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is identifed with depression? A Population-
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Silvia M. A. A. Evers3,9, Mickaël Hiligsmann3, Barbara Hofmann10, Andrea Icks1,2,4 and Silke Andrich1,2,4 

Abstract 
Aims Several instruments are used to identify depression among patients with diabetes and have been compared 
for their test criteria, but, not for the overlaps and diferences, for example, in the sociodemographic and clinical 
characteristics of the individuals identifed with diferent instruments. 

Methods We conducted a cross-sectional survey among a random sample of a statutory health insurance (SHI) 
(n = 1,579) with diabetes and linked it with longitudinal SHI data. Depression symptoms were identifed using either 
the Centre for Epidemiological Studies Depression (CES-D) scale or the Patient Health Questionnaire-9 (PHQ-9), and a 
depressive disorder was identifed with a diagnosis in SHI data, resulting in 8 possible groups. Groups were compared 
using a multinomial logistic model. 

Results In total 33·0% of our analysis sample were identifed with depression by at least one method. 5·0% were 
identifed with depression by all methods. Multinomial logistic analysis showed that identifcation through SHI data 
only compared to the group with no depression was associated with gender (women). Identifcation through at least 
SHI data was associated with taking antidepressants and previous depression. Health related quality of life, especially 
the mental summary score was associated with depression but not when identifed through SHI data only. 

Conclusion The methods overlapped less than expected. We did not fnd a clear pattern between methods used 
and characteristics of individuals identifed. However, we found frst indications that the choice of method is related to 
specifc underlying characteristics in the identifed population. These fndings need to be confrmed by further studies 
with larger study samples. 

Key points 
● Patients with diabetes often have comorbid depression. Those patients are struggling to meet their treatment 

goals. Thus, they have a higher risk of getting diabetes related complications as for example coronary heart 
diseases. 
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● A lot of diferent tools and instruments are available to diagnose depression, to screen for depression among 
patients with diabetes or to identify depression symptoms or depressive disorder in clinical or epidemiological 
studies, including interview, questionnaires or claims data. It would be helpful to know if the tools that are used 
identify the same people or, if this is not the case, whether people identifed by diferent tools have diferent 
characteristics or health outcomes. 

● We found that diferent methods do not identify the same people with depression. There was no clear pattern 
of diferences between the identifed groups, however, we found some initial indications that the method 
chosen is related to particular underlying characteristics in the population identifed. Further research with larger 
data sets is necessary to see if there are diferences among the persons that are identifed by diferent tools to 
give recommendations which screening tool to use for what purpose. 

Keywords Depressive disorder diagnosis, Depressive disorder epidemiology, Diabetes Mellitus Type 2 psychology, 
Diabetes complications 

Introduction 
Patients with diabetes have an increased prevalence 
of depression compared to the general population [1]. 
Although it remains controversial if diabetes leads to 
depression or vice versa or if there is a bidirectional asso-
ciation, there is sufcient evidence that depression can 
have a serious impact on a person’s wellbeing and their 
ability to self-manage their diabetes [2–5]. Individu-
als with diabetes and comorbid depression are found to 
have unfavorable diabetes related outcomes such as a 
reduced adherence to their diabetes treatment, higher 
HbA1c levels, increased diabetes symptoms, or unfavor-
able micro-, and macrovascular outcomes [2–6]. Beyond 
unfavorable health outcomes, Brüne et al. (2021) found 
that people with diabetes and depression had almost two 
times higher total health care cost compared to people 
with diabetes without depression [7]. Despite the rel-
evance of comorbid depression in people with diabetes, 
it is assumed that only 50% are recognized and an even 
smaller amount is appropriately treated [2]. 

Several methods are used to identify depression or to 
estimate the prevalence of it. Prevalence estimates of 
depression among people with diabetes difer, which is 
also due to the fact that a range of diferent methods are 
used to assess depression [1, 8]. Tree systematic reviews 
found, that in studies where a questionnaire was used to 
assess depression, the prevalence was about two to three 
times higher than in those that used a diagnostic inter-
view [8–10]. 

Te method used to assess the presence of depression 
depends on several factors. For example, it may depend 
on study design, time constraints, personal preferences 
of the researchers, availability or the aim of the assess-
ment. Furthermore, there are a variety of questionnaires, 
each with a diferent objective and somewhat diferent 
background or focus [11–14]. Knowledge of the diferent 
methods and instruments to assess depression is there-
fore important. Up to now, there are a number of studies 
available that validate these questionnaires in general [15, 

16]. Very few studies have compared the diferent instru-
ments for identifying depression among patients with 
diabetes. Tese studies either intended to validate a cer-
tain instrument against another in a specifc population 
or wanted to compare psychometric properties or inter-
nal reliability [17–20]. 

A method other than questionnaires is the use of diag-
nosis in statutory health insurance (SHI) data to iden-
tify persons with depressive disorder. Up to now, there 
is no study, in which SHI data was used for comparison 
purposes. In our study, we used two of the most com-
mon instruments in addition to SHI data to investigate 
whether the diferent methods identify - more or less - 
the same individuals or whether they identify diferent 
individuals. In particular - if the identifed individuals 
difer - we were interested in possible patterns of char-
acteristics of the identifed groups. Tus, in contrast to 
existing validation studies, the aim of this study was to 
assess and describe in detail the overlap and the difer-
ences between groups identifed by diferent methods to 
fnd persons with depression (symptoms or disorders), 
as well as potential associations between individual and 
clinical characteristics and the method used to identify a 
person. 

Specifcally, three methods to identify depression were 
used and compared: the Centre for Epidemiological Stud-
ies Depression (CES-D) scale, the Patient Health Ques-
tionnaire-9 (PHQ-9) - the two most frequently evaluated 
questionnaires among people with diabetes [20] - or a 
diagnosis in SHI data. In this way, we aimed to gain basic 
insights and better understand the issues associated with 
the use of diferent methods. 

Methods 
Study design 
Te study design and recruitment of participants have 
been described elsewhere [21]. In brief, a cross-sectional 
survey was conducted in a random sample of individu-
als with diabetes (N = 4,053) insured by one SHI covering 
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673,366 persons in Germany. Individuals with diabetes 
type 1 or 2 were identifed using an algorithm taking into 
account diagnosis based on the 10th International Clas-
sifcation of Diseases (ICD-10) for ‘diabetes’ (E10–E14), 
prescription of antihyperglycemic drugs (Anatomical-
Terapeutic-Chemical [ATC] classifcation A10), and 
documentation of blood glucose, or a HbA1c measure-
ments. Tis algorithm has been validated and used in 
previous studies [22]. We linked data of the survey to 
longitudinal SHI data on an individual level. Te initial 
aim of the study was to assess diferences in people with 
diabetes and with and without depression regarding costs 
and health related quality of life. Te presented analyses 
are secondary analyses that were developed in the course 
of the study. 

Data source 
Te baseline survey was a 9-page postal questionnaire 
conducted in 2013. It assessed information on sociode-
mographic characteristics such as age, sex, and years of 
education, duration of diabetes, and type of diabetes. 
PHQ-9 and the German version of the CES-D were used 
to assess depression symptoms. 

SHI data on health care utilization patterns and health 
care costs for all in- and outpatient treatments were 
available for the period covering four quarters before and 
after the quarter of the baseline survey. 

Study population 
Of 46,566 individuals with diabetes in the SHI 3,642 per-
sons were randomly selected and contacted to participate 
in the study. In total 1,860 persons sent back their ques-
tionnaire (response rate: 51%) and gave written informed 
consent to use their SHI data. Responders did not difer 
from the non-responders in having a history of depres-
sion diagnosis [23]. For 201 of these persons, a lack of 
data over the complete observation period existed, e.g. 
because the person switched health insurance during 
that time. In total 1,659 persons were considered for the 
analysis. Further 80 persons were excluded as they pro-
vided incomplete information in the questionnaire. Tus, 
a total of 1,579 persons were included in our analysis 
(Appendix Fig. 1). 

Ethical approval was obtained from the ethics commit-
tee of the Heinrich Heine University Düsseldorf and is 
available under the study reference 3762. 

Main outcome – assessment of depression 
CES-D 
Te CES-D and the German version of it (Allgeme-
ine Depressionsskala) are brief self-report measures, 
designed to assess symptoms of depression in the gen-
eral population in epidemiological studies among nine 
signs and symptoms of depression defned by the Ameri-
can Psychiatric Association Diagnostic and Statistical 

Manual, fourth edition [11]. Several studies have assessed 
the validity of the CES-D in diferent populations [24, 
25]. We used the short form of the German version of the 
CES-D in our study (allgemeine Depressionsskala Kurz-
form (ADS-K)) [25]. Te instrument comprises 15 state-
ments regarding depression. Based on a four-point scale 
(ranging from “rarely or never” (0 point) to “frequently, all 
the time” (3 points)), the frequency of depressive symp-
toms occurring during the last week can be assessed. A 
score that can range from 0 to 45 is built by adding up the 
points from each statement. We used a cut-of value of 
≥ 17 to defne clinically meaningful depressive symptoms 
as suggested by validation studies [25]. 

PHQ-9 
Te PHQ-9 is a multipurpose instrument used to 
screen, monitor and measure the severity of depression 
symptoms. Te PHQ-9 can be assessed using diferent 
methods: as a diagnostic algorithm to make a probable 
diagnosis of major depressive disorder using the nine cri-
teria of the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV) or to test for other 
depressive disorders and a cut-of based on summed-
item scores to assess the severity of depression symp-
toms [12]. Te algorithm is the scoring method that was 
originally proposed to screen for depression. Within this 
study we focused on the PHQ-9 as a screening instru-
ment. According to Kroenke et al. (2001) we defned 
depression when two or more of the nine symptoms were 
present at least “more than half the days” in the past two 
weeks, and one of the symptoms was depressed mood 
or anhedonia. If the thought of suicide was present, it is 
considered to be present, regardless of the reported dura-
tion [12]. Several studies have used the PHQ-9 to assess 
depression among individuals with diabetes and used a 
similar approach [2, 26]. 

Depression in SHI data 
For a diagnosis in SHI data a ICD-10 code for the diagno-
sis of unipolar depression during the study period of nine 
quarters was required. Diagnosis of unipolar depression 
included the following codes: 

F32.0-F32.9 Depressive episode, 
F33.0-F33.9 Recurrent depressive disorder, 
F34.1 Dysthymia, 
F38.1. Other recurrent mood [afective] disorders and. 
F41.2 Mixed anxiety and depressive disorder. 

Group composition based on depression measurement 
We classifed the participants into eight groups after 
linking SHI data with survey data. Group 1 reported 
depression symptoms in the CES-D and PHQ-9 and 
had a diagnosis in SHI data. Group 2 reported depres-
sion symptoms in the CES-D and PHQ-9 but had no 
diagnosis in SHI data. Group 3 had symptoms according 
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to the PHQ-9 but not according to the CES-D and had 
a diagnosis in SHI data. For group 4 no symptoms were 
reported with the PHQ-9 but with the CES-D and they 
had a diagnosis in SHI data. Group 5 was only identifed 
with the CES-D, Group 6 only with the PHQ-9 and group 
7 only with a diagnosis in SHI data. Group 8 had no 
depression symptoms or diagnosis and was considered as 
a reference group (Appendix Table 1). 

Possible associated variables and covariates 
All potentially associated variables and covariates con-
sidered as potential predictors were recorded during 
the baseline survey, except information on clinical and 
disease related measures (based on SHI data). Based on 
a literature review and clinical expertise, we considered 
socio-demographic variables, patient-reported measures 
on health-related quality of life (HRQoL) and diabetes 
related distress as well as clinical and disease-specifc 
variables. 

Te following variables were included as sociodemo-
graphic factors: age, gender, marital status (married, 
single, divorced or separated, widowed), relationship sta-
tus (with/without partner), origin (resident in Germany 
since birth/not residing in Germany since birth) as well 
as employment (yes/no), and retirement status (yes/no). 
Te International Standard Classifcation of Education 
(ISCED) was used to categorize participants according to 
the duration of their education (< 10 years, 10–14 years, 
> 14 years) [27]. Furthermore, type and duration of dia-
betes were also assessed in the baseline survey as well as 
information on a previous diagnosis of depression by a 
health professional. 

HRQoL was investigated using the 12-item Short Form 
health survey (SF-12), a multipurpose generic measure 
of health status [28]. Te SF-12 can be used to compose 
a physical health and a mental health summary score 
(PCS-12 and MCS-12). 

We also assessed diabetes-specifc distress using the 
Problem Areas in Diabetes Scale (PAID), a 20-item scale 
consisting of emotional problems commonly reported 
among patients with diabetes [19]. 

SHI data was used to assess clinical and disease related 
measures. Comorbidities were measured using diagnos-
tic groupings, which are necessary for the morbidity-ori-
ented risk structure adjustment by SHIs in Germany. We 
used the number of coded morbidity groups in the year 
prior to the baseline survey (2012) to assess the number 
of comorbidities [29]. 

Healthcare costs were calculated from the perspective 
of a SHI including all costs imposed to the SHI. We took 
net costs into consideration without taking discounts 
into account. Costs were analyzed for every person indi-
vidually, covering the survey quarter plus the four quar-
ters before and after, a total of nine quarters. 

Te adapted Diabetes Complications Severity Index 
(aDCSI) was used to assess diabetes complications 
thereon to determine diabetes severity [30]. 

Treatment of diabetes was assessed by looking for 
prescription of insulin or oral antihyperglycemic drugs 
(OADs) in the SHI data for each participant during the 
course of the study. Additional it was checked whether 
persons took antidepressants during the course of the 
study. Tese were defned by the ATC Code N06A. 

Statistical analyses 
We described the study population by using mean, 
standard deviation and median for quantitative vari-
ables as well as frequency and percentage for categori-
cal variables. We used the Mann–Whitney U test for 
comparison of quantitative variables in two groups and 
Kruskal-Wallis test for three and more groups. Pearson’s 
chi-square test was conducted to assess if diferences for 
categorical variables were signifcant. P-values related to 
the aforementioned tests show the probability to observe 
the actual value of the related test statistic or even more 
extreme values of it assuming the null hypothesis that 
there are no diferences between groups. Smaller p-val-
ues indicate against the null hypothesis. 

To compare the eight groups, we handled the missing 
data (cf. description of the study population and Table 1) 
with the machine learning based R-algorithm missForest 
to impute. To assess the quality of the imputation we cal-
culated out-of-bag (OOB) imputation errors as the pro-
portion of false classifed cases (PFC) for categorical and 
as normalized root of mean squared error (NRMSE) for 
quantitative variables. Since the comparison of all eight 
groups to each other (the so called many-to-many prob-
lem) requires 28 pairwise comparisons, each with respect 
to a variety of characteristics, one should expect a con-
siderable number of false rejections/efects. In order to 
be able on the one hand to control the type I error (i.e., 
rejection of at least one true null hypothesis, also known 
as family-wise error rate) and on the other hand to see 
any efects after multiple adjustment (done by the Bon-
ferroni correction), we focused on the comparison of 
seven groups with depressive disorder to the group with 
no depression or depressive symptoms (i.e., group 8) as 
the reference group (the so called many-to-one problem). 
We used a multinomial logistic regression to model the 
group membership, whereby the log odds of being in one 
group relative to being in the reference group is modelled 
as a linear combination of predictor variables. Tus, an 
indirect comparison of seven groups with depressive dis-
order to each other may be done by comparing those dif-
ferences to the reference group. 

Gender, age, marital status, employment status, type 
of diabetes and diabetes duration, insulin and OAD 
usage, aDCSI score, previous depression and intake of 



Page 5 of 13 Linnenkamp et al. Diabetology & Metabolic Syndrome           (2023) 15:54 

  

  

 
  

    

  

  

  

  
 

 

 

  

  

    

    

  
 

 

 

    

    

  
 

 

 

    

  

   

   

    

  
 

 

 

   

antidepressant medication, number of comorbidities, 
HRQoL, PAID score, and total health care costs were 
used as potential candidates for independent variables 
in the multinomial model. We selected the fnale multi-
nomial model by keeping important variables (age, sex, 

Table 1 Baseline characteristics of the DiaDec sample 
n (%), mean ± SD, 
median 

Sample size, n 1,579 

Age, years, n = 1579 67·0 ± 9·9, 
69·0 

Sex, female, n = 1579 597 (37·8) 

Origin, Germany n = 1577 1,397 (88·6) 

Family status, in a relationship, n = 1556 1,306 (83·9) 

Marital status, n = 1573 
Married 1,188 (75·5) 

Divorce/separated 112 (7·1) 

Widowed 195 (12·4) 

Employment status, employed, n = 1547 402 (26·0) 

Retirement status, retired, n = 1564 1,089 (69·6) 

Level of education, ISCED ≥ 14 years, n = 1570 337 (21·5) 

Diabetes duration in years, n = 1533 11·0 ± 8·3, 
9·0 

Type of Diabetes, n = 1566 
Type 1 Diabetes 128 (8·2) 

Type 2 Diabetes 1,345 (85·9) 

Type unknown/other 93 (5·9) 

Diabetes severity aDCSI, n = 1579 3·0 ± 2·2, 
3·0 

Number of comorbidities, n = 1579 3·7 ± 2·1, 
3·0 

Treatment, n = 1579 
Taking insulin 486 (30·8) 

Taking oral antihyperglycemic drugs 1,071 (67·8) 

Taking antidepressants 276 (17·5) 

Health care costs for 2 years, €, n = 1579 10,123·0 ± 13,188·2, 
6,112·7 

Health related Quality of Life$, n = 1544 

physical component summary scale of the 41·7 ± 10·9, 
SF-12 (PCS-12) 43·5 

mental component summary scale of the SF-12 50·1 ± 10·5, 
(MCS-12) 53·3 

Problem Areas in Diabetes Scale (PAID)∞, n = 1512 19·4 ± 17·6, 
14.0 

Previous depression, n (%) (self-reported), 
n = 1575 

Yes 225 (14·3) 

No 1,041 (66·1) 

unknown 309 (19·6) 
Percentages of categorical variables computed with respect to the total 
number of subjects within the sample 

SD = standard deviation 
$ range from 0 to 100, zero indicates the lowest level of health measured by the 
scales and 100 indicates the highest level of health 
∞ Possible score can range from 0 to 100, with higher scores indicating greater 
diabetes-related emotional distress 

comorbidities, MCS-12 and PCS-12), removing collinear 
variables as well as minimizing Akaike information cri-
terion (AIC). Te fnal model includes the independent 
variables: age, gender, taking insulin, previous depres-
sion, taking antidepressant, the number of comorbidities, 
HRQoL, and the PAID score. 

P-values related to the estimates of the multinomial 
regression odds ratios (OR) for being in a group with 
depressive disorder compared to the reference group, are 
the probabilities to observe the actual value of the OR or 
more extreme values and under the null hypothesis that 
there is no efect (OR = 1). Smaller p-values are an indica-
tion, that null hypothesis may be wrong and there is an 
efect. 

Te signifcance level (also for multiple comparisons) 
was set to α = 0·05. 

Results 
Description of the study population 
Table 1 describes the 1,579 participants and their charac-
teristics. For 271 subjects in the total sample (17·2%) data 
of at least one variable in the baseline survey were miss-
ing while 1,308 persons had complete data. 

Participants had a mean age of 67 years and almost 40% 
were female. About 90% were German and 84% were in a 
relationship. About one in fve had more than 14 years of 
education. Almost 70% of the participants were retired. 
More than 75% were married, around 7% were divorced 
or separated and 12·4% were widowed. 

On average participants had diabetes for 11 years, the 
majority had T2DM (85·9%). About one-third of the 
participants were treated with insulin, around 67% took 
OAD. 17·5% took antidepressants. Te mean health-
care costs in our sample were 10,123€. Participants had 
on average 41·7 points on the physical component sum-
mary scale (PCS) of the SF-12 and 50·1 on the mental 
component summary scale (MCS). Te average PAID 
Score in the sample was 19·4. 14% of people in the sample 
reported that they had previously been diagnosed with 
depression. 

Prevalence of depression according to the diferent 
methods 
Figure 1 displays overlaps between the diferent methods 
and reports the overall prevalence within the sample. In 
total 33·0% of our analysis sample (521) were identifed 
with some form of depression by at least one method. 
Te prevalence of depression in our sample ranged from 
11·6% (PHQ-9) up to 22·4% (SHI data). 

Te diferent groups and their characteristics are 
described in Table  2. Group 8 – the reference group 
- was the largest group with 1,058 persons and group 
3 identifed through the PHQ-9 and a diagnosis in 
SHI data the smallest with 22 persons. With respect to 
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Fig. 1 Venn diagram showing the persons identifed by diferent methods to assess depressive disorder and intersections between the diferent methods 

sociodemographic variables the percentage of females 
was highest in group 7 (51·7%) while it was lowest in 
group 6 (33·3%). Group 7 (only identifed by a diagno-
sis in SHI data) was the group with most persons being 
German of origin (92·7%) and group 2 (identifed by both 
instruments) the one with the smallest number of per-
sons with German origin (76·1%). In group 8 most people 
were in a relationship (87·7%) and group 1 (identifed by 
all methods) was the group where the smallest number of 
persons was in a relationship (70·1%). One third of group 
6 (identifed through PHQ-9 only) were retired but only 
about 52% of the persons in group 1. A duration of edu-
cation for more than 14 years was highest in the group 
8 (23·2%) and in group 1 (20·3%) and lowest in group 2 
(15·2%). Group 1 had also the highest share of persons 
with type 1 diabetes (12·6%). With regard to diabetes spe-
cifc and health care related outcomes, the highest num-
ber of persons with type 1 diabetes was found in group 
1(12·8%) and the lowest amount was found in group 7 
(4·9%). Group 2 and 3 had the highest share of persons 
taking insulin (43·5 and 50%) whereas in all other groups 

the share was around 30%. For OAD in all groups the 
share of persons taking them was between 60 and 70%. 
Average health care costs were highest in group 3 with 
a median of more than 13,900 € and lowest in group 8 
(median 5,283 €). 

Looking at HRQoL, the average score on the PCS12 
was highest in group 8 (median 47·3) and group 7 
(median 42·3) and lowest in group 1 (median 30·6). Tese 
fndings were similar for the MCS12. Te average PAID 
score was highest in group 1 (median 45·0) and lowest 
in group 8 (median 10·0) and group 7 (median 15·0). In 
group 1 was the highest share of persons reporting a pre-
vious depression (67·1%) and in group 8 the lowest share 
(4·9%). 

Results of the multinomial model 
Table  3 reports the results of the multinomial logistic 
regression model with imputed data (the OOB imputa-
tion errors are reasonably small ranging from 0·086 to 
0·71), comparing the seven groups with depressive disor-
der with the reference group with no depressive disorder 
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Table 3 Results of the multinomial model reporting odds ratio (OR) and 95% confdence intervals (95% CI) for belonging to the 
diferent groups compared to belonging to the group with no depression (group 8) 

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 
(n = 79) (n = 46) (n = 22) (n = 48) (n = 85) (n = 36) (n = 205) 

Outcome P + C + S+ P + C + S- P + C-S+ P-C + S+ P-C + S- P + C-S- P-C-S+ 
OR§ OR§ OR§ OR§ OR§ OR§ OR§ 

[95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI] 
(p-value) (p-value) (p-value) (p-value) (p-value) (p-value) (p-value) 

Age (years) 0·94 0·96 0·93 0·94 0·97 0·99 0·98 
[0·90, 0·98] [0·92, 1·00] [0·89, 0·98] [0·91, 0·98] [0·94, 1·01] [0·95, 1·04] [0·96, 1·00] 
(0.0019) (0.0559) (0.0059) (0·0024) (0·1025) (0·7203) (0·0151) 

Sex 1·80 1·09 0·77 1·91 1·01 0·67 1·86 
(female vs. male$) [0·86, 3·76] [0·49, 2·54] [0·28, 2·11] [0·94, 3·91] [0·57, 1·77] [0·31, 1·45] [1·31, 2·65] 

(0·1990) (0·8317) (0·6087) (0·0756) (0·9804) (0·3084) (0·0005*) 
Comorbidities (number) 1·12 0·82 1·09 1·44 0·91 1·08 1·31 

[0·94, 1·35] [0·65, 1·03] [0·87, 1·37] [1·23, 1·68] [0·78, 1·06] [0·90, 1·28] [1·20, 1·44] 
(0·2052) (0·0924) (0·4627) (< 0·0001*) (0·2183) (0·4134) (< 0·001) 

taking insulin 0·52 0·86 1·43 0·48 0·72 0·58 0·57 
(yes vs.no$) [0·24, 1·16] [0·37, 1·97] [0·52, 3·92] [0·22, 1·06] [0·40, 1·32] [0·26, 1·29] [0·37, 0·86] 

(0·1094) (0·7157) (0·4882) (0·0678) (0·2915) (0·1814) (0·0075) 
taking antidepressants 8·94 2·99 12·00 7·25 1·24 1·25 8·31 
(yes vs. no$) [3·87, 20·63] [1·16, 7·74] [4·16, 34·65] [3·25, 16·15] [0·52, 2·93] [0·40, 3·92] [5·43, 12·73] 

(< 0·0001*) (0·0235) (< 0·0001*) (< 0·0001*) (0·6244) (0·7019) (< 0·0001*) 
Health related Quality of 
Life 
physical component sum- 0·90 0·84 0·89 0·94 0·94 0·90 0.99 
mary scale of the SF-12 [0·86, 0·95] [0·79, 0·89] [0·84, 0·94] [0·90, 0·99] [0·91, 0·97] [0·86, 0.94] [0.97, 1.01] 
(PCS-12 (score) (< 0·0001*) (< 0·0001*) (0·0001) (0·0106) (< 0·0001*) (< 0·0001*) (0·3628) 

mental component sum- 0·73 0·75 0·86 0·88 0·85 0·88 0·98 
mary scale of the SF-12 [0·69, 0·78] [0·71, 0·80] [0·81, 0·91] [0·84, 0·92] [0·82, 0·88] [0·84, 0·92] [0·95, 1·00] 
(MCS-12) (score) (< 0·0001*) (< 0·0001*) (< 0·0001*) (< 0·0001*) (< 0·0001*) (< 0·0001*) (0·0396) 
Problem Areas in Diabetes 1·07 1·08 1·00 1·06 1·06 1·03 1·00 
Scale (PAID) (score) [1·05, 1·10] [1·06, 1·11] [0·97, 1·03] [1·04, 1·08] [1·04, 1·08] [1·01, 1·06] [0·98, 1·01] 

(< 0·0001*) (< 0·0001*) (0·8948) (< 0·0001*) (< 0·0001*) (0·0062) (0·7238) 

Previous depression 
(yes vs. no$) 8·32 2·07 6·86 9·11 0·37 0·52 5·19 

[2·83, 24·48] [0·66·6·42] [1·86, 25·29] [3·43, 24·20] [0·11, 1·23] [0·11, 2·52] [3·10, 8·68] 
(< 0·0001*) (0·2099) (0·0038) (< 0·0001*) (0·1041) (0·4188) (< 0·0001*) 

(Do not know vs. no$) 2·76 1·74 2·47 2·13 1·49 1·15 1·73 
[0·97, 7·85] [0·68, 4·42] [0·68, 8·96] [0·80, 5·70] [0·84, 2·66] [0·52, 2·56] [1·11, 2·71] 
(0·0569) (0·2465) (0·1691) (0·1317) (0·1752) (0·7308) (0·0158) 

P = PHQ-9, Patient Health Questionnaire-9; C = CES-D, Center for Epidemiological Studies Depression Scale; S = SHI data, statutory health insurance data, MCS-
12 = Mental summary score of the SF-12, PCS-12 = Physical summary score of the SF-12, PAID = Problem Areas in Diabetes scale 

Group 1 = identifed with all 3 methods, Group 2 = identifed by PHQ-9 and CES-D, Group 3 = identifed by PHQ-9 and health insurance data, Group 4 = identifed by 
CES-D and health insurance data, Group 5 = identifed by CES-D, Group 6 = identifed by PHQ-9, Group 7 = identifed by health insurance data, Group 8 = no depressive 
disorder 
$Reference group, OR = odds ratio (corresponding to one unite change in case of age, comorbidities, PCS-12, MCS-12 and PAID) 

CI = confdence interval, p-values under 0·05 are bold, *p-values signifcant at multiple level α/70 

Nagelkerke’s R2 = 0.677 

(i.e., group 8). Overall, several diferences in associations respectively) than in the reference group, i.e., OR = 12·00 
with the independent variables and the groups identifed (8·94, 8·31 and 7·25, respectively). Tese four groups are 
by the three methods were identifed (even Bonferroni characterized by a diagnosis in SHI data. Contrastingly, in 
adjusted). We did not fnd a clear pattern between meth- groups not identifed through a diagnosis in SHI data, i.e., 
ods used and characteristics of individuals identifed. groups 2, 5 and 6, the estimated efects of taking antide-
However, we found some remarkable points. pressants were considerably smaller and even not signif-

First, we observed that a person who took antide- cant for groups 5 and 6 (depression symptoms according 
pressants compared to a person who did not take anti- to CES-D and PHQ-9 only). A quite similar pattern was 
depressants was 12 times (or for that matter about 9, 8 noticed for reporting previous depression and comor-
and 7 times) more likely to be in group 3 (group 1, 7 or 4, bidities: Persons reporting a previous depression where 
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signifcantly more likely to be in one of the groups identi-
fed through a diagnosis in SHI data (group 1, 3, 4 and 7) 
compared to the reference group and people with more 
comorbidities were more likely to be groups 4 and 7 
(both identifed through SHI diagnosis). 

Second, women were almost twice more likely to be in 
the group with an SHI data-based diagnosis only (group 
7) than in the reference group (OR = 1.86). But there 
were no further signifcant associations related to other 
groups. 

Tird, age was a signifcant factor for group member-
ship probability. With each year of life, it is less likely 
to be in any group with depressive disorder than in the 
reference group (all OR’s are less than one), however, 
not signifcant for groups without SHI-based depres-
sion diagnosis. Low HRQoL values and especially low 
MCS-12 values were associated with belonging to any 
group but not the one identifed by SHI data only, each 
in comparison to the reference group. We observed that 
a person with low MCS-12 is signifcantly more likely to 
be in a group with both symptoms according to PHQ-9- 
and CES-D (i.e., group 1 and group 2) than in any other 
group. Furthermore, the results regarding the PAID 
Score point in the same direction, values were associated 
with belonging to any group (except the smallest group) 
but not the one identifed by SHI data only. 

Discussion 
National and international guidelines recommend 
screening people with diabetes for depression to iden-
tify patients in need of psychological treatment [31, 
32]. However, neither of these guidelines give detailed 
instructions on which screening instrument to use or 
describe the diferences for the identifed groups. A 
recent meta-analysis of diagnostic accuracy of depression 
questionnaires in adult patients with diabetes by de Joode 
et al. (2019) showed, that the CES-D and the PHQ-9 
are the most frequently evaluated depression question-
naires among patients with diabetes [20]. Tey difered 
in terms of sensitivity and specifcity, however none of 
the two instruments was found to be superior over the 
other. Te results of our study show that between 14·6% 
and 22·4% of individuals with diabetes had depression 
depending on the method used to assess it. High preva-
lence estimates can be expected, since on the one hand, 
there is evidence that depression is a risk factor for dia-
betes and, on the other hand, studies show that the dis-
tress caused by diabetes contributes to the development 
of depression [1, 8, 33–36]. Te results of our study are 
within the range of fndings from the two most recent 
meta-analyses on depression among persons with dia-
betes where prevalence ranged from 1·8% up to 88·0% [1, 
8]. One could assume, that both instruments used would 
identify more or less the same persons since they both 

measure depression symptoms within the last or the last 
two weeks. One could also assume an overlap between 
the two instruments and the persons identifed through 
SHI data, however this overlap would be expected to be a 
little less pronounced as SHI data covers diagnosis from 
two years. We indeed found some overlap between the 
methods; however, surprisingly the majority of persons 
was identifed by one instrument only (20·7% of the total 
sample), 7·3% of the whole sample were identifed using 
two methods and 5·6% were identifed with all three 
methods. Te largest number of persons was identifed 
through SHI data only (group 7). In total 68·0% of those 
identifed with depression in our sample were identifed 
through SHI data of which 42·1% were also identifed 
through one of the two instruments. Te characteristics 
of individuals identifed by either of the two instruments 
were quite similar. Within our sample women were more 
likely to belong to the group identifed through SHI data 
only (group 7). Tis is in line with results of an analysis 
of routine German SHI data that found women are diag-
nosed more frequently than men in all age groups [37]. 

It seems that persons who have a diagnosis of depres-
sion in SHI data but do not show symptoms in either of 
the questionnaires (group 7) do not noticeably difer in 
their HRQoL when compared with the group with no 
depression. Neither were the reported scores for diabetes 
related distress high in this group. 

Screening for depression among individuals with dia-
betes seems to be necessary since all groups identifed 
through at least one questionnaire (groups 1–7) had 
more unfavorable outcomes compared to the group with 
no depression. 

Our fndings show that, even though the same disease 
should be measured, the degree of variability in persons 
identifed across the methods is substantial. If we would 
have used the PHQ-9 only we would have missed 133 
patients who have depressive symptoms according to 
the CES-D but not according to the PHQ-9. Similarly, 
if we would have used only the CES-D we would have 
missed 58 persons who had symptoms according to the 
PHQ-9 but not according to the CES-D. Unfortunately, 
the diferences between the groups were not pronounced 
enough to draw conclusions on which method is to be 
preferred. 

To keep in mind: We found some indication that the 
method chosen to identify persons with a depressive dis-
order might be related to particular underlying charac-
teristics in the population identifed. To our knowledge, 
there is no study, which has used a similar many-to-one 
approach. It will be interesting to compare fndings of 
future studies with larger samples. 
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Strength and limitations 
To our knowledge, this is the frst study which analy-
ses groups identifed by diferent instruments to assess 
depression, and includes also SHI data. Te linkage of 
survey data with SHI data allows a more detailed descrip-
tion of the identifed persons which would not be possible 
with using only one of the two data sources. Te analyzed 
data set is rather large allowing for robust estimates. 
Moreover, the response rate was with 51·0% reasonably 
high for a survey-based study. An nonresponse analysis 
did not reveal any major diferences between responders 
and nonresponders especially with respect to depression 
[23]. Tus, nonresponse bias should be small. However 
only persons of one SHI could participate in the study 
which might infuence the results since, for example, the 
prevalence of diabetes varies among the diferent SHIs 
in Germany [38]. Survey data was only assessed at one 
point during the study period whereas the SHI data cov-
ers the whole study period thus the prevalence observed 
in SHI data might be, among other reasons, higher as the 
time frame during which it is assessed is longer. More-
over, it has to be kept in mind that a diagnosis in SHI 
data is not valid as a screening measure for depression 
since people with a diagnosis have most likely received 
some form of therapy. Furthermore, within SHI data we 
fnd clinical diagnosis whereas the results of the CES-D 
and the PHQ-9 are not clinical diagnosis but results of 
screening measures for depression. Additionally, it might 
be the case that once a person has received a depression 
diagnosis it will not be removed from the track record 
even though the person does not have depression any-
more. Likewise, we could not get a full history of diag-
nosed depression but only data on depression diagnosis 
12 month before and after the baseline assessment. Our 
focus is on acute depression, in line with the two instru-
ments used during the baseline survey, which is not cov-
ered by a lifetime history of depression. Since we include 
a considerable time frame before and after the baseline 
assessment misclassifcation is assumed to be low. 

Conclusion 
Our study is the frst study that describes the overlap 
and diferences between individuals identifed with dif-
ferent methods to detect depression. Although several 
characteristics were found to be associated with belong-
ing to the diferent groups; we did not fnd a clear pattern 
among those characteristics. However, we have found 
some initial indications that the method chosen is related 
to particular underlying characteristics in the popula-
tion identifed. Te methods have a relatively low overlap. 
Te majority of persons were identifed using a diagnosis 
in SHI data. Tose identifed through SHI data only did 
not difer in their HRQoL when compared to those with 
no depression. Tis could be either due to a successful 

therapy or due to a spontaneous relapse. Our study 
shows, that there might be similarities but also difer-
ences in characteristics of identifed persons depending 
on the method used. By using either of the three meth-
ods, one should be aware that certain persons are missed. 
Terefore, further research with a comprehensive data 
set, that is sufciently large in terms of case numbers, 
is needed to address the implications of using either of 
the methods.Especially prospective studies investigating 
clinical outcomes would be important. Tis knowledge is 
crucial to enable clinicians to make an informed decision 
about the usage of either of the two instruments in every 
day practice, taking into account setting, time constraints 
and other relevant circumstances. 
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