considered were taken into account. Time before COVID-
19 represented the average costs of the years 2017, 2018, 
and 2019. The calculation included the multiplication of the 
reimbursement of the individual GOPs with the number of 
screenings performed, which were provided by the WIdO. If 
simultaneous billing of several GOPs was not possible, the 
mean value of the reimbursement was used for the calcula-
tion (this was the case for GOPs 01760 and 01761 as well 
as 01745 and 01746).

Results

Total utilization

In total, data from 15,833,662 AOK insured individuals in 
the following age categories were included: (1) 25–39 years: 
1,908,846 (female), 2,013,686 (male); (2) 40–59 years: 
2,731,103 (female), 2,832,784 (male); (3) 60–79 years: 
2,371,561 (female), 2,113,089 (male); (4) ≥ 80  years: 
1,229,909 (female), 632,684 (male).

These patients attended 11,225,261 screenings in 2017, 
11,353,234 screenings in 2018, and 10,743,594 screen-
ings in 2019. This resulted in an average of 11,107,363 
attended screenings before COVID-19 (averages for the 
years 2017–2019). During COVID-19 (in the year 2020), the 
number of screenings decreased significantly by 21.46% to 
8,723,989 (p =  < 0.001), as shown in Table 2 with the bino-
mial test. Among individual screenings, the largest decrease 
in utilization was observed for the general health checkup 
with 45.35% less examinations (p =  < 0.001). With 5.99% 
less examinations, the smallest decrease was seen in general 
male cancer screening (p =  < 0.001). A significant decrease 
in utilization was also evident for the remaining GOPs. The 
colorectal cancer screening consultation, however, was the 
only exception with a significant increase of 8.92% during 
COVID-19 (p =  < 0.001). Figure 3 in Appendix provides 
a graphical illustration of the change in utilization of the 
individual screenings.

Figure 1 shows the mean percentage change in monthly 
utilization of all screenings during COVID-19 compared 

to the utilization before COVID-19 which is indicated by 
the horizontal line at 0. It was found that the monthly uti-
lization throughout 2020 was below the average utilization 
before COVID-19. Screening uptake was already lower in 
January and February 2020 (January: mean = − 18.69%, 
SD = 34.94%; February: mean = − 20.67%, SD = 33.29%). 
This decline worsened in March (mean = −  38.73%, 
SD = 27.60%) and reached its low point in April with a mean 
of 52.34% (SD = 23.28%) fewer screenings. After utiliza-
tion had approached to the previous years’ levels in July 
(mean = − 6.88%, SD = 20.92%), another decline occurred in 
August (mean = − 21.37%, SD = 19.99%). Following a slight 
recovery in the fall, utilization dropped again in the win-
ter, culminating in a mean percentage change of − 13.60% 
(SD = 19.63%) in December 2020. Both the mean percentage 
utilization and its SD for the months March, April, May, 
and August 2020 were lower than previous years’ values, 
indicating a sharp decline in the utilization of all screen-
ings in these months. For the remaining months, the mean 
of the total screenings was also below the previous years’ 
values, but the large SDs that exceeded the horizontal line at 
0 showed that individual screenings varied in these months, 
with some screenings meeting or even exceeding previous 
years’ levels. Overall, the mean number of screenings during 
2020 did not reach the previous years’ average in any month. 
As the mean screening utilization did not exceed the mean 
screening utilization from previous years to compensate for 
missed screenings, no catch-up effects could be detected.

This trend is also evident in Table 3, in which monthly 
utilization of screenings before and during COVID-19 was 
further examined using the Chi-square test. The analysis 
showed that total screening utilization was significantly 
related to the respective time period (χ2(1) = 164,057, 
p =  < 0.001, V = 0.091). In addition to the analysis of the 
total screenings, claims data for individual GOPs were 
examined on a monthly basis. A significant association in 
the time course of utilization was also detected for each 
individual screening at the p < 0.001 significance level. The 
largest effect size was found to be V = 0.221 for mammogra-
phy screening, followed by V = 0.124 for the general health 
checkup. Effect sizes of the other screenings were lower.

The monthly change in the individual GOPs revealed 
a decline in utilization in most cases when comparing the 
before COVID-19 and during COVID-19 time horizon. 
The largest drop was seen in April 2020 for mammogra-
phy screenings with a 98.71% decrease compared to before 
COVID-19. The general health checkup, with an average of 
70.03% fewer utilizations in April 2020, was also affected 
greatly compared to the previous years’ levels. The percent-
age change in utilization, however, differed between screen-
ings. While some screenings were performed less frequently, 
other screenings were requested more frequently in the same 
month than before COVID-19. For example, more colorectal 
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cancer screening consultations were utilized each month 
starting in June than in the same period before COVID-19. 
Comparing all GOPs, demand for colorectal cancer screen-
ing consultations increased the most, whereas demand for 
general health checkups decreased the most.

Differences in utilization with regard to sex and age

Beyond the consideration of the general utilization of 
screenings, differences due to patients’ sex and age were 
analyzed in more detail. Over the course of COVID-19, uti-
lization of total screenings available to women decreased 
significantly by 20.56% from 7,450,140 before COVID-19 

to 5,918,073 (p =  < 0.001) and for men by 23.28% from 
3,657,223 to 2,805,916 (p =  < 0.001). In the age group 
25–39 years, the utilization of total screenings decreased 
by 4.56% (p =  < 0.001), in the age group 40–59 years by 
18.65% (p =  < 0.001), in the age group 60–79 years by 
23.75% (p =  < 0.001), and for patients aged 80 years or 
older by 37.02% (p =  < 0.001). These results can be found 
in Table 4.

The mean percentage change in the monthly utilization of 
screenings before and during COVID-19 was differentiated 
between women and men in Fig. 2. Only GOPs that could be 
claimed for both sexes were considered. The mean utiliza-
tion of screenings has declined to a greater extent for females 

Table 2   Investigation of the 
change in utilization during 
compared to before COVID-19

GOP Utilization z-value q p

Total screenings – 1313.88 0.298  < 0.001
 Before COVID-19 11,107,363
 During COVID-19 8,723,989
 Change (%) – 21.46%

General female cancer screening – 212.84 0.779  < 0.001
 Before COVID-19 3,492,421
 During COVID-19 3,147,838
 Change (%) – 9.87%

General male cancer screening – 64.56 0.935  < 0.001
 Before COVID-19 1,027,356
 During COVID-19 965,852
 Change (%) – 5.99%

General health checkup – 842.22 0.822  < 0.001
 Before COVID-19 2,811,569
 During COVID-19 1,536,466
 Change (%) – 45.35%

Colorectal cancer screening stool test – 257.44 0.963  < 0.001
 Before COVID-19 583,324
 During COVID-19 392,478
 Change (%) – 32.72%

Colorectal cancer screening consultation 80.12 0.96  < 0.001
 Before COVID-19 638,853
 During COVID-19 695,823
 Change (%) 8.92%

Colonoscopy – 43.64 0.995  < 0.001
 Before COVID-19 85,341
 During COVID-19 66,919
 Change (%) – 21.59%

Skin cancer screening – 375.68 0.878  < 0.001
 Before COVID-19 1,931,488
 During COVID-19 1,442,453
 Change (%) – 25.32%

Mammography screening – 86.23 0.966  < 0.001
 Before COVID-19 537,010
 During COVID-19 476,160
 Change (%) – 11.33%
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than for males in each month when compared to the aver-
age utilization before COVID-19. The strongest difference 
between the sexes was observed in April. While the mean 
decrease in utilization for males was 54.48% (SD = 24.34%), 
females utilized on average 60.92% fewer screenings 
(SD = 20.07%) in April compared with the previous years’ 
average. However, for the months July and October through 
December, the overlapping SD suggests that in relation to 
the time period before COVID-19, the difference in screen-
ing utilization between sexes became smaller. The small-
est difference in the mean percentage change to the time 
period before COVID-19 was observed in October (female: 
mean = − 13.37%, SD = 18.96%; male: mean = − 12.63%, 
SD = 20.17%).

Furthermore, in Table 5 sex differences are examined 
in more detail for the entire year 2020 compared with the 
before COVID-19 period for screenings that were avail-
able to both women and men. The decrease in total utiliza-
tion of screenings was significantly more pronounced for 
women than for men during COVID-19. The largest differ-
ence between sexes was found for colonoscopy with a drop 
of 23.32% for women and 19.64% for men (χ2(1)=21, p = 
< 0.001, V = 0.012). The largest decrease in examinations 
offered for both sexes was observed for the general health 
checkup with a decrease of 46.47% for women and 43.93% 
for men (χ2(1) = 531, p = < 0.001, V = 0.011). Colorectal 
cancer screening consultation increased for women and men 
during COVID-19 compared to before COVID-19. While 
women used these examinations on average 7.51% more 
often, the demand increased by an average of 10.72% for 

men compared to previous years (χ2(1) = 71, p = < 0.001, 
V = 0.007).

Detailed tables of monthly screening utilization by 
women and men before and during COVID-19 are provided 
in Appendix 2 and 3.

Differences in the change of utilization could also be 
observed with regard to the age of the patients, as presented 
in Table 6. The change in utilization of total screenings was 
significantly related to patient age (χ2(2) = 14,559, p = < 
0.001, V = 0.038). The higher the age of the patients, the 
lower was the utilization of total screenings. While there 
were 27.11% fewer screenings in total recorded in the 40–59 
years age category, the decline was 31.84% in the 60–79 
years age category, and reached a maximum of 42.49% fewer 
screenings in the > 80 years age category. In addition, a 
significant decrease in utilization with increasing age was 
observed for all examinations, for which both women and 
men were eligible. Only the colorectal cancer screening stool 
test had a greater decrease in utilization among those aged 
55–59 years (− 36.96%) than among those aged 60–79 years 
(− 28.18%). Nevertheless, the greatest decline was again 
found among those > 80 years of age (− 41.66%) (χ2(2) 
= 1558, p = < 0.001, V = 0.040). For colorectal cancer 
screening consultations, an increase in utilization during 
COVID-19 of 36.73% was observed among patients in the 
age category 55–59 years compared with before COVID-
19. For patients aged 60–79 years, utilization changed by 
− 0.41% and patients > 80 years had a decrease in utilization 
of 9.02% (χ2(2) = 8354, p = < 0.001, V = 0.079). Another 
greater difference was found for colonoscopy, which showed 

Fig. 1   Percentage change in 
monthly utilization of screen-
ings before and during COVID-
19
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a 17.87% reduction in the number of cases in the 60–79 
years age category and a 54.32% reduction in the > 80 years 
age category (χ2(1) = 890, p = < 0.001, V = 0.076). The 
utilization by age groups can be found in Appendix 4 for 
women, and in Appendix 5 for men.

Health economic analysis

The results of the health economic analysis revealed notable 
variations in the reimbursement of preventive health ser-
vices for SHI patients before and during COVID-19. The 
calculation in Table 7 shows that before COVID-19 a yearly 
mean of €274,937,166 was reimbursed for screenings and 
checkups. During COVID-19, reimbursement decreased to 
€219,378,343, resulting in a reduction of €55,558,823. The 
smallest decrease was noted in general male cancer screen-
ings at €432,939, whereas the largest decrease was present 
in the general health checkups at €36,973,751. The only 
screening that was billed more often during COVID-19 was 
the colorectal cancer screening consultation with a change 
of €1,570,553.
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Table 4   Investigation of the change in utilization of all screenings 
before and during COVID-19 with regard to sex and age

Patient group Utilization z-value q p

Total screenings female – 775.13 0.529  < 0.001
 Before COVID-19 7,450,140
 During COVID-19 5,918,073
 Change (%) – 20.56%

Total screenings male – 507.82 0.769  < 0.001
 Before COVID-19 3,657,223
 During COVID-19 2,805,916
 Change (%) – 23.28%

Total screenings 25–39 years – 56.91 0.927  < 0.001
 Before COVID-19 1,149,367
 During COVID-19 1,096,952
 Change (%) – 4.56%

Total screenings 40–59 years – 443.48 0.737  < 0.001
 Before COVID-19 4,163,724
 During COVID-19 3,387,341
 Change (%) – 18.65%

Total screenings 60–79 years – 590.80 0.719  < 0.001
 Before COVID-19 4,449,227
 During COVID-19 3,392,557
 Change (%) – 23.75%

Total screenings > 80 years – 449.42 0.915  < 0.001
 Before COVID-19 1,345,045
 During COVID-19 847,139
 Change (%) – 37.02%
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Fig. 2   Percentage change in 
monthly utilization of screen-
ings before and during COVID-
19 comparing women and men

Table 5   Comparison of 
utilization between sex before 
and during COVID-19 for 
screenings available to both 
women and men

GOP Female Male χ2 df p V

Total screenings 1088 1  < 0.001 0.010
 Before COVID-19 3,420,708 2,629,867
 During COVID-19 2,294,075 1,840,064
 Change (%) – 32.94% – 30.03%

General health checkup 531 1  < 0.001 0.011
 Before COVID-19 1,574,858 1,236,711
 During COVID-19 842,988 693,478
 Change (%) – 46.47% – 43.93%

Colorectal cancer screening stool test 168 1  < 0.001 0.013
 Before COVID-19 364,352 218,973
 During COVID-19 240,043 152,435
 Change (%) – 34.12% – 30.39%

Colorectal cancer screening consultation 71 1  < 0.001 0.007
 Before COVID-19 358,816 280,037
 During COVID-19 385,754 310,069
 Change (%)  + 7.51%  + 10.72%

Colonoscopy 21 1  < 0.001 0.012
 Before COVID-19 45,048 40,293
 During COVID-19 34,541 32,378
 Change (%) – 23.32% – 19.64%

Skin cancer screening 317 1  < 0.001 0.010
 Before COVID-19 1,077,634 853,853
 During COVID-19 790,749 651,704
 Change (%) – 26.62% – 23.67%
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Discussion

Key findings

The aim of this claims data analysis was to investigate 
the utilization of all preventive health services and can-
cer screenings offered to SHI patients in Germany before 
and during the COVID-19 pandemic. The study revealed 
two major findings. First, the utilization of total screenings 
decreased during the COVID-19 pandemic, but trends in 

utilization varied with respect to individual screenings. Sec-
ond, screening utilization has developed differently among 
patient groups.

Change in screening utilization

The analysis showed that the number of total screenings 
decreased significantly in Germany by around 21.46% in 
2020 compared to before COVID-19 (p < 0.001). In addi-
tion, the 4-year observation period revealed a decrease 

Table 6   Comparison of utilization between age before and during COVID-19

a Data from patients ≥ 55 years

GOP 40–59 years 60–79 years  > 80 years χ2 df p V

Total screenings 14,559 2  < 0.001 0.038
 Before COVID-19 2,367,027 2,727,664 955,885
 During COVID-19 1,725,231 1,859,157 549,751
 Change (%) – 27.11% – 31.84% – 42.49%

General health checkup 12,244 2  < 0.001 0.053
 Before COVID-19 1,205,688 1,149,165 456,716
 During COVID-19 735,828 596,004 204,634
 Change (%) – 38.97% – 48.14% – 55.19%

Colorectal cancer screening stool testa 1558 2  < 0.001 0.040
 Before COVID-19 156,597 332,382 94,345
 During COVID-19 98,721 238,720 55,037
 Change (%) – 36.96% – 28.18% – 41.66%

Colorectal cancer screening consultationa 8354 2  < 0.001 0.079
 Before COVID-19 181,986 363,951 92,916
 During COVID-19 248,832 362,455 84,536
 Change (%)  + 36.73% – 0.41% – 9.02%

Colonoscopy 890 1  < 0.001 0.076
 Before COVID-19 76,645 8696
 During COVID-19 62,947 3972
 Change (%) – 17.87% – 54.32%

Skin cancer screening 2334 2  < 0.001 0.026
 Before COVID-19 822,756 805,520 303,212
 During COVID-19 641,850 599,031 201,572
 Change (%) – 21.99% – 25.63% – 33.52%

Table 7   Change in outpatient 
reimbursement for screenings 
before and during COVID-19

GOP Reimbursement 
before COVID-19

Reimbursement dur-
ing COVID-19

Change

Total screenings €274,937,166 €219,378,343 €– 55,558,823
General female cancer screening €67,057,068 €59,944,056 €– 7,113,012
General male cancer screening €15,680,030 €15,247,091 €– 432,939
General health checkup €91,712,390 €54,738,639 €– 36,973,751
Colorectal cancer screening stool test €4,252,667 €3,234,019 €– 1,018,648
Colorectal cancer screening consultation €7,279,721 €8,850,274 €1,570,553
Colonoscopy €17,697,434 €13,365,208 €– 4,332,226
Skin cancer screening €39,550,547 €34,805,686 €– 4,744,860
Mammography screening €31,707,309 €29,193,370 €– 2,513,940
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of total screenings throughout the course of 2020, with 
the largest declines being temporally related to the lock-
downs introduced in Germany. In addition to the largest 
change in perceived screenings in April 2020 (− 52.34%), 
a decrease of about 24% was also noted in ambulatory 
care utilization for that month, as shown by Bayindir and 
Schreyögg (2022) (Bayindir and Schreyögg 2022). While 
ambulatory care utilization returned to prior-year levels 
during the year (Bayindir and Schreyögg 2022), no catch-
up effects were detected in our study throughout the entire 
year.

The decline in utilization of cancer screenings shown 
in our study is consistent with international findings 
(Doubova et al. 2021; Lantinga et al. 2021; Mantellini 
et al. 2020; Song et al. 2021). For example, a system-
atic review by Alkatout et al. (2021) and a meta-analysis 
by Mayo et al. (2021) reported a substantial decline in 
screenings worldwide (Alkatout et al. 2021; Mayo et al. 
2021). Compared to the existing literature, however, our 
study goes beyond examining only individual screenings 
by providing evidence on the development of screening 
utilization based on the analysis of the entire prevention 
program in Germany and differentiates between individ-
ual patient groups.

In addition, the change in utilization before and during 
COVID-19 developed differently for the individual pre-
ventive health services. The highest decrease was found in 
general health checkup with 45.35%, followed by declines 
in colorectal cancer screening stool test with 32.72%, skin 
cancer screening with 25.32%, and colonoscopy with 
21.59%. Changes were less marked in the sex-specific 
screenings: mammography screening, general female can-
cer screening, and general male cancer screening with 
− 11.33%, − 9.87%, and − 5.99% respectively. In con-
trast, colorectal cancer screening consultation, the only 
screening that does not involve a physical examination, 
increased by 8.92% in 2020. Consultation numbers as of 
June 2020 even surpassed the number of consultations for 
this screening compared to the same time period before 
COVID-19.

The overall negative development of patient numbers 
during the pandemic, both internationally and in Ger-
many, as well as the different directions and magnitudes 
of changes in the utilization of the individual cancer 
screenings could have various causes: (1) A decrease in 
patient demand, which most likely is linked to the fear 
of an infection with SARS-CoV-2 (Hajek et al. 2021; 
Lazzerini et al. 2020). For example, a survey from the 
USA found that approximately 40.9% of respondents post-
poned or even avoided physician visits until June 2020 
because they were concerned about COVID-19 (Czeisler 

et al. 2020). (2) A decrease in supply due to the suspen-
sion of services and programs, such as the interruption 
of breast cancer screening programs for different time 
periods in countries like Australia, the Netherlands, and 
the UK (Figueroa et al. 2021). Mammography screen-
ings were also suspended in Germany at the beginning 
of the pandemic (Ärztezeitung 2020), which is reflected 
in our data set with a decrease of 98.71% in April 2020. 
At the same time, there is evidence that the likelihood of 
receiving appointments in outpatient practices in Ger-
many decreased at the onset of the pandemic (Muschol 
and Gissel 2021), which may also have contributed to the 
change in case numbers for preventive health services. 
(3) The different multiyear eligibility of each screening 
may have had an influence on utilization. For example, 
patients are only eligible for the general health checkup 
every three years, which could lead to the effect that this 
checkup might be more likely to be postponed by patients 
or physicians. (4) The respective medical procedure may 
have had an impact on utilization. Procedures such as 
skin cancer screenings or colonoscopies with pronounced 
physical contact and a presumably more time-consum-
ing treatment have decreased, whereas colorectal can-
cer screening consultations that do not require intense 
physical contact have increased. In addition, the ability 
to perform these screenings with the help of video con-
sultations might have also led to an increase in this type 
of screenings. (5) High utilization of screenings prior to 
the pandemic could be an indicator of the perceived rel-
evance of the respective screenings, which persisted dur-
ing the pandemic. In particular, general cancer screening 
for women, mammography screening, and general cancer 
screening for men were utilized comparatively frequently 
by eligible patients in 2019 with 46%, 25%, and 23%, 
respectively (Tillmanns et al. 2021).

Decline for women and the elderly

In addition to the general change in the utilization of indi-
vidual screenings in Germany, our study also found that the 
utilization of screenings developed differently with regard 
to patient-specific characteristics such as sex and age. For 
screenings that can be claimed for both sexes, a significantly 
stronger decrease was observed for women than for men 
(32.94% vs. 30.03%). Structural changes in the population 
that occurred during the COVID-19 pandemic may have 
influenced utilization. For example, during the COVID-19 
pandemic, the gender care gap was reflected in women hav-
ing to perform more unpaid care work. This shift of time 
resources could have influenced women's use of medical 
care (Pacheco et al. 2021; Power 2020).
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Patients’ age also had a significant impact on screening 
utilization. The older the patients, the greater the decrease 
in utilization of screenings. While total screenings in 2020 
decreased by 27.11% for those aged 40–59  years, the 
decrease was greatest among patients aged 80 years and 
older, at 42.49%. The decline in utilization might be related 
to the fact that older individuals are at increased risk for a 
severe COVID-19 progression and have an increased risk 
of mortality (Romero Starke et al. 2021). In addition, the 
elderly are often affected by health-care inequalities as they 
face access barriers to health-care systems and suffer from 
delays in medical care (Jang and Kim 2020; Saif‐Ur‐Rah-
man et al. 2021). The assumption that this effect may be 
exacerbated during the pandemic can be supported by our 
findings and leads to concerns that the health status of the 
elderly may deteriorate (Jang and Kim 2020).

Impact on policy and practice

Our results show that in an international comparison, a large 
number of state regulated preventive health services and 
screenings have not been performed in Germany either. The 
concern that cancer and other noncommunicable diseases, 
especially in early stages, are detected later also applies to 
Germany due to this trend. This circumstance could lead to a 
more severe disease progression and worse health outcomes 
for patients causing higher morbidity and mortality. This 
concern is supported for Germany by two studies from Jacob 
et al. (2021, 2022), which found that the number of cancer 
diagnoses decreased significantly in German practices dur-
ing the COVID-19 pandemic (Jacob et al. 2021, 2022). For 
example, in April 2020, there were 32.0% fewer new cancer 
diagnoses in gynecology practices and 44.4% fewer in der-
matology practices (Jacob et al. 2021).

Economic effects

Finally, our health economic analysis revealed that the 
change in utilization of preventive health services dur-
ing COVID-19 also led to variations in outpatient reim-
bursement. Our calculation showed that approximately 
€55,558,823 were billed less during COVID-19. A WIdO 
report by Tillmanns et al. (2021) presented the 2019 and 
2020 spending for preventive health services. These calcula-
tions showed a difference of around €49 million. Although 
the WIdO calculation considered more chargeable services 
and only took the years 2019 and 2020 into account, it 
resulted in similar overall differences, supporting our find-
ings (Tillmanns et al. 2021). In the long term, however, these 

saved costs will most likely be offset by the costs arising 
from an increased burden and duration of diseases due to 
delayed or omitted early detection. First evidence of cancer 
treatment in Germany suggests considerable decreases in 
cancer diagnoses and cases such as skin cancer as well as 
gynecologic and breast cancer during the pandemic (Jacob 
et al. 2021, 2022; Kaltofen et al. 2022; Kleemann et al. 
2022). The total amount of the additional costs caused by 
this development, however, will only be quantifiable in the 
future.

Practical implications

Our results show that individual screenings and patient 
groups underwent different shifts during the COVID-19 
pandemic and that the utilization was particularly impaired 
among women and elderly patients. To be able to maintain 
public health in the long term and to be able to mitigate an 
increase in health-care spending, there are some practical 
implications in order to allocate limited medical resources 
in the best possible way. In the future, greater utilization of 
screenings should be promoted, and appropriate interven-
tions have to be implemented by policymakers and health-
care providers to support catch-up effects. Patients should 
be encouraged to continue using preventive health services 
and the safety of screenings should also be highlighted in the 
event of future unforeseeable developments.

Screenings that have seen the greatest decline in 2020, 
such as the general health checkup, colorectal cancer stool 
test, skin cancer screening, and colonoscopy, should be pro-
moted the most. Furthermore, education on the utilization 
of cancer screening has to be tailored to individual groups 
of the population. In particular, access barriers for women 
and older patients need to be lowered and available resources 
should be targeted to these vulnerable groups. The use of 
digital applications could be promoted in the form of apps 
or telemedicine when suited for the respective examinations. 
During the COVID-19 pandemic, the use of telemedicine 
has increased in many areas, such as outpatient care in gen-
eral medical practices or follow-up care of surgery patients, 
often providing satisfactory results (Knörr et  al. 2022; 
Muschol et al. 2022). Some cancer screenings have also 
been supported by telehealth services (Price et al. 2022). 
One area that is particularly suitable for the use of telemedi-
cine is dermatology (Trettel et al. 2018). For the screening 
of skin cancer, the use of artificial intelligence can also be 
beneficial (Sangers et al. 2021). Our study has shown that 
the COVID-19 related decrease in cancer screening utiliza-
tion was strongly pronounced among older patients, i.e. they 
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could be the population that benefits the most from digital 
health alternatives to conventional in-person screenings. 
When using digital health applications, it should therefore 
be ensured that older patients face no access barriers and 
that the applications are adapted to the needs and abilities 
of older people.

Finally, it is essential to continue monitoring the develop-
ment of the utilization of screenings in the future, to timely 
recognize potential shifts in utilization for different patient 
groups, and to aim for timely reallocation of resources.

Limitations

This study has four main limitations. First, due to data 
protection, access to patient data is highly regulated for 
research in Germany. For this reason, the study was based 
on an aggregated data set and an analysis of individual fac-
tors was not possible. For example, no conclusions could be 
drawn about the socioeconomic status of patients, although 
this may have had an impact on the utilization of screenings 
and should therefore be investigated further in future studies. 
In addition, besides the COVID-19 pandemic, other factors 
could have had an impact on the utilization of screenings 
in 2020, which could not be determined within the scope 
of the study due to the data basis. However, we consider 
the strong influence of the COVID-19 pandemic to be the 
primary driver for the development of screening utilization. 
Second, because of the data structure, the annual number 
of eligible patients for the respective screenings could not 
be detected. In addition, it could be the case that individual 
patients changed age groups during the observation period. 
Because of the rather large data set, however, this should 
not have resulted in any major bias. Third, the retrospective 
study design only allowed for an analysis of the past screen-
ing utilization, which is why it was not possible to make 
statements about future developments in screenings and 
prognoses about the effect of omitted screenings on future 
development of cancer diagnoses and disease severity within 
the scope of the study. Finally, the data set included a vast 
number of the insured population in Germany. Nevertheless, 
not the entire population was represented within the data 

set and insurance-specific patient characteristics may dif-
fer from other insured patients, especially in private health 
insurances.

Conclusion

This was the first study that examined changes in the utiliza-
tion of all preventive health services and cancer screenings 
available to SHI patients in Germany during the COVID-19 
pandemic. Based on the analysis of claims data from the 
largest German statutory health insurance fund, it was found 
that the utilization of the individual screenings developed 
differently during the COVID-19 pandemic with an over-
all decline in utilization and no catch-up effects throughout 
2020. This negative trend is also reflected in the interna-
tional context. The patient groups of women and the elderly 
were particularly affected by the decline in cancer screen-
ings. The postponement or omission of early detection of 
noncommunicable diseases is associated with the fear of 
worse health outcomes in the form of more severe disease 
progressions and increased mortality in the long term. At the 
same time, this could lead to increased health-care expen-
ditures and a loss of productivity for the German economy. 
To counteract the negative trend, there is an urgent need for 
catch-up effects, especially for screenings, which have expe-
rienced a particularly severe reduction of utilization. To this 
end, resources should be targeted to encourage patients to 
make greater use of preventive health services and to support 
physicians in offering these services. To assist the delivery 
of screening in the future, the adoption of digital applica-
tions such as telemedicine, apps, or artificial intelligence 
should be expanded, as their increasing use since the onset 
of the pandemic has demonstrated their potential in this 
medical area. Only through focused collaboration between 
policymakers and health-care providers can the serious bur-
dens that occurred during the COVID-19 pandemic and that 
extend beyond the direct impact of the pandemic be miti-
gated in the long term.
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Appendix 1

See Fig. 3.

Fig. 3   Percentage change per 
individual screening during 
COVID-19 compared to before 
COVID-19



5359Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367	

1 3

A
pp

en
di

x 
2:

 C
om

pa
ri

so
n 

of
 m

on
th

ly
 u

ti
liz

at
io

n 
by

 w
om

en
 b

ef
or

e 
an

d 
du

ri
ng

 C
O

V
ID

‑1
9

G
O

P
Ja

n
Fe

b
M

ar
A

pr
M

ay
Ju

n
Ju

l
A

ug
Se

p
O

ct
N

ov
D

ec
χ2

df
p

V

To
ta

l
12

2,
64

5
11

 <
 0.

00
1

0.
09

6
 B

ef
or

e 
CO

V
ID

-
19

79
0,

06
6

71
2,

84
6

75
0,

67
4

63
5,

01
9

69
5,

10
8

61
0,

74
7

58
1,

98
3

52
7,

18
5

58
7,

66
4

54
3,

33
2

62
8,

67
7

38
6,

83
8

 D
ur

in
g 

CO
V

ID
-

19

65
5,

34
7

57
3,

91
8

46
3,

52
7

29
2,

81
2

46
1,

58
8

54
6,

18
8

54
8,

66
4

41
9,

70
2

55
8,

08
0

51
7,

36
3

54
0,

81
2

34
0,

07
2

 C
ha

ng
e 

(%
)

– 
17

.0
5%

– 
19

.4
9%

– 
38

.2
5%

– 
53

.8
9%

– 
33

.5
9%

– 
10

.5
7%

– 
5.

73
%

– 
20

.3
9%

– 
5.

03
%

– 
4.

78
%

– 
13

.9
8%

– 
12

.0
9%

G
en

er
al

 
fe

m
al

e 
ca

nc
er

 
sc

re
en

in
g

38
,2

26
11

 <
 0.

00
1

0.
07

6

 B
ef

or
e 

CO
V

ID
-

19

36
8,

21
3

32
1,

95
3

34
5,

94
8

30
0,

29
4

32
6,

85
1

28
7,

81
6

26
9,

58
7

24
1,

57
6

27
2,

37
8

25
8,

78
2

30
5,

33
7

19
3,

68
7

 D
ur

in
g 

CO
V

ID
-

19

35
0,

61
5

29
8,

93
4

25
7,

86
2

17
7,

87
0

26
1,

73
0

29
0,

60
0

27
6,

43
4

21
2,

37
4

28
8,

06
7

26
3,

24
7

28
8,

35
5

18
1,

75
0

 C
ha

ng
e 

(%
)

– 
4.

78
%

– 
7.

15
%

– 
25

.4
6%

– 
40

.7
7%

– 
19

.9
2%

 +
 0.

97
%

 +
 2.

54
%

– 
12

.0
9%

 +
 5.

76
%

 +
 1.

73
%

– 
5.

56
%

– 
6.

16
%

G
en

er
al

 
he

al
th

 
ch

ec
ku

p

42
,1

27
11

 <
 0.

00
1

0.
13

2

 B
ef

or
e 

CO
V

ID
-

19

18
6,

68
5

17
0,

27
4

17
2,

29
3

14
2,

02
0

15
2,

81
5

12
8,

92
5

12
0,

52
2

10
7,

94
9

11
8,

41
8

98
,1

71
11

1,
63

8
65

,1
50

 D
ur

in
g 

CO
V

ID
-

19

95
,6

34
84

,3
65

60
,9

39
39

,5
75

63
,9

92
76

,7
05

83
,9

67
59

,7
92

79
,8

87
76

,9
99

75
,0

57
46

,0
76

 C
ha

ng
e 

(%
)

– 
48

.7
7%

– 
50

.4
5%

– 
64

.6
3%

– 
72

.1
3%

– 
58

.1
2%

– 
40

.5
0%

– 
30

.3
3%

– 
44

.6
1%

– 
32

.5
4%

– 
21

.5
7%

– 
32

.7
7%

– 
29

.2
8%

C
ol

or
ec

ta
l 

ca
nc

er
sc

re
en

in
g 

sto
ol

 te
st

50
40

11
 <

 0.
00

1
0.

09
1

 B
ef

or
e 

CO
V

ID
-

19

37
,3

29
37

,5
79

42
,0

66
24

,2
87

29
,9

20
27

,7
99

27
,4

73
24

,1
69

29
,3

22
27

,3
32

32
,9

55
24

,1
22



5360	 Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367

1 3

G
O

P
Ja

n
Fe

b
M

ar
A

pr
M

ay
Ju

n
Ju

l
A

ug
Se

p
O

ct
N

ov
D

ec
χ2

df
p

V

 D
ur

in
g 

CO
V

ID
-

19

24
,0

82
24

,7
17

20
,0

90
99

41
17

,5
72

20
,6

72
23

,0
14

15
,4

16
22

,9
52

21
,9

60
22

,7
94

16
,8

33

 C
ha

ng
e 

(%
)

– 
35

.4
9%

– 
34

.2
3%

– 
52

.2
4%

– 
59

.0
7%

– 
41

.2
7%

– 
25

.6
4%

– 
16

.2
3%

– 
36

.2
1%

– 
21

.7
2%

– 
19

.6
5%

– 
30

.8
3%

– 
30

.2
2%

C
ol

or
ec

ta
l 

ca
nc

er
sc

re
en

in
g 

co
ns

ul
ta

tio
n

40
80

11
 <

 0.
00

1
0.

07
4

 B
ef

or
e 

CO
V

ID
-

19

31
,5

64
28

,7
90

30
,7

30
28

,6
59

32
,6

15
28

,8
48

30
,9

67
28

,3
13

31
,1

29
30

,7
52

34
,5

20
21

,9
29

 D
ur

in
g 

CO
V

ID
-

19

41
,3

42
35

,9
51

28
,6

10
21

,2
03

30
,4

33
34

,6
22

36
,7

83
28

,4
31

36
,6

25
34

,3
27

34
,7

87
22

,6
40

 C
ha

ng
e 

(%
)

 +
 30

.9
8%

 +
 24

.8
7%

– 
6.

90
%

– 
26

.0
2%

– 
6.

69
%

 +
 20

.0
2%

 +
 18

.7
8%

 +
 0.

42
%

 +
 17

.6
6%

 +
 11

.6
2%

 +
 0.

77
%

 +
 3.

24
%

C
ol

on
os

co
py

49
3

11
 <

 0.
00

1
0.

07
9

 B
ef

or
e 

CO
V

ID
-

19

41
96

37
70

41
63

36
70

39
79

37
75

37
16

35
61

37
07

35
68

41
15

28
27

 D
ur

in
g 

CO
V

ID
-

19

36
44

32
98

28
34

17
91

25
05

29
96

32
02

25
92

34
07

29
57

31
13

22
02

 C
ha

ng
e 

(%
)

– 
13

.1
6%

– 
12

.5
2%

– 
31

.9
3%

– 
51

.2
0%

– 
37

.0
4%

– 
20

.6
4%

– 
13

.8
3%

– 
27

.2
1%

– 
8.

10
%

– 
17

.1
2%

– 
24

.3
5%

– 
22

.1
1%

Sk
in

 c
an

ce
r 

sc
re

en
in

g
16

,1
32

11
 <

 0.
00

1
0.

09
3

 B
ef

or
e 

CO
V

ID
-

19

11
1,

88
6

10
2,

09
9

10
4,

55
6

94
,0

92
10

2,
63

7
89

,9
93

89
,6

63
79

,8
67

85
,7

30
76

,6
15

86
,6

28
53

,8
70

 D
ur

in
g 

CO
V

ID
-

19

89
,0

31
77

,2
16

58
,7

79
41

,8
91

62
,5

69
71

,7
62

78
,3

53
58

,2
42

74
,1

40
68

,5
86

67
,2

45
42

,9
35

 C
ha

ng
e 

(%
)

– 
20

.4
3%

– 
24

.3
7%

– 
43

.7
8%

– 
55

.4
8%

– 
39

.0
4%

– 
20

.2
6%

– 
12

.6
1%

– 
27

.0
8%

– 
13

.5
2%

– 
10

.4
8%

– 
22

.3
7%

– 
20

.3
0%

M
am

m
og

ra
-

ph
y 

sc
re

en
-

in
g

49
,6

29
11

 <
 0.

00
1

0.
22

1

 B
ef

or
e 

CO
V

ID
-

19

50
,1

94
48

,3
81

50
,9

18
41

,9
98

46
,2

92
43

,5
90

40
,0

55
41

,7
51

46
,9

81
48

,1
13

53
,4

84
25

,2
53

 D
ur

in
g 

CO
V

ID
-

19

50
,9

99
49

,4
37

34
,4

13
54

1
22

,7
87

48
,8

31
46

,9
11

42
,8

55
53

,0
02

49
,2

87
49

,4
61

27
,6

36

 C
ha

ng
e 

(%
)

 +
 1.

60
%

 +
 2.

18
%

– 
32

.4
1%

– 
98

.7
1%

– 
50

.7
8%

 +
 12

.0
2%

 +
 17

.1
2%

 +
 2.

64
%

 +
 12

.8
2%

 +
 2.

44
%

– 
7.

52
%

 +
 9.

44
%



5361Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367	

1 3

A
pp

en
di

x 
3:

 C
om

pa
ri

so
n 

of
 m

on
th

ly
 u

ti
liz

at
io

n 
by

 m
en

 b
ef

or
e 

an
d 

du
ri

ng
 C

O
V

ID
‑1

9

G
O

P
Ja

n
Fe

b
M

ar
A

pr
M

ay
Ju

n
Ju

l
A

ug
Se

p
O

ct
N

ov
D

ec
χ2

df
p

V

To
ta

l
42

,5
98

11
 <

 0.
00

1
0.

08
1

 B
ef

or
e 

CO
V

ID
-1

9
42

5,
77

8
37

4,
24

9
37

5,
12

7
30

7,
68

6
32

5,
94

3
28

4,
32

8
27

6,
62

6
25

3,
92

8
27

6,
37

6
25

5,
37

0
30

1,
74

1
20

0,
07

2

 D
ur

in
g 

CO
V

ID
-1

9
33

3,
20

8
28

8,
46

3
22

6,
26

1
15

6,
46

1
21

7,
02

2
24

1,
15

7
25

0,
86

8
19

4,
51

5
25

0,
32

7
23

5,
63

2
24

5,
00

9
16

6,
99

3

 C
ha

ng
e 

(%
)

– 
21

.7
4%

– 
22

.9
2%

– 
39

.6
8%

– 
49

.1
5%

– 
33

.4
2%

– 
15

.1
8%

– 
9.

31
%

– 
23

.4
0%

– 
9.

43
%

– 
7.

73
%

– 
18

.8
0%

– 
16

.5
3%

G
en

er
al

 m
al

e 
ca

nc
er

 sc
re

en
-

in
g

10
,2

08
11

 <
 0.

00
1

0.
07

2

 B
ef

or
e 

CO
V

ID
-1

9
11

5,
10

9
10

0,
81

9
10

4,
41

7
86

,9
40

90
,3

77
78

,5
37

73
,6

72
68

,7
92

75
,6

77
76

,6
24

94
,0

64
62

,3
28

 D
ur

in
g 

CO
V

ID
-1

9
11

5,
45

8
99

,9
03

81
,8

00
55

,9
84

76
,5

37
83

,4
74

80
,4

37
64

,1
02

83
,6

65
79

,4
55

87
,1

48
57

,8
89

 C
ha

ng
e 

(%
)

 +
 0.

30
%

– 
0.

91
%

– 
21

.6
6%

– 
35

.6
1%

– 
15

.3
1%

 +
 6.

29
%

 +
 9.

18
%

– 
6.

82
%

 +
 10

.5
5%

 +
 3.

70
%

– 
7.

35
%

– 
7.

12
%

G
en

er
al

 h
ea

lth
 

ch
ec

ku
p

24
,7

68
11

 <
 0.

00
1

0.
11

3

 B
ef

or
e 

CO
V

ID
-1

9
15

7,
25

3
13

7,
14

7
13

4,
91

9
10

7,
16

3
11

2,
96

6
97

,0
77

91
,3

22
83

,5
17

91
,6

78
76

,6
52

89
,5

33
57

,4
83

 D
ur

in
g 

CO
V

ID
-1

9
84

,8
42

72
,2

44
52

,8
44

35
,0

96
51

,9
33

59
,4

77
63

,6
91

48
,0

72
62

,9
98

60
,2

41
60

,9
72

41
,0

68

 C
ha

ng
e 

(%
)

– 
46

.0
5%

– 
47

.3
2%

– 
60

.8
3%

– 
67

.2
5%

– 
54

.0
3%

– 
38

.7
3%

– 
30

.2
6%

– 
42

.4
4%

– 
31

.2
8%

– 
21

.4
1%

– 
31

.9
0%

– 
28

.5
6%

C
ol

or
ec

ta
l 

ca
nc

er
sc

re
en

in
g 

sto
ol

 
te

st

27
37

11
 <

 0.
00

1
0.

08
6

 B
ef

or
e 

CO
V

ID
-1

9
26

,1
74

24
,6

58
24

,8
20

15
,2

67
17

,2
75

15
,3

64
16

,1
71

14
,5

93
16

,1
03

16
,2

26
19

,2
86

13
,0

36

 D
ur

in
g 

CO
V

ID
-1

9
17

,1
90

16
,5

44
12

,6
21

74
46

11
,5

01
12

,6
60

14
,6

70
10

,4
19

13
,5

96
13

,1
54

13
,1

61
94

73

 C
ha

ng
e 

(%
)

– 
34

.3
2%

– 
32

.9
1%

– 
49

.1
5%

– 
51

.2
3%

– 
33

.4
2%

– 
17

.6
0%

– 
9.

28
%

– 
28

.6
0%

– 
15

.5
7%

– 
18

.9
3%

– 
31

.7
6%

– 
27

.3
3%



5362	 Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367

1 3

G
O

P
Ja

n
Fe

b
M

ar
A

pr
M

ay
Ju

n
Ju

l
A

ug
Se

p
O

ct
N

ov
D

ec
χ2

df
p

V

C
ol

or
ec

ta
l 

ca
nc

er
sc

re
en

in
g 

co
n-

su
lta

tio
n

21
91

11
 <

 0.
00

1
0.

06
1

 B
ef

or
e 

CO
V

ID
-1

9
26

,4
94

23
,6

28
23

,9
36

22
,3

63
24

,7
32

21
,8

21
23

,6
79

22
,1

62
23

,4
39

23
,3

92
26

,3
88

18
,0

02

 D
ur

in
g 

CO
V

ID
-1

9
34

,3
26

30
,1

85
24

,7
61

18
,7

11
23

,7
95

26
,5

19
28

,3
95

22
,9

58
28

,3
55

26
,1

64
26

,9
66

18
,9

34

 C
ha

ng
e 

(%
)

 +
 29

.5
6%

 +
 27

.7
5%

 +
 3.

45
%

– 
16

.3
3%

– 
3.

79
%

 +
 21

.5
3%

 +
 19

.9
1%

 +
 3.

59
%

 +
 20

.9
7%

 +
 11

.8
5%

 +
 2.

19
%

 +
 5.

18
%

C
ol

on
os

co
py

26
0

11
 <

 0.
00

1
0.

06
0

 B
ef

or
e 

CO
V

ID
-1

9
38

57
35

75
38

13
33

01
35

83
32

66
32

97
31

50
32

57
30

84
35

19
25

92

 D
ur

in
g 

CO
V

ID
-1

9
34

17
30

42
28

31
19

03
24

95
27

91
29

52
24

48
29

84
26

79
27

42
20

94

 C
ha

ng
e 

(%
)

– 
11

.4
2%

– 
14

.9
1%

– 
25

.7
5%

– 
42

.3
4%

– 
30

.3
6%

– 
14

.5
4%

– 
10

.4
7%

– 
22

.2
9%

– 
8.

38
%

– 
13

.1
4%

– 
22

.0
8%

– 
19

.2
0%

Sk
in

 c
an

ce
r 

sc
re

en
in

g
87

11
11

 <
 0.

00
1

0.
07

6

 B
ef

or
e 

CO
V

ID
-1

9
96

,8
91

84
,4

22
83

,2
22

72
,6

54
77

,0
10

68
,2

63
68

,4
85

61
,7

14
66

,2
22

59
,3

91
68

,9
50

46
,6

31

 D
ur

in
g 

CO
V

ID
-1

9
77

,9
75

66
,5

45
51

,4
04

37
,3

21
50

,7
61

56
,2

36
60

,7
23

46
,5

16
58

,7
29

53
,9

39
54

,0
20

37
,5

35

 C
ha

ng
e 

(%
)

-1
9.

52
%

-2
1.

18
%

-3
8.

23
%

-4
8.

63
%

-3
4.

09
%

-1
7.

62
%

-1
1.

33
%

-2
4.

63
%

-1
1.

31
%

-9
.1

8%
-2

1.
65

%
-1

9.
51

%



5363Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367	

1 3

A
pp

en
di

x 
4:

 C
om

pa
ri

so
n 

of
 fe

m
al

e 
ut

ili
za

ti
on

 b
et

w
ee

n 
ag

e 
ca

te
go

ri
es

 b
ef

or
e 

an
d 

du
ri

ng
 C

O
V

ID
‑1

9

G
O

P
25

–3
9 

ye
ar

s
40

–5
9 

ye
ar

s
60

–7
9 

ye
ar

s
 >

 80
 y

ea
rs

χ2
df

p
V

To
ta

l s
cr

ee
ni

ng
s

49
,9

35
3

 <
 0.

00
1

0.
06

1
 B

ef
or

e 
CO

V
ID

-1
9

1,
14

9,
36

7
2,

86
4,

38
4

2,
65

8,
90

0
77

7,
48

9
 D

ur
in

g 
CO

V
ID

-1
9

1,
09

6,
95

2
2,

35
6,

90
7

2,
00

7,
54

4
45

6,
67

0
 C

ha
ng

e 
(%

)
– 

4.
56

%
– 

17
.7

2%
– 

24
.5

0%
– 

41
.2

6%
G

en
er

al
 fe

m
al

e 
ca

nc
er

 sc
re

en
-

in
g

88
08

3
 <

 0.
00

1
0.

03
6

 B
ef

or
e 

CO
V

ID
-1

9
1,

14
9,

36
7

1,
35

0,
43

8
81

4,
11

4
17

8,
50

3
 D

ur
in

g 
CO

V
ID

-1
9

1,
09

6,
95

2
1,

23
1,

16
5

69
9,

06
4

12
0,

65
7

 C
ha

ng
e 

(%
)

– 
4.

56
%

– 
8.

83
%

– 
14

.1
3%

– 
32

.4
1%

G
en

er
al

 h
ea

lth
 c

he
ck

up
62

70
2

 <
 0.

00
1

0.
05

1
 B

ef
or

e 
CO

V
ID

-1
9

64
6,

27
6

63
0,

48
0

29
8,

10
2

 D
ur

in
g 

CO
V

ID
-1

9
38

5,
58

8
32

4,
56

2
13

2,
83

8
 C

ha
ng

e 
(%

)
– 

40
.3

4%
– 

48
.5

2%
– 

55
.4

4%
C

ol
or

ec
ta

l c
an

ce
r s

cr
ee

ni
ng

 
sto

ol
 te

st
a

14
65

2
 <

 0.
00

1
0.

04
9

 B
ef

or
e 

CO
V

ID
-1

9
11

0,
35

5
19

8,
46

0
55

,5
37

 D
ur

in
g 

CO
V

ID
-1

9
65

,3
87

14
2,

68
2

31
,9

74
 C

ha
ng

e 
(%

)
– 

40
.7

5%
– 

28
.1

1%
– 

42
.4

3%
C

ol
or

ec
ta

l c
an

ce
r s

cr
ee

ni
ng

 
co

ns
ul

ta
tio

na
40

01
2

 <
 0.

00
1

0.
07

3

 B
ef

or
e 

CO
V

ID
-1

9
11

1,
97

9
19

2,
86

4
53

,9
73

 D
ur

in
g 

CO
V

ID
-1

9
14

6,
61

8
19

0,
88

4
48

,2
52

 C
ha

ng
e 

(%
)

 +
 30

.9
3%

– 
1.

03
%

– 
10

.6
0%

C
ol

on
os

co
py

50
5

1
 <

 0.
00

1
0.

08
0

 B
ef

or
e 

CO
V

ID
-1

9
40

,3
41

47
07

 D
ur

in
g 

CO
V

ID
-1

9
32

,4
81

20
60

 C
ha

ng
e 

(%
)

– 
19

.4
8%

– 
56

.2
4%

Sk
in

 c
an

ce
r s

cr
ee

ni
ng

16
29

2
 <

 0.
00

1
0.

03
0

 B
ef

or
e 

CO
V

ID
-1

9
45

0,
06

0
44

0,
90

8
18

6,
66

7
 D

ur
in

g 
CO

V
ID

-1
9

34
7,

03
7

32
2,

82
3

12
0,

88
9

 C
ha

ng
e 

(%
)

– 
22

.8
9%

– 
26

.7
8%

– 
35

.2
4%

M
am

m
og

ra
ph

y 
sc

re
en

in
ga

30
2

1
 <

 0.
00

1
0.

01
7

 B
ef

or
e 

CO
V

ID
-1

9
19

5,
27

6
34

1,
73

4
 D

ur
in

g 
CO

V
ID

-1
9

18
1,

11
2

29
5,

04
8



5364	 Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367

1 3

G
O

P
25

–3
9 

ye
ar

s
40

–5
9 

ye
ar

s
60

–7
9 

ye
ar

s
 >

 80
 y

ea
rs

χ2
df

p
V

 C
ha

ng
e 

(%
)

– 
7.

25
%

– 
13

.6
6%

a  D
at

a 
fro

m
 p

at
ie

nt
s ≥

 55
 y

ea
rs

A
pp

en
di

x 
5:

 C
om

pa
ri

so
n 

of
 m

al
e 

ut
ili

za
ti

on
 b

et
w

ee
n 

ag
e 

ca
te

go
ri

es
 b

ef
or

e 
an

d 
du

ri
ng

 C
O

V
ID

‑1
9

G
O

P
40

–5
9 

ye
ar

s
60

–7
9 

ye
ar

s
 >

 80
 y

ea
rs

χ2
df

p
V

To
ta

l s
cr

ee
ni

ng
s

34
35

2
 <

 0.
00

1
0.

02
3

 B
ef

or
e 

CO
V

ID
-1

9
1,

29
9,

34
1

1,
79

0,
32

7
56

7,
55

6
 D

ur
in

g 
CO

V
ID

-1
9

1,
03

0,
43

4
1,

38
5,

01
3

39
0,

46
9

 C
ha

ng
e 

(%
)

– 
20

.7
0%

– 
22

.6
4%

– 
31

.2
0%

G
en

er
al

 m
al

e 
ca

nc
er

 sc
re

en
in

ga
17

10
2

 <
 0.

00
1

0.
02

9
 B

ef
or

e 
CO

V
ID

-1
9

25
0,

98
3

56
5,

71
5

21
0,

65
7

 D
ur

in
g 

CO
V

ID
-1

9
24

9,
83

3
53

9,
28

8
17

6,
73

1
 C

ha
ng

e 
(%

)
– 

0.
46

%
– 

4.
67

%
– 

16
.1

0%
G

en
er

al
 h

ea
lth

 c
he

ck
up

57
45

2
 <

 0.
00

1
0.

05
5

 B
ef

or
e 

CO
V

ID
-1

9
55

9,
41

2
51

8,
68

5
15

8,
61

4
 D

ur
in

g 
CO

V
ID

-1
9

35
0,

24
0

27
1,

44
2

71
,7

96
 C

ha
ng

e 
(%

)
– 

37
.3

9%
– 

47
.6

7%
– 

54
.7

4%
C

ol
or

ec
ta

l c
an

ce
r s

cr
ee

ni
ng

 st
oo

l 
te

stb
43

6
2

 <
 0.

00
1

0.
03

4

 B
ef

or
e 

CO
V

ID
-1

9
46

,2
43

13
3,

92
2

38
,8

08
 D

ur
in

g 
CO

V
ID

-1
9

33
,3

34
96

,0
38

23
,0

63
 C

ha
ng

e 
(%

)
– 

27
.9

2%
– 

28
.2

9%
– 

40
.5

7%
C

ol
or

ec
ta

l c
an

ce
r s

cr
ee

ni
ng

 
co

ns
ul

ta
tio

nb
46

01
2

 <
 0.

00
1

0.
08

8

 B
ef

or
e 

CO
V

ID
-1

9
70

,0
07

17
1,

08
7

38
,9

43
 D

ur
in

g 
CO

V
ID

-1
9

10
2,

21
4

17
1,

57
1

36
,2

84
 C

ha
ng

e 
(%

)
 +

 46
.0

1%
 +

 0.
28

%
– 

6.
83

%
C

ol
on

os
co

py
38

4
1

 <
 0.

00
1

0.
07

3
 B

ef
or

e 
CO

V
ID

-1
9

36
,3

05
39

89
 D

ur
in

g 
CO

V
ID

-1
9

30
,4

66
19

12
 C

ha
ng

e 
(%

)
– 

16
.0

8%
– 

52
.0

6%
Sk

in
 c

an
ce

r s
cr

ee
ni

ng
67

4
2

 <
 0.

00
1

0.
02

1
 B

ef
or

e 
CO

V
ID

-1
9

37
2,

69
6

36
4,

61
3

11
6,

54
5



5365Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367	

1 3

G
O

P
40

–5
9 

ye
ar

s
60

–7
9 

ye
ar

s
 >

 80
 y

ea
rs

χ2
df

p
V

 D
ur

in
g 

CO
V

ID
-1

9
29

4,
81

3
27

6,
20

8
80

,6
83

 C
ha

ng
e 

(%
)

– 
20

.9
0%

– 
24

.2
5%

– 
30

.7
7%

a  D
at

a 
fro

m
 p

at
ie

nt
s ≥

 5
0 

ye
ar

s
b  D

at
a 

fro
m

 p
at

ie
nt

s ≥
 5

5 
ye

ar
s

Acknowledgements  We would like to express our sincere thanks to 
the WIdO and especially to Hanna Tillmanns and Hendrik Dräther for 
providing and preparing the data analyzed in our study.

Author contributions  All authors contributed to the study conception 
and design. Study protocol preparation, data collection and analysis 
were performed by JM and CS. Figures were prepared by CS. The first 
draft of the manuscript was written by JM with input of CS. All authors 
commented on previous versions of the manuscript. All authors read 
and approved the final manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. The authors declare that no funds, grants, or other support was 
received during the preparation of this manuscript.

Data availability  The data sets generated and analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations 

Conflict of interest  The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent to publish  Not applicable.

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

Alkatout I, Biebl M, Momenimovahed Z et al (2021) Has COVID-19 
affected cancer screening programs? A systematic review. Front 
Oncol. https://​doi.​org/​10.​3389/​fonc.​2021.​675038

AOK-Bundesverband (2022) Die AOKs. https://​aok-​bv.​de/​aok/​aoks/. 
Accessed 25 Aug 2022

Ärztezeitung (2020) Infektionsgefahr. Mammographie-Screening 
wegen Corona-Pandemie ausgesetzt. https://​www.​aerzt​ezeit​ung.​
de/​Polit​ik/​Mammo​graph​ie-​Scree​ning-​wegen-​Corona-​Pande​mie-​
ausge​setzt-​408072.​html. Accessed 25 Aug 2022

Bayindir EE, Schreyögg J (2022) Coronavirus Disease 2019, Univer-
sal Health Coverage, and Ambulatory Care in 2020. Med Care 
60:413–414. https://​doi.​org/​10.​1097/​MLR.​00000​00000​001721

Blumen H, Fitch K, Polkus V (2016) Comparison of treatment costs 
for breast cancer, by tumor stage and type of service. Am Health 
Drug Benefits 9:23–32

Burger EA, el Jansen E, Killen J et al (2021) Impact of COVID-19-re-
lated care disruptions on cervical cancer screening in the United 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fonc.2021.675038
https://aok-bv.de/aok/aoks/
https://www.aerztezeitung.de/Politik/Mammographie-Screening-wegen-Corona-Pandemie-ausgesetzt-408072.html
https://www.aerztezeitung.de/Politik/Mammographie-Screening-wegen-Corona-Pandemie-ausgesetzt-408072.html
https://www.aerztezeitung.de/Politik/Mammographie-Screening-wegen-Corona-Pandemie-ausgesetzt-408072.html
https://doi.org/10.1097/MLR.0000000000001721


5366	 Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367

1 3

States. J Med Screen 28:213–216. https://​doi.​org/​10.​1177/​09691​
41321​10010​97

Chen RC, Haynes K, Du S et al (2021) Association of cancer screening 
deficit in the United States With the COVID-19 pandemic. JAMA 
Oncol 7:878. https://​doi.​org/​10.​1001/​jamao​ncol.​2021.​0884

Czeisler MÉ, Marynak K, Clarke KEN et al (2020) Delay or avoidance 
of medical care because of COVID-19-related concerns—United 
States, June 2020. MMWR Morb Mortal Wkly Rep 69:1250–
1257. https://​doi.​org/​10.​15585/​mmwr.​mm693​6a4

Damerow S, Rommel A, Prütz F et al (2020) Developments in the 
health situation in Germany during the initial stage of the COVID-
19 pandemic for selected indicators of GEDA 2019/2020-EHIS. 
Journal of Health Monitoring 5:3–20. https://​doi.​org/​10.​25646/​
7172.2

Doubova SS, Leslie HH, Kruk ME et al (2021) Disruption in essen-
tial health services in Mexico during COVID-19: an interrupted 
time series analysis of health information system data. BMJ Glob 
Health 6:e006204. https://​doi.​org/​10.​1136/​bmjgh-​2021-​006204

Duffy SW, Seedat F, Kearins O et al (2022) The projected impact of 
the COVID-19 lockdown on breast cancer deaths in England 
due to the cessation of population screening: a national esti-
mation. Br J Cancer 126:1355–1361. https://​doi.​org/​10.​1038/​
s41416-​022-​01714-9

Dzau V, Fuster V, Frazer J, Snair M (2017) Investing in global health 
for our future. N Engl J Med 377:1292–1296. https://​doi.​org/​10.​
1056/​NEJMs​r1707​974

Figueroa JD, Gray E, Pashayan N et al (2021) The impact of the Covid-
19 pandemic on breast cancer early detection and screening. Prev 
Med (baltim) 151:106585. https://​doi.​org/​10.​1016/j.​ypmed.​2021.​
106585

Girbig G, Augustin M, Krensel M, Andrees V (2021) Gesetzliches 
Hautkrebsscreening in Deutschland. Hautarzt 72:953–962. https://​
doi.​org/​10.​1007/​s00105-​021-​04842-0

Hajek A, de Bock F, Kretzler B, König H-H (2021) Factors associated 
with postponed health checkups during the COVID-19 pandemic 
in Germany. Public Health 194:36–41. https://​doi.​org/​10.​1016/j.​
puhe.​2021.​02.​023

Jacob L, Loosen SH, Kalder M et al (2021) Impact of the COVID-19 
pandemic on cancer diagnoses in general and specialized practices 
in Germany. Cancers (basel) 13:408. https://​doi.​org/​10.​3390/​cance​
rs130​30408

Jacob L, Kalder M, Kostev K (2022) Decrease in the number of 
patients diagnosed with cancer during the COVID-19 pandemic 
in Germany. J Cancer Res Clin Oncol. https://​doi.​org/​10.​1007/​
s00432-​022-​03922-5

Jang S, Kim C-O (2020) Care Inequality among older adults during the 
COVID-19 pandemic. Ann Geriatr Med Res 24:229–231. https://​
doi.​org/​10.​4235/​agmr.​20.​0096

Kaltofen T, Hagemann F, Harbeck N et al (2022) Changes in gyneco-
logic and breast cancer diagnoses during the first wave of the 
COVID-19 pandemic: analysis from a tertiary academic gyneco-
oncological center in Germany. Arch Gynecol Obstet 305:713–
718. https://​doi.​org/​10.​1007/​s00404-​021-​06211-7

Kleemann J, Meissner M, Özistanbullu D et al (2022) Impact of the 
Covid-19 pandemic on melanoma and non-melanoma skin can-
cer inpatient treatment in Germany—a nationwide analysis. J Eur 
Acad Dermatol Venereol. https://​doi.​org/​10.​1111/​jdv.​18217

Knörr V, Dini L, Gunkel S et al (2022) Use of telemedicine in the out-
patient sector during the COVID-19 pandemic: a cross-sectional 
survey of German physicians. BMC Prim Care 23:92. https://​doi.​
org/​10.​1186/​s12875-​022-​01699-7

Kregting LM, Kaljouw S, de Jonge L et al (2021) Effects of cancer 
screening restart strategies after COVID-19 disruption. Br J Can-
cer 124:1516–1523. https://​doi.​org/​10.​1038/​s41416-​021-​01261-9

Kremer H-J, Thurner W (2020) Age dependence in COVID-19 mortal-
ity in Germany. Dtsch Arztebl Int. https://​doi.​org/​10.​3238/​arzte​
bl.​2020.​0432

Lantinga MA, Theunissen F, ter Borg PCJ et al (2021) Impact of the 
COVID-19 pandemic on gastrointestinal endoscopy in the Neth-
erlands: analysis of a prospective endoscopy database. Endoscopy 
53:166–170. https://​doi.​org/​10.​1055/a-​1272-​3788

Lazzerini M, Barbi E, Apicella A et al (2020) Delayed access or pro-
vision of care in Italy resulting from fear of COVID-19. Lancet 
Child Adolesc Health 4:e10–e11. https://​doi.​org/​10.​1016/​S2352-​
4642(20)​30108-5

Mantellini P, Battisti F, Armaroli P et al (2020) Oncological organized 
screening programmes in the COVID-19 era: an Italian survey on 
accrued delays, reboot velocity, and diagnostic delay estimates. 
Epidemiol Prev 44:344–352. https://​doi.​org/​10.​19191/​EP20.5-​6.​
S2.​136

Maringe C, Spicer J, Morris M et al (2020) The impact of the COVID-
19 pandemic on cancer deaths due to delays in diagnosis in Eng-
land, UK: a national, population-based, modelling study. Lancet 
Oncol 21:1023–1034. https://​doi.​org/​10.​1016/​S1470-​2045(20)​
30388-0

Mayo M, Potugari B, Bzeih R et al (2021) Cancer Screening during 
the COVID-19 pandemic: a systematic review and meta-analysis. 
Mayo Clin Proc Innov Qual Outcomes 5:1109–1117. https://​doi.​
org/​10.​1016/j.​mayoc​piqo.​2021.​10.​003

McBain RK, Cantor JH, Jena AB et al (2021) Decline and rebound 
in routine cancer screening rates during the COVID-19 pan-
demic. J Gen Intern Med 36:1829–1831. https://​doi.​org/​10.​1007/​
s11606-​021-​06660-5

Muschol J, Gissel C (2021) COVID-19 pandemic and waiting times 
in outpatient specialist care in Germany: an empirical analy-
sis. BMC Health Serv Res 21:1076. https://​doi.​org/​10.​1186/​
s12913-​021-​07094-9

Muschol J, Heinrich M, Heiss C et al (2022) Assessing telemedicine 
efficiency in follow-up care with video consultations for patients 
in orthopedic and trauma surgery in Germany: randomized con-
trolled trial. J Med Internet Res 24:e36996. https://​doi.​org/​10.​
2196/​36996

Pacheco J, Crispi F, Alfaro T et al (2021) Gender disparities in access 
to care for time-sensitive conditions during COVID-19 pandemic 
in Chile. BMC Public Health 21:1802. https://​doi.​org/​10.​1186/​
s12889-​021-​11838-x

Power K (2020) The COVID-19 pandemic has increased the care bur-
den of women and families. Sustain Sci Pract Policy 16:67–73. 
https://​doi.​org/​10.​1080/​15487​733.​2020.​17765​61

Price ST, Mainous AG, Rooks BJ (2022) Survey of cancer screen-
ing practices and telehealth services among primary care physi-
cians during the COVID-19 pandemic. Prev Med Rep 27:101769. 
https://​doi.​org/​10.​1016/j.​pmedr.​2022.​101769

Romero Starke K, Reissig D, Petereit-Haack G et al (2021) The isolated 
effect of age on the risk of COVID-19 severe outcomes: a sys-
tematic review with meta-analysis. BMJ Glob Health 6:e006434. 
https://​doi.​org/​10.​1136/​bmjgh-​2021-​006434

Saif-Ur-Rahman K, Mamun R, Eriksson E et al (2021) Discrimination 
against the elderly in health-care services: a systematic review. 
Psychogeriatrics 21:418–429. https://​doi.​org/​10.​1111/​psyg.​12670

Sangers TE, Nijsten T, Wakkee M (2021) Mobile health skin cancer 
risk assessment campaign using artificial intelligence on a pop-
ulation-wide scale: a retrospective cohort analysis. J Eur Acad 
Dermatol Venereol. https://​doi.​org/​10.​1111/​jdv.​17442

Schulz M, Tsiasioti C, Czwikla J et al (2020) Claims data analysis of 
medical specialist utilization among nursing home residents and 
community-dwelling older people. BMC Health Serv Res 20:690. 
https://​doi.​org/​10.​1186/​s12913-​020-​05548-0

https://doi.org/10.1177/09691413211001097
https://doi.org/10.1177/09691413211001097
https://doi.org/10.1001/jamaoncol.2021.0884
https://doi.org/10.15585/mmwr.mm6936a4
https://doi.org/10.25646/7172.2
https://doi.org/10.25646/7172.2
https://doi.org/10.1136/bmjgh-2021-006204
https://doi.org/10.1038/s41416-022-01714-9
https://doi.org/10.1038/s41416-022-01714-9
https://doi.org/10.1056/NEJMsr1707974
https://doi.org/10.1056/NEJMsr1707974
https://doi.org/10.1016/j.ypmed.2021.106585
https://doi.org/10.1016/j.ypmed.2021.106585
https://doi.org/10.1007/s00105-021-04842-0
https://doi.org/10.1007/s00105-021-04842-0
https://doi.org/10.1016/j.puhe.2021.02.023
https://doi.org/10.1016/j.puhe.2021.02.023
https://doi.org/10.3390/cancers13030408
https://doi.org/10.3390/cancers13030408
https://doi.org/10.1007/s00432-022-03922-5
https://doi.org/10.1007/s00432-022-03922-5
https://doi.org/10.4235/agmr.20.0096
https://doi.org/10.4235/agmr.20.0096
https://doi.org/10.1007/s00404-021-06211-7
https://doi.org/10.1111/jdv.18217
https://doi.org/10.1186/s12875-022-01699-7
https://doi.org/10.1186/s12875-022-01699-7
https://doi.org/10.1038/s41416-021-01261-9
https://doi.org/10.3238/arztebl.2020.0432
https://doi.org/10.3238/arztebl.2020.0432
https://doi.org/10.1055/a-1272-3788
https://doi.org/10.1016/S2352-4642(20)30108-5
https://doi.org/10.1016/S2352-4642(20)30108-5
https://doi.org/10.19191/EP20.5-6.S2.136
https://doi.org/10.19191/EP20.5-6.S2.136
https://doi.org/10.1016/S1470-2045(20)30388-0
https://doi.org/10.1016/S1470-2045(20)30388-0
https://doi.org/10.1016/j.mayocpiqo.2021.10.003
https://doi.org/10.1016/j.mayocpiqo.2021.10.003
https://doi.org/10.1007/s11606-021-06660-5
https://doi.org/10.1007/s11606-021-06660-5
https://doi.org/10.1186/s12913-021-07094-9
https://doi.org/10.1186/s12913-021-07094-9
https://doi.org/10.2196/36996
https://doi.org/10.2196/36996
https://doi.org/10.1186/s12889-021-11838-x
https://doi.org/10.1186/s12889-021-11838-x
https://doi.org/10.1080/15487733.2020.1776561
https://doi.org/10.1016/j.pmedr.2022.101769
https://doi.org/10.1136/bmjgh-2021-006434
https://doi.org/10.1111/psyg.12670
https://doi.org/10.1111/jdv.17442
https://doi.org/10.1186/s12913-020-05548-0


5367Journal of Cancer Research and Clinical Oncology (2023) 149:5345–5367	

1 3

Song H, Bergman A, Chen AT et al (2021) Disruptions in preventive 
care: mammograms during the COVID-19 pandemic. Health Serv 
Res 56:95–101. https://​doi.​org/​10.​1111/​1475-​6773.​13596

Swart E, Gothe H, Geyer S et al (2015) Gute Praxis Sekundärdatenana-
lyse (GPS): Leitlinien und Empfehlungen. Das Gesundheitswesen 
77:120–126. https://​doi.​org/​10.​1055/s-​0034-​13968​15

Swart E, Bitzer E, Gothe H et al (2016) STandardisierte BerichtsROu-
tine für Sekundärdaten Analysen (STROSA) – ein konsentierter 
Berichtsstandard für Deutschland, Version 2. Das Gesund-
heitswesen 78:e145–e160. https://​doi.​org/​10.​1055/s-​0042-​108647

Tillmanns H, Schillinger G, Dräther H (2021) Inanspruchnahme von 
Früherkennungsleistungen der gesetzlichen Krankenversicherung 
durch AOK- Versicherte im Erwachsenenalter: 2009 bis 2020

Trettel A, Eissing L, Augustin M (2018) Telemedicine in dermatol-
ogy: findings and experiences worldwide—a systematic literature 
review. J Eur Acad Dermatol Venereol 32:215–224. https://​doi.​
org/​10.​1111/​jdv.​14341

Wang R, Helf C, Tizek L et al (2020) The impact and consequences 
of SARS-CoV-2 pandemic on a Single University Dermatology 
Outpatient Clinic in Germany. Int J Environ Res Public Health 
17:6182. https://​doi.​org/​10.​3390/​ijerp​h1717​6182

World Economic Forum (2017) The Global Risks Report 2017, 12th 
Edition. https://​www3.​wefor​um.​org/​docs/​GRR17_​Report_​web.​
pdf. Accessed 25 Aug 2022

World Health Organization (2020) Pulse survey on continuity of essen-
tial health services during the COVID-19 pandemic: interim 
report, 27 August 2020. https://​hlh.​who.​int/​docs/​libra​riesp​rovid​

er4/​hlh-​docum​ents/​pulse-​survey-​on-​conti​nuity-​of-​essen​tial-​
health-​servi​ces-​during-​the-​covid-​19-​pande​mic---​inter​im-​report-​
27-​august-​2020.​pdf?​sfvrsn=​f6bb9​993_5. Accessed 25 Aug 2022

World Health Organization (2021) Noncommunicable diseases. https://​
www.​who.​int/​news-​room/​fact-​sheets/​detail/​nonco​mmuni​cable-​
disea​ses. Accessed 25 Aug 2022

World Health Organization. Regional Office for Europe (2010) Can-
cer—screening and early detection. https://​www.​who.​int/​europe/​
news-​room/​fact-​sheets/​item/​cancer-​scree​ning-​and-​early-​detec​tion-​
of-​cancer. Accessed 25 Aug 2022

World Health Organization. Regional Office for Europe (2020) Screen-
ing programmes: a short guide. Increase effectiveness, maximize 
benefits and minimize harm. https://​apps.​who.​int/​iris/​handle/​
10665/​330829. Accessed 25 Aug 2022

World Health Organization. Regional Office for Europe (2022) Coro-
navirus disease (COVID-19) pandemic. https://​www.​who.​int/​
europe/​emerg​encies/​situa​tions/​covid-​19. Accessed 25 Aug 2022

Yong JH, Mainprize JG, Yaffe MJ et al (2021) The impact of episodic 
screening interruption: COVID-19 and population-based cancer 
screening in Canada. J Med Screen 28:100–107. https://​doi.​org/​
10.​1177/​09691​41320​974711

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

https://doi.org/10.1111/1475-6773.13596
https://doi.org/10.1055/s-0034-1396815
https://doi.org/10.1055/s-0042-108647
https://doi.org/10.1111/jdv.14341
https://doi.org/10.1111/jdv.14341
https://doi.org/10.3390/ijerph17176182
https://www3.weforum.org/docs/GRR17_Report_web.pdf
https://www3.weforum.org/docs/GRR17_Report_web.pdf
https://hlh.who.int/docs/librariesprovider4/hlh-documents/pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic---interim-report-27-august-2020.pdf?sfvrsn=f6bb9993_5
https://hlh.who.int/docs/librariesprovider4/hlh-documents/pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic---interim-report-27-august-2020.pdf?sfvrsn=f6bb9993_5
https://hlh.who.int/docs/librariesprovider4/hlh-documents/pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic---interim-report-27-august-2020.pdf?sfvrsn=f6bb9993_5
https://hlh.who.int/docs/librariesprovider4/hlh-documents/pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic---interim-report-27-august-2020.pdf?sfvrsn=f6bb9993_5
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/europe/news-room/fact-sheets/item/cancer-screening-and-early-detection-of-cancer
https://www.who.int/europe/news-room/fact-sheets/item/cancer-screening-and-early-detection-of-cancer
https://www.who.int/europe/news-room/fact-sheets/item/cancer-screening-and-early-detection-of-cancer
https://apps.who.int/iris/handle/10665/330829
https://apps.who.int/iris/handle/10665/330829
https://www.who.int/europe/emergencies/situations/covid-19
https://www.who.int/europe/emergencies/situations/covid-19
https://doi.org/10.1177/0969141320974711
https://doi.org/10.1177/0969141320974711

	COVID-19 related decline in cancer screenings most pronounced for elderly patients and women in Germany: a claims data analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and data source
	Sample and population
	Legal basis and data protection
	Data processing, statistical analyses, and health economic analysis

	Results
	Total utilization
	Differences in utilization with regard to sex and age
	Health economic analysis

	Discussion
	Key findings
	Change in screening utilization
	Decline for women and the elderly
	Impact on policy and practice
	Economic effects
	Practical implications
	Limitations

	Conclusion
	Appendix 1
	Appendix 2: Comparison of monthly utilization by women before and during COVID-19
	Appendix 3: Comparison of monthly utilization by men before and during COVID-19
	Appendix 4: Comparison of female utilization between age categories before and during COVID-19
	Appendix 5: Comparison of male utilization between age categories before and during COVID-19
	Acknowledgements 
	References




