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Linked survey and statutory 
health insurance data evaluating 
healthcare utilization patterns and 
associated factors of persons with 
diabetes in Germany – latent class 
analysis
Ute Linnenkamp1,2,3,4,7, Inga Deininghaus2,7, Veronika Gontscharuk1,2,3, Silke Andrich1,2,3, 
Manuela Brüne1,2,3, Nadezda Chernyak1,2,3, Johannes Kruse5, Mickaël Hiligsmann4, 
Barbara Hoffmann6 & Andrea Icks1,2,3

Persons with diabetes mellitus have complex healthcare needs. Existing disease management 
programmes (DMPs) are based on a one-size-fits-all approach. However, individuals might require 
more individualised care. This study aims to identify groups with different patterns of healthcare 
utilization among people with diabetes in Germany and factors associated with these different 
patterns. A cross-sectional survey was conducted among a random sample from a statutory health 
insurance (SHI) with diabetes (n = 1332) and linked to longitudinal SHI data. Latent class analysis was 
used to identify subgroups with similar patterns of healthcare utilization and factors associated with 
different patterns. Four patterns of healthcare utilization were identified among people with diabetes: 
‘low users’ (20.8% of the total sample); ‘low users with ophthalmologist visit’ (45.2%); ‘high users’ 
(26.5%); and ‘high users with mental health care’ (7.5%). The classes differed significantly in age, sex, 
type, duration and severity of diabetes, DMP membership, diabetes training, health-related quality 
of life, and prevalence of depression. The ‘high users with mental health care’ class was for example 
younger, more female, had a lower quality of life and the highest prevalence of depression. This study 
may provide a first basis for thinking about targeted care in Germany beyond DMPs.

As diabetes mellitus prevalence increases worldwide1, accompanying comorbidities reduce persons’ life 
expectancy and health-related quality of life (HRQL). As a result, health expenditures due to diabetes are rising2. 
Furthermore, persons with diabetes utilize most healthcare services more often than the general population3–6.

Within Germany, provision of care takes place in a universal multi-payer healthcare system paid for by a 
combination of statutory health insurance (SHI) and private health insurance. Since 2009, health insurance is 
compulsory for the whole population in Germany. The majority of the population (around 85%) is insured with 
a SHI7. The reimbursement for outpatient care by the SHI is a uniform fee schedule and negotiated between 
SHIs and regional associations of physicians and is used to reimburse general practitioners and specialists under 
SHI. As part of the SHI contract, ambulatory physicians are required to join these regional associations, which 
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act as financial intermediaries between physicians and statutory health insurance providers. The associations 
receive monies from statutory health insurance providers in the form of annual capitations. The physicians then 
bill the associations according to the SHI fee schedule. Physician payments are limited to predefined quarterly 
maximums for the number of patients and treatment points per patient that can be reimbursed. Physicians 
who exceed quarterly thresholds are paid considerably less for additional services. Once physicians reach the 
thresholds, they may postpone non-urgent patient visits, which may result in longer appointment wait times. 
Inpatient care is paid per admission through a system of diagnosis-related groups (DRGs), which are revised 
annually7. Disease management programmes (DMPs) have been implemented in the German healthcare system 
since 2002 to improve the quality and efficiency of chronic disease care8. In Germany, DMPs are offered to all 
patients and are centred around a certain disease, assuming one size fits all. However, it is discussed if patients 
would benefit from more individualized care approaches and if a shift should be made from a disease-centred 
approach to a more person-centred approach9. Identifying specific target-groups to optimize diabetes care 
might improve diabetes-related health outcomes, reduce comorbidities, and in the long run reduce associated 
costs. It is therefore crucial to understand both differences in patterns of healthcare utilization and factors 
that contribute to these differences. Identifying possible target groups is the first step in developing target 
group specific interventions. One possibility of identifying these target groups is population segmentation10: 
Segmentation is grouping people based on, for example, how often they use certain health services. This might 
for example help to identify those who frequently utilize services and to provide them with proactive care to 
effectively manage their conditions and avoid for example unnecessary hospital admissions. On the other hand, 
this gives also the opportunity to identify individuals who utilize healthcare services infrequently and engage 
them with preventive strategies if necessary to diagnose issues at an early stage. By focusing on the optimal 
level of intervention for each group, healthcare systems might enhance outcomes, reduce costs, and create a 
more efficient and patient-centered approach to the management of chronic diseases. A possible approach 
for grouping a population is latent class analysis (LCA). LCA identifies the presence of qualitative different 
subgroups (i.e., latent classes) within a heterogeneous population and can be seen as a parametrical alternative 
to cluster methods for multivariate categorical data. Individuals within the same class are similar with respect to 
observed variables while individuals in different classes differ considerably. LCA results in estimates of two types 
of parameters: (i) latent class membership probabilities and (ii) item-response probabilities on each observed 
variable in each latent class. Moreover, LCA estimates individual posterior probabilities to belong to each latent 
class based on the observed variables. LCA with covariates extends the LCA model by relating the probability of 
class membership to a set of predictors. For more information see, e.g. Collins and Lanza (2009)11.

So far, only few studies have used LCA to analyse healthcare utilization profiles. Two Dutch studies found 
distinct different profiles of utilization among persons with diabetes. Profiles were for example associated with 
persons’ age or number of comorbidities12,13. Similarly, an analysis in Singapore has investigated patterns of 
healthcare utilization, diabetes-related complications, and 4-year all-cause mortality from 2013 to 2016 among 
71,125 patients with type 2 diabetes mellitus14. They found five distinct classes of healthcare use with two classes 
who might have a need to be screened for comorbid psychiatric disorders such as depression.

These differences in utilization patterns are related to a number of associated factors, both of a clinical and 
of a socio-demographic nature12–14. Healthcare utilization can be well derived from statutory health insurance 
(SHI) data. Using SHI data to assess healthcare utilization especially for longer observation periods (> 3 month) 
seems to be more reliable than self-reported data15,16. However, most socio-demographic variables are not 
included in SHI data (e.g. duration of education). To have a more holistic approach when analysing associated 
factors, it is thus necessary to individually link data sources that include information on both clinical but also 
sociodemographic variables. The aims of this study were to identify (i) patterns of healthcare utilization and (ii) 
factors associated with these different patterns of healthcare utilization in a group of persons with diabetes from 
a German SHI by linking survey data with SHI data on an individual level.

Methods
Study design and population
Within the DiaDec Study: “Quality of life, adverse outcomes, healthcare utilization, and costs in patients with 
diabetes: the role of depression” we conducted a cross-sectional postal survey in 2013 among randomly selected 
individuals with diabetes insured with the pronova Betriebskrankenkassen (BKK) and later linked the data on 
an individual level to longitudinal SHI data of the persons who provided written informed consent for the 
linkage. In 2013, 636.451 individuals were insured by pronova BKK which is a nationwide SHI. Compared to 
other SHIs the pronova BKK insures rather younger persons17. SHI data was available for 9 quarters in total (four 
quarters before the survey quarter, the survey quarter and four quarters following the survey quarter). The SHI 
identified all insured persons with diabetes in February 2013, using data from the year 2011, the most recent year 
with complete information available. Diabetes was identified either as: (i) a regular documentation of a diabetes 
diagnosis (ICD-10 E10-E14) in three of four quarters; (ii) at least two prescriptions of antihyperglycemic 
medication (Anatomical Therapeutic Chemical (ATC) code A10) within 2011; or (iii) a single A10 prescription 
combined with a diabetes diagnosis or a single A10 – prescription combined with either blood glucose or HbA1c 
measurement in the same quarter18,19.

In total 1,860 persons sent back their questionnaire and gave informed consent to use their SHI data 
(response rate: 51%). Responders and non-responders differed in age and sex, with older persons being more 
likely to respond than younger persons and females being less likely to respond than males. However, we found 
no difference between responders and non-responders with respect to a history of depression diagnosis20. 
We excluded (i) responders who had an insurance period of less than 1065 days (which corresponds to the 
entire observation period including tolerable insurance gaps) (n = 201), e.g., because the person switched 
health insurance during that time, and (ii) persons who did not know their type of diabetes or did not provide 
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information on their type of diabetes (n = 118). We (iii) excluded persons who provided incomplete information 
in the questionnaire for any of the associated factors (n = 209). Ethical approval was obtained from the ethics 
committee of the Heinrich Heine University Düsseldorf and the research has been performed in accordance 
with the Declaration of Helsinki.

Measurement of healthcare utilization
The variables of healthcare utilization referred to the period of four quarters after the survey and were taken from 
SHI data. The SHI data comprised details of outpatient treatment, including recorded diagnoses and services 
accounted for, as well as data on inpatient care, including both diagnoses recorded and services charged, and 
length of hospital stay. Additionally, the dataset contained information on prescriptions dispensed at pharmacies, 
as well as information on therapeutic appliances and medical aids. We assessed general practitioner (GP) visits, 
visits at specialized outpatient services (cardiology, neurology, nephrology, ophthalmology, specialists dealing 
with mental illnesses), emergency care and hospital admissions. As in LCA measurable variables should be 
categorical with two or more categories per variable21 we categorized the healthcare utilization variables as 
follows:

The number of annual GP contacts for patients with diabetes in the literature is varying largely: E.g. in the 
CODE-2 study, the average number of contacts ranged from 20 to 3422, while the KoDim study found that 
patients over the age of 60 had an average of 12 contacts19,23. Data from the AOK and the Barmer for the general 
population yielded an average of seven to ten GP consultations per year, respectively24,25. We thus decided to 
take a data-based approach: Within our sample we found a mean number of 13 visits to the GP and a median of 
15 visits and thus decided for the cut-off of 14 visits. We thus classified the number of GP visits in frequent (> 14 
visits/year) and infrequent (≤ 14 visits/year).

Utilization of emergency care services, specialists’ consultations (i.e., cardiology, mental health) and 
hospital admissions were dichotomized as yes/no with ≥ 1 visits/year referring to yes. Visits to the neurologist 
and nephrologist were rather low in our sample even though both specializations are relevant to patients with 
diabetes. We combined visits to these specializations into one variable, which was then dichotomized as yes/
no. In accordance with the DMP recommendations, patients with an elevated risk profile are required to visit 
an ophthalmologist at regular intervals, with the frequency depending on the specific risk profile. This may 
range from a visit every two years to a visit annually, or even more frequently, depending on the individual 
circumstances. Thus, we categorized visits to the ophthalmologist as: 0 visits/year, 1 visit/year, ≥ 2 visits/year.

Measurement of associated factors
Based on the literature, we selected factors which might be associated with healthcare utilization among patients 
with diabetes and defined the following three thematic groups of variables:

 i. Sociodemographic factors19,23,26–32 Socio-demographic factors as age, sex, employment status (yes/no), hav-
ing a partner (yes/no), country of birth (Germany/other) and education were assessed in the survey. Educa-
tion was measured using the International Standard Classification of Education (ISCED) and respondents 
were categorized according to years of education (10 years or less, 11–13 years, 14 years or more).

 ii. Diabetes-related factors33–35 We assessed the type of diabetes (type 1, type 2) and duration since diagnosis 
of diabetes (< 10 years, ≥ 10 years) within the survey. Involvement in a DMP for diabetes, participation in 
diabetes training and the adapted Diabetes Complications Severity Index (aDCSI) were retrieved from SHI 
data during the survey quarter and the four quarters before. The aDCSI is based on the following diabe-
tes-associated comorbidities36 : Retinopathy, Nephropathy, Neuropathy, Cerebrovascular diseases, cardio-
vascular diseases, Peripheral arterial occlusive disease and metabolic complications. The comorbidities are 
identified using ICD-10 codes which have been recorded in the SHI data. The severity of the comorbid dis-
eases is rated with one or two points based on the severity. An exception to this is diabetic polyneuropathy, 
which can only be rated with one point. Thus, in total the aDCSI can have a value between 0 and 13.

 iii. Health related Quality of life (HRQL) and depression28,37 HRQL was examined by the Short Form-12 Health 
Survey (SF-12), a multipurpose generic measure of health status38. The SF-12 has a Physical Component 
Summary (PCS) and a Mental Component Summary (MCS). Each can have values between 0 and 100. The 
higher the value, the better the reported quality of life. Depression was assessed by retrieving diagnoses from 
the SHI data. An ICD-10 code for the diagnosis of unipolar depression (F32.0–F32.9 (Depressive episode), 
F33.0–F33.9 (Recurrent depressive disorder), F34.1 (Dysthymia), F38.1 (Other recurrent mood [affective] 
disorders) and F41.2 (Mixed anxiety and depressive disorder)) during the survey quarter and/or during the 
four quarters before the survey quarter was required in either inpatient or outpatient data. The diagnosis 
needed to be coded as confirmed (ICD-10 code with suffix g-gesichert for confirmed diagnoses) to be con-
sidered.

Statistical analysis
Descriptive statistics are provided as frequencies and percentages or mean values and standard deviations 
depending on the nature of variables. All quantitative analyses were performed with SAS software, V.9.4 (SAS 
Institute Inc., Cary, NC, USA) using the package PROC LCA for the LCA analysis.

As a person-centered approach, LCA divides populations into classes, with individuals within a class being 
relatively homogeneous, yet distinct from those within other classes39. According to Nylund40, our sample size is 
large enough (i.e., N > 1000) to adequately fit an LCA model. The first step is to determine the optimal number 
of classes. To select a suitable model, we included the study population with complete SHI data irrespective 
of missing values in the covariates assessed in the survey (n = 1659) as it is crucial to include as many people 
as possible to determine the optimal number of classes41. Bayesian information criterion (BIC) and adjusted 
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Bayesian information criterion (aBIC) indicate a better fit when their values are lower. High separation of classes 
is indicated by a (relative) entropy close to one. In order to assess the overall model fit, we used a likelihood ratio 
chi-square test, with a significant test indicating poor data adaptation. The choice of the final number of classes 
was based on model fit indicators in compliance with a non-significant (at level 5%) likelihood ratio chi-square 
test as well as interpretability of the latent classes. Afterwards the LCA with the final number of latent classes 
was performed with all covariates simultaneously to describe classes and to analyze the factors associated with 
the identified classes.

Results
Description of the study population
Table 1 describes the 1332 participants included in the final analysis (i.e., LCA with covariates) and their 
characteristics. The mean age was 67  years and the majority were men (63%). Half of the population had 
diabetes for less than 10 years, and the majority had type 2 diabetes mellitus (91%) and was enrolled in a DMP 
(84%). Almost every sixth person had a diagnosis of depression. Almost one third of our study population 
was hospitalized at least once during the observation period. One in seven took up services from the mental 
health sector at least once a year. Only one in five persons visited the cardiologist during the observation period 
and only one in nine the Nephro- or Neurologist. Around one third of the study population did not visit the 
ophthalmologist, one third went once during the observation period, and one third went more than once.

Groups with different patterns of healthcare utilization
The model with two classes had the lowest information criteria (AIC = Akaike information criterion 
BIC = Bayesian information criterion, CAIC = Consistent Akaike information criterion, aBIC = Sample size 
adjusted BIC). Differences between models were small (refer to Online Appendix Table 1). Only in the model 

Study sample

Characteristics n (%)/(M ± SD)

Sample size (%) 1332 (100)

Age (years) 66.7 ± 10.1

Sex (female) 491 (36.9)

Years of education

 ≥ 14 years 298 (22.4)

 11–13 years 767 (57.6)

 ≤ 10 years 267 (20.0)

Country of birth (Germany) 1,185 (89.0)

Partner (yes) 1,068 (80.2)

Employment (yes) 358 (26.9)

Type of diabetes (type 2) 1,211 (90.9)

Diabetes duration (≥ 10 years) 670 (50.3)

aDCSI 2.5 ± 2.0

DMP Member (yes) 1,121 (84.2)

Diabetes training (yes) 189 (14.2)

PCS12 41.8 ± 10.9

MCS12 50.3 ± 10.5

Depression (yes) 234 (17.6)

GP visits (> 14) 573 (43.0)

Emergency care (≥ 1) 173 (13.0)

Hospitalization (≥ 1) 393 (29.5)

Cardiologist visits (≥ 1) 298 (22.4)

Nephro-/Neurologist visit 
(≥ 1) 147 (11.0)

Ophthalmologist visits

 0 395 (29.7)

 1 490 (36.8)

 ≥ 2 447 (33.6)

Mental health sector visits 
(≥ 1) 181(13.6)

Table 1. Participants’ characteristics and characteristics of classes. M, mean; SD, standard deviations; aDCSI, 
adjusted diabetes severity index; DMP, disease management program; GP, general practitioner; PCS12, physical 
component summary score of the short form-12 health survey; MCS12, mental component summary score of 
the short form-12 health survey.
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with four classes was the likelihood ratio chi-square test (as a goodness-of-fit test) not significant at the 5% 
level, indicating that the models with one to three classes do not represent our data well. Entropy was largest in 
the model with four classes. Furthermore, we compared the different LCA models including covariates and the 
model with four classes was the most meaningful model. The identified classes represent four different profiles of 
healthcare utilization among people with diabetes as shown in Fig. 1 and Online Appendix Table 3:

 1. Low probability of healthcare utilization (low users): Persons in class one had in general a low probability of 
healthcare utilization, with infrequent visits to healthcare providers other than their GP. We estimated that 
only 6%-14% sought health services beyond contacting their GP. Further we estimated, that over 80% of this 
group had ≤ 14 consultations with their GP during the observation period (refer to Online Appendix Table 
3).

 2. Low probability of healthcare utilization but high probability to visit the ophthalmologist (low users with oph-
thalmologist visits): Persons in class two had a low probability of utilising healthcare in general, similar to 
persons in class one. We estimated i.e. only 5–13% of persons in that class utilized other health services than 
their GP or ophthalmologist. However, we found that almost all persons in that group consulted an ophthal-
mologist at least once (97%), with around 40% consulting the ophthalmologist two or more times. Addition-
ally, we found that 70% of persons in class two had ≤ 14 consultations with their GP during the observation 
period.

Fig. 1. Probability of healthcare utilization among the different classes.
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 3. Highest probability of healthcare utilization except for visits to the ophthalmologist or mental health sector (high 
users): The probability of using health services was high among persons in class three. They had the highest 
probability of visiting a cardiologist (44%) or nephrologist/neurologist (24%), using emergency care (22%) 
and being admitted to hospital (63%) during the observation period. Moreover, we estimated, that 80% of 
persons in this group consulted their GP more than 14 times.

 4. High probability of healthcare utilization and highest probability of utilizations from the mental health sector 
(high users with mental health care): Persons in class four had a high probability of healthcare utilization, 
comparable to persons in class three. Additionally, they demonstrated the highest probability seeking treat-
ment form mental health specialist (estimates almost 100%). The probability of emergency care utilization 
was around 20% in this group and hospitalization probability during the observation periods exceeded 50%. 
Yet, only 53% of this group consulted their GP more than 14 times.

Factors associated with the different utilization patterns
The characteristics of participants assigned to the different classes can be found in Online Appendix Table 2. We 
found that age, sex, type of diabetes, diabetes duration, aDCSI, DMP membership, diabetes training, PCS12, 
MCS12 and depression differ between at least two of the four classes of healthcare utilization (Tables 2 and 3). The 
covariates ‘years of education’ ‘country of birth’, ‘partner’, and ‘employment’ showed no significant associations.

Class one, consisted of rather younger study participants who were significantly less likely to be members of 
a DMP compared to class two and three. Fewer persons in class one attended diabetes training compared to class 
three (OR 0.61, 95%-CI [0.39; 0.93]). Additionally, persons diagnosed with diabetes for less than 10 years were 
significantly more likely to be in class one compared to class two and three. The chance of study participants with 
lower aDCSI to belong to class one was significantly higher than for other classes.

Class two included persons who had a significantly longer duration of diabetes compared to persons from the 
classes one and four (OR 1.56, 95-CI [1.22; 1.98], and 1.64, 95%-CI [1.11; 2.43], respectively). In addition, class 
two included persons who had a higher probability of being enrolled in a DMP compared to those in class one 
(OR 1.94, 95%-CI [1.45; 2.58]). Additionally, class two included more persons with lower rates of depression and 
a better quality of life than those in class four. Moreover, class two included persons with a significantly lower 
aDCSI than classes three and four.

Compared to the other classes, class three was comprised of older persons who had been diagnosed with 
diabetes for a longer period of time than those in classes one and four. Additionally, the chance to belong to class 
three was significantly higher for people with a high aDCSI compared to the other classes, and they also reported 
a lower quality of life according to the PCS12 than class one and class two. Class three included a significantly 
higher proportion of persons diagnosed with depression than class two.

Class four had the highest proportion of females. Class four less persons with a diabetes duration of more 
than 10 years and a lower age compared to persons in classes two and three. Nevertheless, class four included 
persons with a significantly higher aDCSI compared to class one or two (OR 1.37, 95%-CI [1.21; 1.55] and 1.17, 
95%-CI [1.04; 1.30]). Class four included persons with a significantly lower quality of life than class one and two, 
moreover class four had a significantly higher proportion of persons diagnosed with depression than the other 
classes (OR 6.29, 95%-CI [3.85; 10.29]; 6.40, 95%-CI [4.18; 9.79]; 4.17, 95%-CI [2.68; 6.48]).

Discussion
To our knowledge, this study is one of the few that evaluates patterns of healthcare utilization among persons 
with diabetes and the first one carried out on a German sample. We identified four classes of healthcare 
utilization among persons with diabetes: two classes with low utilization patterns (‘low users’ and ‘low users with 
ophthalmologist visits’) and two classes with high utilization patterns (‘high users’ and ‘high users with mental 
health care’).

There were significant differences between the classes in their utilization of inpatient stays, emergency care, 
and visits to the cardiologist, ophthalmologist and the mental health sector. However, regarding associated 
factors, we could not find well defined groups of ‘typical person’.

Looking at utilization patterns, class one had a similar utilization pattern as class two except those participants 
in class two consulted an ophthalmologist at least once in the observation period. There were many differences 
concerning associated factors between the two classes. Persons in class one were generally younger, had a 
shorter duration of diabetes, a lower aDCSI, and were less likely to be a member of a DMP when compared 
to class two. Notably, in spite of different associated factors, including well-known risk factors such as age and 
duration of disease, the utilization patterns of class one and two were very similar. These results demonstrate that 
healthcare utilization can remain consistent even after many years of diabetes, resembling that of a person with 
a shorter duration of diabetes. A potential explanation might be that persons in class two were more adherent 
to their diabetes treatment (as demonstrated, for example, by participation in the DMP and regular visits to the 
ophthalmologist) and had despite a longer duration of diabetes less complications. The participation in a DMP 
could encourage regular checks of the eyes among that class.

When comparing class two and three we saw significant differences in the utilization behaviour. Class three 
had the highest utilization among study participants, except for visits to the ophthalmologist or mental health 
sector. When looking at associated factors however, members from class two and members from class three 
are most similar. They only differ significantly in three associated factors: depression, aDCSI and PCS12. There 
are no significant differences in socioeconomic factors, diabetes-related factors (despite aDCSI), probability of 
DMP membership, or participation in diabetes training. Although age and duration of diabetes do not differ 
significantly between classes two and three, their management of the disease appears to differ to some extent 
as reflected by the different utilization patterns., Significant differences in their diabetes complications (aDCSI) 
which might also lead to a better HRQL (PCS12) in class two, may explain the observed differences in the 
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management of the disease. Noteworthy, the prevalence of depression is more than 50% higher in class three 
compared to class two. This might further explain the different patterns of utilization observed.

Classes three and four, the two classes with high utilization patterns had a very similar utilization pattern 
except that among class four 99% used services from the mental health sector and in class three only about 10%. 
Both classes had the highest prevalence of depression among the classes (20.8% and 73.3% respectively). This 
indicates that the presence of a diagnosed depression is also associated with an increased utilization of health 
services. This is in line with findings from several studies that found, that persons with diabetes and depression 
have higher healthcare utilization, including outpatient visits and hospital admission42–44. One possible 
explanation for these findings might be, that depression is associated with poor health behaviour and more 
comorbidities. Successful diabetes therapy may require attention to mental health. It may be worth considering 
to include the relevant services in the DMP. At the same time, it is important to note, that 60% of persons with 
a diagnosed depression are not in class four, even though this class had the highest prevalence of depression. 
One possible explanation could be, that class four represents the utilization behaviour of a group of persons with 
diagnosed depression that have a more severe form.

It is noteworthy that the covariates ‘years of education’, ‘country of birth’, ‘partner’, and ‘employment’ (all 
representing to some extend socioeconomic status (SES) of a person) showed no significant associations to class 
membership as it seems reasonable to assume that SES is likely to influence patterns of healthcare utilization. 
However, a paper by Baumert et al. (2021) addressing self-rated quality of care among persons with diabetes also 
found no significant differences in the self-rated quality of care between educational levels45. Similarly, findings 
of a study carried out with data from the AOK Niedersachsen, indicate that there are no statistically significant 
differences in the prevalence or progression over time of T2D comorbidities between different SES groups in 
Germany. No influence of SES on these aspects was observed in either cross-sectional or longitudinal analyses46.

Few previous studies have used a similar statistical method to evaluate healthcare utilization patterns of 
persons with diabetes12–14. Seng et al. (2020) classified persons with type 2 diabetes mellitus in Singapore 
according to socioeconomic and clinical characteristics using LCA and then compared healthcare utilization 
and the incidence of diabetes-related complications among these classes14. Similar to our results they identified 
two classes with a high prevalence of depression of which one consisted of young females. They also identified 
one class with a low overall healthcare use who were younger and had a shorter duration of diabetes which is in 
line with class one “low users” we identified.

El Fakiri et al. (2003) evaluated patterns of healthcare utilization among Dutch patients with diabetes13. 
They found two classes with high utilization patterns and two classes with low utilization patterns, which is 
consistent with our results. However, El Fakiri et al. only included services that were consulted by 10–90% of 
patients in their analysis to assess healthcare utilization. According to El Fakiri et al. comorbidities are related 
to class membership with high healthcare utilization. Our sample had the highest aDCSI score in the high user 
class which supports the Dutch findings. Similarly, El Fakiri et al. found an association between poor health 
perception and high healthcare utilization. In both the “high users” and "high users with mental healthcare", 
HRQL was lowest for our sample.

Van Dijk et al.12 conducted two LCAs to compare diabetes-related primary healthcare use with total primary 
healthcare use among patients registered in Dutch GP practices. They found that low diabetes-associated 
GP utilization correlated with low overall GP utilization, while high overall utilization did not necessarily 
correspond with high diabetes-associated GP utilization. Van Dijk et al. suggested that the Dutch DMP for 
diabetes, which focuses on diabetes specific care, might be limited in meeting the diverse needs of patients with 
multiple morbidities, which are common among persons with diabetes. Our findings indicate that primary care 
utilization alone may not be an adequate representation of healthcare utilization for persons with diabetes, as 
the largest disparities were found in inpatient visits, emergency care, mental health utilization, and visits to the 
ophthalmologist and cardiologist.

Selected characteristics

Typical person in….

Class 1-Low users Class 2-low users with ophthalmologist visits Class 3-high users Class 4-high users with mental healthcare

Age (years) Younger Older Older Younger

Sex (female) Male Female Male Female

Type of diabetes Less than 90% T2DM More than 90% T2DM More than 90% T2DM Less than 90% T2DM

Diabetes duration Shorter duration Longer duration Longer duration Shoter duration

aDCSI# Low Low High High

DMP Member Less More More Less

Diabetes training Less More More Less

PCS12* High High Low Low

MCS12* High High Low Low

Depression No No Yes Yes

Table 3. Description of class characteristics compared to the other classes. Significant results (Table 2) are 
marked in italics; the results were extracted from the LCA main analysis (Table 2 and Online Appendix Table 
2). #low aDCSI referring to a low severity of diabetes complications. *high PCS12 or MCS12 referring to high 
self-reported quality of life.
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Strengths and limitations
A major strength of our study was the individual linkage of survey data with SHI data. This allows a more 
detailed description of the identified classes with different healthcare patterns which would not be possible 
using SHI data only. The data set used for analysis is rather large, allowing for robust estimates including a total 
of nine quarters. The identification of associated factors is based on the first five quarters, variables of healthcare 
utilization are based on the following four quarters. Thus, one strength of the study was the longitudinal study 
design. Moreover, the response rate was reasonably high for a survey-based study (51.0%)20.

Furthermore, we were able to include a variety of different health services including but not limited to 
hospital admissions, emergency care and the mental health sector and are thus able to provide a wider insight 
into healthcare utilization patterns. Other studies have mainly focused on one sector of the health system (e.g. 
outpatient visits or primary care).

One limitation of our study is, that the SHI data used to generate some of the study variables originate from a 
single SHI provider. As a result, socio-demographic parameters of the study population, for example, may not be 
transferable to the overall population of Germany. Hoffmann and Icks (2012) could show that persons insured 
with any of the Betriebskrankenkassen (BKK) in the Bertelsmann survey were for example younger compared to 
persons insured with other health insurance providers and more women were insured with any BKK compared 
to other insurance providers17. The authors could further show, that the prevalence of diabetes varies among 
the different SHIs in Germany with persons insured with any of the BKK SHIs having a lower prevalence of 
diabetes compared to the whole population studied17. Additionally, we only considered individual factors that 
might influence healthcare utilization but not factors that might be related to the healthcare system. We could 
for example not assess whether the patient had to wait very long for an appointment with an ophthalmologist, 
if there were no appointments available within a decent distance or if the GP did not refer the patient to the 
ophthalmologist. Further, the definition of the aDSCI is based on diagnosis codes registered within the SHI 
for documentation and accounting purposes. We can thus not fully rule out a false classification of a disease. 
Another limitation is, that we could not differentiate which type of diabetes a person had based on SHI data, 
as we assume a relevant proportion of miscoding within the data with respect to the specific type of diabetes47. 
Lastly, we can only assess actual utilization but this does not indicate whether it is appropriate or not. There 
might be low users with well-managed diabetes who do not utilize healthcare frequently, as well as low users 
who are not concerned about their disease and thus have a low utilization pattern. High users may be people 
who adhere to all recommendations and are therefore well adjusted, or they may have complications due to 
inadequate adjustment and thus have a high utilization.

Conclusion
Four distinct classes of persons with diabetes were identified based on their healthcare utilization patterns. 
The classes differed significantly in their utilization of inpatient stays, emergency care, and visits to the 
ophthalmologist, cardiologists and mental health sector. Based on classes three and four, we show that the 
existence of a diagnosis of depression and poor quality of life is associated with high utilization of health services, 
regardless of classical risk factors such as age or duration of illness. However, persons who utilize less health 
services are not necessarily healthier and might cause higher costs in a later stage of their disease. We have shown 
that the healthcare utilization within our sample of persons is rather heterogenous with two groups of high 
users. Understanding the diverse factors and unique profiles within this group is essential for tailoring effective 
healthcare strategies and optimizing resource allocation to address the complex needs of high healthcare users. 
These findings may provide a first basis for considering more targeted care beyond DMPs and for paving the way 
for a less rigid approach in the management of chronic diseases. The present results suggest that accounting for 
comorbid depression could be a step along the way. One approach could be considering to include the relevant 
services in the DMPs for diabetes.

Data availability
The data that support the findings of this study is not publicly available. Data can be shown by the corresponding 
authors at the Institute upon reasonable request.
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