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Abstract

Aims/hypothesis The aim of the study was to examine the course of diabetes distress and depressive symptoms and their
predictors of incidence and remission in individuals with type 1 and type 2 diabetes.

Methods Data were collected every 6 months over a 24 month period. Participants (n=654) completed measures of diabetes
distress (Problem Areas in Diabetes Scale) and depressive symptoms (Patient Health Questionnaire 8). Cox proportional
hazards models were applied to examine predictors of incidence and remission, considering demographic, clinical and psy-
chosocial factors. All predictors were assessed at baseline, except for HbA ., which was modelled as a time-varying covariate.
Results Diabetes distress showed cumulative incident cases in 21% of the sample and a remission rate of 70% across 24
months. For depressive symptoms, cumulative 24 month incidence was 33% and remission was 67%. The median onset
time was 18 months for diabetes distress and 24 months for depressive symptoms; the median remission time for both was
6 months. Higher HbA |, (HR=1.02, p=0.022), female gender (male gender HR=0.55, p=0.043), long-term complications
(HR=2.11, p=0.009) and a history of anxiety disorders (HR=2.57, p=0.029) significantly predicted the incidence of diabetes
distress, while no predictors were associated with remission. For depressive symptoms, higher HbA ;. (HR=1.03, p<0.001),
prior depression (HR=2.63, p=0.001) and eating disorders (HR=2.20, p=0.044) predicted incidence. Remission was sig-
nificantly associated only with older age (HR=1.02, p=0.045).

Conclusions/interpretation Suboptimal glycaemic outcomes predicted both diabetes distress and depression; however, diabe-
tes distress was associated with anxiety disorders, whereas depressive symptoms were linked to prior depression and eating
disorders, hinting at distinct aetiologies.

Keywords Anxiety disorder - Depression - Diabetes distress - Incidence - Longitudinal - Remission - Survival analysis
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What is already known about this subject?

e Diabetes distress and depression are common psychological comorbidities in people with diabetes; both are

associated with suboptimal outcomes

e  These comorbidities are related but distinct constructs

e Longitudinal data on the incidence and remission of these comorbidities are scarce

What is the key question?

e  What predicts the incidence and remission of diabetes distress and depressive symptoms in a survival analysis, and

are these predictors different?

What are the new findings?

e Higher HbA:c predicted the incidence of both diabetes distress and depressive symptoms

e Anxiety disorders significantly predicted the incidence of diabetes distress, whereas prior depression and eating

disorders predicted depressive symptoms

e  Median remission was short (~6 months), with no consistent predictors

How might this impact on clinical practice in the foreseeable future?

e  (linical practice may benefit from distinguishing diabetes distress from depression when screening and designing
interventions, with particular attention given to glycaemic outcomes, illness-related fears and psychiatric history

Introduction

There is hardly any chronic disease that requires as much
discipline in self-care as the chronic metabolic condition
diabetes. It is therefore not surprising that many individu-
als report feeling mentally exhausted following the sudden
change in lifestyle after diagnosis and the high demands
of dealing with the condition [1]. As a consequence,
diabetes-specific burdens, commonly referred to as dia-
betes distress, are rather frequent [2, 3]. A meta-analysis
found a prevalence of 36% in people with type 2 diabetes
[4]. In type 1 diabetes, diabetes distress prevalence var-
ies between studies, but according to Skinner et al [2] it
ranges from 20% to 40%.

Research has consistently shown that diabetes distress
is linked to impaired physical and mental health. It is asso-
ciated with suboptimal glycaemic management [3, 5-9],
a greater prevalence of long-term complications [7] and
lower quality of life [10]. Higher levels of distress have
been reported among younger individuals, women and
those with complications [11, 12]. Distress levels are often
highest shortly after diagnosis [2].

The prevalence of affective disorders like depression
and anxiety is also elevated in people with diabetes [13].

@ Springer

Farooqi et al [13] reported an overall depression preva-
lence of 19% among people with diabetes, with rates of
22% in type 1 and 19% in type 2 diabetes (almost twice
as high as in people without diabetes). Depressive symp-
toms are linked to reduced quality of life [14], suboptimal
diabetes self-management [15] and a higher prevalence of
long-term complications [16, 17]. Women with diabetes
are at higher risk [18-20].

Diabetes distress and depressive symptoms share
overlapping features, such as feelings of hopelessness,
reduced motivation and emotional exhaustion. However,
they represent related yet conceptually distinguishable
constructs. Diabetes distress specifically reflects the
emotional burden of managing diabetes and its treatment
demands, whereas depression is a broader and more per-
sistent mood disturbance that is not necessarily tied to
diabetes itself [3, 21].

Given the strong associations of diabetes distress and
depressive symptoms with clinical and psychosocial out-
comes, addressing these burdens is essential in diabetes
care [22]. Longitudinal studies are particularly important
for identifying the risk and protective factors that influ-
ence mental health trajectories over time and for evolving
targeted prevention and intervention strategies.



Diabetologia (2026) 69:1205-1215

1207

Although many cross-sectional studies have examined
the prevalence and correlates of diabetes distress and
depressive symptoms, few have investigated longitudinal
relationships with psychosocial outcomes. Most studies
have used regression and latent growth models [23-27].
For instance, Fisher et al [23] used logistic regression anal-
yses to identify risk factors for elevated diabetes distress in
people with type 2 diabetes and found that being female,
having a prior history of major depressive disorder, expe-
riencing more negative life events, having more diabetes
complications and maintaining a poor diet and low physi-
cal activity increased the odds of becoming distressed over
time. In a longitudinal analysis with people with type 1
diabetes, Fisher et al [25] reported that age, gender and the
number of complications predicted changes in distress lev-
els over time. Associations with greater risk of persistent
depressive symptoms were younger age, female gender
and a lifetime history of major depressive disorder [27].
While these studies provided valuable insights, survival
analysis offers additional methodological advantages such
as modelling the relationship between predictors and the
timing of an event; however, it has rarely been applied in
this context.

De Groot et al [28] applied survival analysis to estimate
the duration, recurrence and remission of depressive epi-
sodes in individuals with type 2 diabetes. They reported a
median duration of up to 14 months for initial episodes and
showed that remission periods became progressively shorter
with each subsequent episode. Similarly, Nefs et al [29]
examined the longitudinal course of depressive symptoms
in a large cohort of 2460 primary care patients with type
2 diabetes, showing that depressive symptoms persisted or
recurred over time in 66% of the sample. However, survival
analysis has rarely been applied to study such trajectories
and, to the best of our knowledge, no previous study has
used this method to examine predictors of diabetes distress
onset or remission [30, 31].

The present study addresses this gap by applying Cox
proportional hazards models to identify risk and protective
factors related to the onset and remission of diabetes distress
and depressive symptoms over time. Furthermore, we aim to
model the temporal course of these conditions and provide
clinically relevant insights into when these conditions are
most likely to emerge or subside.

Methods

Study procedure The data were collected via the online
panel dia-link (https://www.dialink-diabetes.de). The panel
is for people with diabetes, their relatives and practitioners
from the field of diabetology, who can register for free to
take part in regular surveys on diabetes-specific issues. We

assume that the panel members are likely educated, primar-
ily German-speaking adults with a high degree of engage-
ment in their diabetes management, who are interested in
research and motivated to contribute. All surveys are con-
ducted online, and informed consent is obtained before each
survey. For this study, eligible panellists (>18 years of age
with type 1 or type 2 diabetes) received a notification via
email every 6 months and were asked to take part in a survey
about their quality of life with diabetes. Participants filled in
various questionnaires regarding their mental health, includ-
ing diabetes distress and depressive symptoms. The first
survey took place in the first quarter of 2022. So far, four
more surveys have been collected, resulting in a total of five
points of measurement over a time span of 24 months. As
the survey was conducted on a voluntary basis, not everyone
took part in all five surveys and some also joined in later,
which resulted in a slight fluctuation in the number of par-
ticipants at every point of measurement. For this analysis, we
included those who had at least two points of measurement.

Ethical standard The study was approved by the Ethics
Committee of the German Psychological Society (DGPs)
(file HermannsNorbert2020-12-18 VA) and carried out in
accordance with the Declaration of Helsinki. All participants
provided written informed consent before inclusion.

Variables and measures At baseline, which is individu-
ally defined as the first time a person entered the survey,
we obtained self-reported demographic variables, including
age and gender (female, male or diverse), as well as medical
data, such as diabetes duration, type of diabetes, long-term
complications such as retinopathy, neuropathy, nephropa-
thy and diabetic foot syndrome, and a history of diagnosed
psychological comorbidities such as major depression, eat-
ing disorder and anxiety disorders. Ethnicity data were not
collected, as we assume that the participants of the dia-link
panel are primarily German-speaking adults without diverse
ethnic backgrounds. Starting from a participant’s individual
baseline, self-reported HbA , levels (which are typically
measured every 3 months as part of standard diabetes care)
and mental health aspects such as diabetes distress and
depressive symptoms were measured every 6 months.
Diabetes distress was assessed using the German ver-
sion of the Problem Areas in Diabetes Scale (PAID) [7].
The questionnaire requests ratings of 20 diabetes-specific
emotional problems (e.g. fear of long-term complications,
problems with hypoglycaemia and overburdening due to
diabetes treatment) on a five-point Likert scale from O (‘not
a problem’) to 4 (‘serious problem’). The item scores were
multiplied by 1.25, resulting in a total score ranging from
0 to 100, with higher scores suggesting higher diabetes dis-
tress. Total scores of 40 or higher are considered as clinically
elevated distress [32] and therefore were used as the cut-off.
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Depressive symptoms were assessed using the Patient
Health Questionnaire 8 (PHQ-8). The PHQ-8 is a reliable
instrument for recording the frequency and severity of
depressive moods [33] and has also been proven to be a suit-
able method for detecting depression in people with diabetes
[34]. The questionnaire consists of eight items based on the
diagnostic criteria of the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V) for depres-
sion. On a four-point Likert scale from O (‘not at all’) to
3 (‘almost every day’), participants were asked to indicate
how often they felt affected by the complaints (e.g. ‘little
interest or pleasure in your activities’ or ‘tiredness or feeling
of having no energy’). The scores of the eight items were
summed to obtain a value range of 0-24. A cut-off value of
10 indicated the presence of a depressive mood [33].

Statistical analyses The statistical analyses were performed
using IBM SPSS Statistics 29 (https://www.ibm.com/produ
cts/spss-statistics) and R Statistical Software (https:/www.r-
project.org/, v4.3.3) [35].

The prevalence of elevated diabetes distress and depres-
sive symptoms was calculated at each of the five measure-
ment points as the proportion of individuals with a PAID
score >40 and a PHQ score >10, respectively. These cut-off
values were also used for computing the cumulative inci-
dence and remission rates.

Cox proportional hazards models were applied to iden-
tify factors influencing the onset and remission of diabetes
distress and depressive symptoms. As with conventional
linear regression models, survival regression models allow
the effects of covariates and predictor variables to be inves-
tigated. However, Cox proportional hazards models charac-
terise how covariates relate to the time until a specific event
occurs, by modelling how hazard changes over time [36].

The key factor in this analysis is the time between a
defined start and the point at which the event of interest
occurs, commonly referred to as ‘time-to-event’ [37]. The
‘event’ variable indicates whether the event has occurred
(e.g. if a value exceeds a cut-off) and was dichotomised as 0
(‘event has not [yet] occurred’) and 1 (‘event has occurred’).
This allows for inclusion of both observed events and cen-
sored cases (i.e. when the event has not occurred by the end
of the study). Events can be negative (incidence of symp-
toms: PAID >40 or PHQ >10) or positive (remission: PAID
<40 or PHQ <10) at any of the points of measurement. For
incidence analyses, we excluded individuals who already
reported elevated symptoms at their individual first point
of measurement; for remission analyses, we included only
those with elevated symptoms at their individual baseline.

In the present dataset, demographic and clinical variables
(age, diabetes duration, diabetes type and HbA.), as well as

@ Springer

the presence of pre-existing long-term complications and a
history of psychological comorbidities (depression, eating dis-
order and anxiety), were included as predictors in the model.
Gender was additionally entered as a covariate in all Cox pro-
portional hazards models to examine potential gender-related
differences. As no participant identified as ‘diverse’, analyses
were limited to female and male participants. All predictors
were assessed at baseline, except for HbA ., which was mod-
elled as a time-varying covariate corresponding to the same
time point as each assessment to account for dynamic changes
in glycaemic outcomes. Therefore, we generated a data frame
in long format with each row corresponding to a follow-up
time interval with the respective covariate value.

The proportional hazards assumption, a key requirement of
the Cox regression model, states that the hazard ratios for the
covariates remain constant over time. To test this assumption,
we used the Schoenfeld residuals and visually inspected resid-
ual plots to identify any systematic time-dependent patterns.
There was no significant deviation for all variables included.
Multicollinearity was examined by inspecting variance infla-
tion factors and tolerance values, which indicated no problem-
atic correlations among predictors.

A p value <0.05 (two-tailed) was considered to indicate
statistical significance in all analyses.

Results

Sample characteristics The study sample consisted of 654
individuals, who participated in at least two points of meas-
urement. This sample did not significantly differ from the full
sample size (n=1209) in terms of gender, HbA |, diabetes
type and diabetes duration (all p>0.05). Participants who
completed at least two assessments were on average about 5
years older than those who participated only once (p<0.001).
For the incidence analyses, only individuals without elevated
symptoms at their baseline were included (n=501 for dia-
betes distress, n=486 for depressive symptoms). Participants
who reported elevated symptoms at their individual baseline
(n=131 for diabetes distress, n=168 for depressive symptoms)
were included in the remission analyses. The mean age of par-
ticipants was 55.4 years (SD=13.9, range=17-85). The mean
duration of diabetes was 25.8 years (SD=15.8, range=3-71).
The mean HbA,, was 55 mmol/mol (7.2+1.1%). In terms
of gender distribution, 48.5% were female and 51.5% were
male. The majority had type 1 diabetes (76.0%). Furthermore,
22.2% of participants had a history of diagnosed depression,
11.3% had a history of diagnosed anxiety disorders and 7.5%
had a history of diagnosed eating disorders. For full sample
characteristics, see Table 1.
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Table 1 Sample characteristics

Variable Mean =+ SD (range) or n (%)
Age, years 55.4+13.9 (17-85)
Diabetes duration, years 25.8+15.8 (3-71)
HbA ., mmol/mol, baseline 55
HbA,., %, baseline 7.2+1.1
HbA, ., mmol/mol, 6 months 52
HbA,., %, 6 months 6.9+0.9
HbA, ., mmol/mol, 12 months 52
HbA,., %, 12 months 6.9+0.9
HbA, ., mmol/mol, 18 months 52
HbA,., %, 18 months 6.9+0.9
HbA, ., mmol/mol, 24 months 51
HbA,., %, 24 months 6.8+0.8
Male gender 337 (51.5)
Type 1 diabetes 497 (76.0)
Pre-existing long-term complications 251 (38.4)
History of diagnosed depression 145 (22.2)
History of diagnosed anxiety 74 (11.3)
History of diagnosed eating disorder 49 (7.5)
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Incidence and remission rates of diabetes distress and
depressive symptoms Over 24 months, the cumulative
incidence of elevated diabetes distress rose from 6.0% at 6
months to 21.0% at 24 months. Thus, across the 24 month
analysis period, 21% of the sample newly developed elevated
diabetes distress (Fig. 1a). The analysis of diabetes distress
overlooked 612.8 person-years in which 78 incident cases
of elevated diabetes distress were recorded. Thus, there
were 12.7 new cases of elevated diabetes distress per 100
person-years.

For depressive symptoms, the cumulative incidence
increased from 11.0% at 6 months to 33.0% at 24 months.
Thus, nearly a third of the sample developed elevated
depressive symptoms during the observation period
(Fig. 1b). The analysis overlooked 514.0 person-years in
which 101 incident cases were reported. Thus, there were
19.6 new cases of elevated depressive symptoms per 100
person-years.

The cumulative remission of diabetes distress rose from
29% at 6 months to 70.0% at 24 months (Fig. 1¢). The cumu-
lative remission of depressive symptoms rose from 30% at
6 months to 67.0% at 24 months (Fig. 1d). Remission rates
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were slightly higher among individuals with type 1 diabetes
for both diabetes distress and depressive symptoms.

Diabetes distress: Cox regression analysis of incidence and
remission The Cox proportional hazards model for the
event of experiencing diabetes distress was built on 1622
observations. In the present analysis, fewer than 50% of
participants had an incidence of diabetes distress during
the observation period. The first quartile of time-to-event
was 18 months, meaning that 25% of participants developed
clinically relevant diabetes-related distress within the first
1.5 years of observation. The analysis revealed that HbA
levels were significantly associated with an increased risk
of the event. Specifically, for each unit increase in concur-
rent HbA . (mmol/mol), the hazard of developing diabetes
distress increased by 2% (HR=1.02 [95% CI 1.00, 1.04],
p=0.022). In addition, gender was a significant predictor.
Male participants had a lower risk of the event than female
participants (HR=0.55 [95% CI 0.31, 0.98], p=0.043). The
duration of diabetes was also significant, with longer diabe-
tes duration associated with a slightly reduced hazard of the
event (HR=0.98 [95% CI 0.95, 1.00], p=0.025). Further-
more, individuals with baseline long-term complications had
more than double the risk of developing diabetes distress
than those without complications (HR=2.11 [95% CI 1.20,
3.71], p=0.009). Among the baseline psychiatric comorbidi-
ties, only anxiety disorders emerged as a significant predic-
tor, with affected individuals showing a 2.57-fold increased
hazard of developing diabetes distress (HR=2.57 [95% CI
1.10, 5.99], p=0.029). Figure 2 depicts the adjusted survival
curves for the incidence of diabetes distress, stratified by the
presence of an anxiety disorder.

In comparison, the diagnosis of neither prior depression
(HR=1.66 [95% CI 0.78, 3.56], p=0.191) nor eating disor-
ders (HR=0.46 [95% CI 0.15, 1.37], p=0.164) was signifi-
cantly associated with the hazard of experiencing diabetes
distress. The model demonstrated good fit, with a concord-
ance index of 0.757 (SE=0.034). The Wald test confirmed
the significance of the model (X2=54.69, p<0.001).

The Cox model for the remission of diabetes distress was
built on 411 observations. The median time to remission of
diabetes distress was estimated at 6 months (95% CI 6, 12).
This indicates that half of the individuals in the study experi-
enced remission of diabetes-related distress within the first 6
months, with the upper bound of the confidence interval sug-
gesting that this time frame could extend to 12 months. None
of the included predictors showed statistically significant
associations with the likelihood of remission. The model’s
concordance index was 0.672 (SE=0.05), suggesting a mod-
est fit. The Wald test did not show significant evidence that
the included predictors were collectively associated with
remission (p=0.2).
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Fig.2 Adjusted multivariable survival curves based on a Cox propor-
tional hazards model for the incidence of diabetes distress, stratified
by the presence of an anxiety disorder. All other covariates were held
constant (female gender, type 1 diabetes, absence of depression, eat-
ing disorder and complications, as well as average age, HbA . [mmol/
mol] and diabetes duration)

The results of the Cox regression analysis for incidence
and remission of diabetes distress are shown in Table 2.

As a sensitivity analysis, we repeated the Cox regression
models, replacing the dichotomous variable for prior depres-
sion diagnosis with the continuous PHQ-8 score as a time-
varying variable to account for current depressive symptom
burden. Notably, anxiety disorder remained a significant
predictor for the incidence of diabetes distress, and higher
concurrent PHQ-8 scores were associated with a lower like-
lihood of remission. Full model results are provided in elec-
tronic supplementary material (ESM) Tables 1 and 2.

Depressive symptoms: Cox regression analysis of incidence
and remission As regards the incidence of depressive symp-
toms, 1542 observations were included in the Cox model.
The median survival time was determined to be 24 months,
with the lower bound of the 95% CI at 18 months. Concur-
rent HbA | again was significantly associated with the out-
come: with each unit increase in HbA | . (mmol/mol), the risk
of developing depressive symptoms raised by 3% (HR=1.03
[95% CI 1.01, 1.04], p<0.001). A prior history of depression
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Table 2 Multivariable Cox regression: incidence and remission of diabetes distress (PAID) and depressive symptoms (PHQ-8)

Covariate HR (95% Cl); p value

Incidence (PAID)

1622 observations

Remission (PAID)

411 observations

Incidence (PHQ-8)

1542 observations

Remission (PHQ-8)

509 observations

HbA,_, mmol/mol 1.02 (1.00, 1.04); 0.022*

Age 0.99 (0.97, 1.01); 0.230
Male gender 0.55(0.31, 0.98); 0.043*
Type 2 diabetes 0.80 (0.38, 1.67); 0.552

0.98 (0.95, 1.00); 0.025*
2.11 (1.20, 3.71); 0.009*

Diabetes duration
Pre-existing long-term complica-

1.01 (0.99, 1.03); 0.400
1.02 (1.00, 1.05); 0.116
1.09 (0.65, 1.83); 0.754
0.55(0.25, 1.19); 0.129
1.01 (0.99, 1.03); 0.221
0.85 (0.46, 1.56); 0.594

1.03 (1.01, 1.04); 0.000%*3*

1.00 (0.98, 1.02); 0.887
0.84 (0.53, 1.34); 0.469
0.90 (0.51, 1.61); 0.734
0.99 (0.97, 1.01); 0.220
1.44 (0.92,2.27); 0.113

1.00 (0.98, 1.02); 0.848
1.02 (1.00, 1.04); 0.045*
0.91 (0.57, 1.45); 0.704
0.70 (0.37, 1.32); 0.270
1.00 (0.99, 1.02); 0.963
0.70 (0.42, 1.16); 0.165

tions
1.66 (0.78, 3.56); 0.191
2.57 (1.10, 5.99); 0.029*

History of diagnosed depression

History of diagnosed anxiety
disorder

History of diagnosed eating disorder 0.46 (0.15, 1.37); 0.164

0.98 (0.55, 1.77); 0.954 2.63 (1.46,4.71); 0.001*
1.15 (0.59, 2.23); 0.675

0.43 (0.16, 1.17); 0.099

0.69 (0.42, 1.16); 0.162

1.18 (0.58, 2.40); 0.650 0.55(0.26, 1.16); 0.118

2.20 (1.02, 4.75); 0.044* 0.80 (0.36, 1.76); 0.576

*p<0.05, #*¥%p<0.001

was a strong predictor, more than doubling the risk of onset
of repeated depressive symptoms (HR=2.63 [95% CI 1.46,
4.71], p=0.001). Figure 3 illustrates the adjusted survival
curves for the incidence of depressive symptoms, strati-
fied by the presence of prior depression. Additionally, the
presence of an eating disorder significantly increased the
hazard of depressive symptoms (HR=2.20 [95% CI 1.02,
4.75], p=0.044). Conversely, anxiety disorders were not sig-
nificantly associated with the hazard of developing depres-
sive symptoms (HR=1.18 [95% CI 0.58, 2.40], p=0.650).
The model fit was good, with a concordance index of 0.704
(SE=0.034). The Wald test indicated that the included pre-
dictors had a significant overall effect (X2=89.43, p<0.001).

For the remission of depressive symptoms, the Cox model
included 509 observations. In the analysis, the median sur-
vival time was observed to be 6 months (95% CI 6, 6). Only
age was significantly associated with the outcome. Specifi-
cally, each additional year of age increased the likelihood of
remission by 2% (HR=1.02 [95% CI 1.00, 1.04], p=0.045).
All other predictors showed no significant association. The
model had a reasonable fit with a concordance index of
0.710 (SE=0.041). The Wald test was significant (X2=21 17,
p=0.001).

The results of the Cox regression analysis for incidence
and remission of depressive symptoms are fully displayed
in Table 2.

As a sensitivity analysis, we repeated both Cox regres-
sion models, including the continuous PAID score as a time-
varying covariate to account for concurrent diabetes distress
levels. Higher concurrent diabetes distress was associated
with an increased risk of developing depressive symptoms
and with a lower likelihood of remission. Full model results
are provided in ESM Tables 3 and 4.

== No prior depression Prior depression

1.00

0.75 -

0.50 - ﬁ

Probability of depression-free survival

0.25 A
HR =2.63
p =0.001
0.00 -
0 6 12 18 24
Time (months)
Number at risk
= 67 67 40 34 13
419 419 322 242 134
0 6 12 18 24

Time (months)

Fig.3 Adjusted multivariable survival curves based on a Cox propor-
tional hazards model for the incidence of depressive symptoms, strati-
fied by the presence of prior depression. All other covariates were
held constant (female gender, type 1 diabetes, absence of depression,
eating disorder and complications, as well as average age, HbA,
[mmol/mol] and diabetes duration)
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Discussion

The present study provides important insights into the
incidence and remission of diabetes distress and depres-
sive symptoms in individuals with diabetes. The incidence
rates observed in this study highlight the dynamic nature of
these mental health outcomes, which is in line with previ-
ous research [29]. At 24 months, the cumulative incidence
reached 21% for diabetes distress and 33% for depressive
symptoms. In addition, remission of symptoms did not occur
in every case: nearly one-third of participants showed con-
sistently elevated levels of diabetes distress or depressive
symptoms. Taken together, these findings emphasise the
importance of systematically screening (every 6 months) and
monitoring psychological distress and depressive symptoms
as part of routine diabetes care, particularly for individuals
with suboptimal glycaemic outcomes or psychiatric comor-
bidities [29]. This is consistent with current international
guidelines such as the American Diabetes Association,
which recommends regular assessment and follow-up of
emotional well-being to identify emerging problems and
guide treatment adjustments [38].

Using Cox proportional hazards models, we analysed
time-to-event data while accounting for censored obser-
vations. Several predictors were identified as significantly
associated with the onset and remission of these mental
health conditions.

With regard to diabetes distress, the analysis revealed
that a quarter of participants developed clinically relevant
distress within the first 18 months of observation. Notably,
higher HbA | levels, female gender and the presence of dia-
betes-related complications significantly increased the risk
of developing diabetes distress. These findings are in line
with previous research suggesting that suboptimal glycaemic
management and diabetes-related complications are closely
tied to psychological burden in diabetes [3, 5, 7-9, 12]. The
protective effect of longer diabetes duration may reflect a
process of psychological adaptation over time. Interestingly,
anxiety disorders were the only psychiatric comorbidity sig-
nificantly associated with incident diabetes distress, while
prior depression and eating disorders were not.

In contrast, none of the predictors included was signifi-
cantly associated with the remission of diabetes distress.
Thus, no protective factors facilitating the remission of
elevated diabetes distress could be identified. The median
remission time was relatively short (6 months), indicating
that, in our study, diabetes distress was a transient condi-
tion. However, the modest model fit suggests that addi-
tional, unmeasured factors may play a role in the resolution
of distress.

Regarding depressive symptoms, the median time to onset
was estimated to be 24 months, indicating that depressive

@ Springer

symptoms emerge later than diabetes distress in the popula-
tion studied. HbA . again appeared as a robust risk factor,
reinforcing the notion that suboptimal metabolic outcomes
are not only physiologically but also psychologically conse-
quential, which is in line with previous research [18, 20, 30].
The strong association of prior depression with the recur-
rence of depressive symptoms highlights the chronic and
relapsing nature of depressive disorders. Additionally, the
presence of eating disorders significantly increased the haz-
ard for depressive symptoms, reflecting an interplay between
disordered eating, diabetes and mood [39—-41]. In contrast
with diabetes distress, anxiety disorders did not significantly
predict the onset of depressive symptoms. Existing studies
that used survival models, such as Cox proportional haz-
ards regressions, yielded inconsistent findings. For example,
Huang et al [31] observed, over a 1 year follow-up period,
lower incidence rates of depression only among men. Simi-
larly, Jacob and Kostev [30] found a reduced risk of depres-
sion in men with type 2 diabetes in a 10 year follow-up
study. Additionally, the presence of long-term complications
and elevated HbA | levels significantly increased the risk of
developing depression, which is in line with our findings.

The remission of depressive symptoms was more likely
in older individuals, suggesting that age may confer psy-
chological resilience. However, no other predictors reached
statistical significance. The median remission time was also
6 months.

In addition, the results challenge the notion of a lin-
ear continuum from diabetes distress to depression [2, 3].
These findings are consistent with recent network analytic
research by Mclnerney et al [42], who demonstrated that
diabetes distress, depressive symptoms and anxiety symp-
toms in individuals with type 2 diabetes form interrelated
but distinct symptom clusters. Their analysis revealed that
diabetes distress was connected to anxiety-related nodes,
particularly symptoms reflecting excessive worry and diffi-
culty relaxing. In our study, the different patterns of associa-
tions observed across outcomes support a model of distinct
aetiological pathways: while anxiety disorders significantly
predicted the onset of diabetes distress but not depressive
symptoms, a history of depression was strongly associated
with the incidence of depressive symptoms but not with dia-
betes distress. Therefore, the development of diabetes dis-
tress may be more closely tied to anxiety-related processes,
such as worry and disease-related fears. This interpretation
is supported by studies demonstrating a strong association
between hypoglycaemia-related fear and elevated levels of
diabetes distress [43, 44]. Depression, on the other hand,
may follow a more classical mood disorder trajectory, par-
ticularly in individuals with a prior history of depressive
episodes. It is crucial to understand these differences, as the
clinical implication is that diabetes distress and depression
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could benefit from differentiated intervention strategies.
Treating them as a single emotional construct could risk
overlooking specific needs. Interventions for diabetes dis-
tress might include structured education or support target-
ing illness-related fears, whereas depressive symptoms may
require approaches aligned with mood disorders.

Despite these differences, our sensitivity analyses also
point to a close temporal interplay between both constructs.
When including diabetes distress as a time-varying covari-
ate, higher distress predicted the incidence and reduced the
likelihood of remission of depressive symptoms. Likewise,
when depressive symptoms were modelled as a time-varying
covariate, it significantly predicted the course of diabetes
distress. These bidirectional associations suggest that fluc-
tuations in one condition may dynamically influence the
other over time, consistent with previous longitudinal find-
ings indicating reciprocal effects between diabetes distress
and depressive symptoms [45].

A key strength of the present study is the use of Cox
regression, which allowed for the modelling of time-to-event
while appropriately handling censored data, which is an
advantage over the traditional regression or growth models
often used in similar research.

However, several limitations of this study must be con-
sidered. First, the presence of depression, anxiety disorders
and eating disorders was based on self-reported lifetime his-
tory rather than current standardised diagnostic assessment,
which may have led to misclassification or under-reporting.
HbA . values were also self-reported. At each assessment,
participants were asked to provide their most recent HbA |,
value, which is typically measured every 3 months as part
of standard care in Germany. We therefore assume that
most of the reported values reflected measurements taken
within the past 3 months, although individual deviations
cannot be ruled out. Second, the models did not account for
potentially important time-varying covariates, such as the
initiation of advanced diabetes technologies (e.g. automated
insulin delivery systems) or changes in life circumstances
(e.g. the incidence of long-term complications, other ill-
nesses, career-/financial-/family-related worries and receipt
of psychological treatment), which could influence both gly-
caemic outcomes and psychological well-being over time.
Third, a methodological limitation of the survival analysis
approach is that participants are censored once the event
occurs, preventing the examination of subsequent fluc-
tuations within the same analytic framework. Finally, the
study sample may be subject to selection bias, as partici-
pants were drawn from a panel characterised by relatively
low HbA,_ levels and a high degree of engagement with
their diabetes management. Moreover, the sample may not
be representative of the broader population of people with
diabetes in Germany in terms of ethnicity, socioeconomic

status, or regional distribution, as the dia-link panel pri-
marily consists of educated, German-speaking adults who
voluntarily enrol to participate in research. This may limit
the generalisability of the findings to broader or more clin-
ically vulnerable populations. Gender was included as a
self-reported covariate in all analyses to examine poten-
tial gender-related differences. Male gender was associated
with a lower risk of incident diabetes distress. However,
as no participant identified as ‘diverse’, the analyses were
restricted to comparisons between women and men and do
not reflect the full complexity of gender-related influences.
Future studies should aim to include more diverse samples
and consider dynamic changes in both clinical and psycho-
social factors across time. Furthermore, type 1 and type 2
diabetes should be analysed separately, given their differ-
ing medical and psychological contexts. In addition, further
research is needed to clarify not only vulnerability factors
for the incidence of elevated diabetes distress and depres-
sion, but also potential protective factors associated with the
remission of this condition (e.g. resilience).

In summary, this study identifies suboptimal glycaemic
outcomes (HbA ) as a consistent predictor of both diabetes
distress and depressive symptoms, highlighting the psycho-
logical relevance of metabolic outcomes. Anxiety disorders
were specifically associated with the onset of diabetes dis-
tress, while eating disorders and a history of depression sig-
nificantly predicted the incidence of depressive symptoms.
These findings support the need for differentiated psycho-
logical monitoring and targeted interventions that address
distinct mental health risks in people with diabetes.
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