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ABSTRACT

Introduction Type 1 diabetes is burdensome, requiring
complex daily management and making people more
prone to emotional distress. To better detect diabetes-
related distress (DD) and identify at-risk patients, we
aimed to provide an in-depth characterization of DD in
people with type 1 diabetes.

Research design and methods We included adults with
type 1 diabetes from the Suivi en France des personnes
avec un Diabéte de Type 1 cohort who filled in the Problem
Areas in Diabetes questionnaire (PAID >40 indicates

high DD). Age and sex-adjusted multivariable logistic
regression models analyzed individual characteristics,
clinical indicators, diabetes-related complications and
psychological factors. We further analyzed DD according
to six data-driven subdimensions: emotional distress,
fear of complications, social distress, eating distress,
management distress, and diabetes burnout.

Results In total, 1220 participants (50.6% female, age 42
years (SD 13.9), diabetes duration 24.7 years (13.6)) had
a total mean PAID score of 39.6 (21.7) and 592 (48.5%)
reported high DD. Leading subdimensions of DD included
fear of complications (50.1 (24.4)) and diabetes burnout
(45.9 (24.5)). Females, younger age, social vulnerability,
smoking, and the presence of retinopathy were positively
associated with high DD (p<0.05). We observed similar
DD levels across HbA1c levels and treatment modalities,
including automated insulin delivery and continuous
glucose monitoring use. Several psychological factors,
such as anxiety/depression, poor sleep quality, and
treatment burden, were strongly associated with DD
(p<0.001).

Conclusions We provide a holistic clinical phenotyping
approach that enables the identification of determinants
and prevalence of DD, overall and according to key DD
subdimensions, in a large and diverse population. Our
results underscore the importance of developing DD-
targeted prevention and intervention strategies focused
specifically on high-risk groups and the most impactful
distress subdimensions to reduce the impact of type 1
diabetes burden.

Trial registration number NCT04657783.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= High diabetes-related distress (DD) is present in one
in four persons with type 1 diabetes and has been
associated with poor glycemic outcomes and poor
quality of life. To better detect and understand DD in
type 1 diabetes, this study aimed to identify at-risk
individuals and address gaps in existing research on
DD prevalence and determinants.

WHAT THIS STUDY ADDS

= We found high DD to be more common than previ-
ously described, affecting nearly half of respondents.
We identified potential determinants of DD, including
individual and diabetes-related characteristics, and
showed its centrality to other psychological factors.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= QOur findings provide new evidence for developing
targeted psychological prevention and intervention
strategies for better detection and management of
DD, particularly for high-risk groups and key DD
subdimensions identified in our study.

INTRODUCTION

Diabetes-related distress (DD) is character-
ized by the negative emotional or affective
experience resulting from the challenges and
demands of living with diabetes. This distress
is a response to having diabetes, distinguish-
able from, but often coexisting with, other
psychological disorders such as depres-
sion and anxiety.! High DD is estimated to
affect one in four individuals with type 1
diabetes,” impacting glycemic outcomes, self-
management behavior, and quality of life." ®
Previous studies have shown that factors like
female sex, younger age and unemployment
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are associated with higher levels of DD.*° Moreover,
the recent progress of continuous glucose monitoring
(CGM) and insulin therapy, in particular automated
insulin delivery (AID), is associated with some reduc-
tion in DD at the individual level but fails to reduce its
prevalence.’

With increasing focus on psychological health in
diabetes, monitoring DD has become part of clinical
guidelines.” Recent research? has begun to address the
previously identified gap in large-scale studies on the
prevalence and determinants of DD at the population
level.? However, the need for further research persists.®
Therefore, this study aims to provide an in-depth clin-
ical phenotyping of adults with type 1 diabetes according
to their levels of DD. Based on a large cohort study in
France, this comprehensive analysis seeks to expand
existing knowledge by exploring a broad range of indi-
vidual characteristics, clinical indicators, diabetes-related
complications, and psychological factors. By expanding
the scope and depth of analysis, we hope to uncover novel
insights and contribute to more targeted and effective
interventions for detecting, managing, and preventing
DD in adults with type 1 diabetes.

MATERIALS AND METHODS
Study design
This work is based on participants of Suivi en France des
personnes avec un Diabete de Type 1 (SFDT1), an ongoing
cohort study of people with type 1 diabetes attending
hospitals or private ambulatory diabetes centers located
in the entire French territory. The SFDT1 study combines
data based on patientreported outcomes (PROs), face-
to-face interviews, physical examinations, clinical assess-
ments, blood samples and CGM measures.” The SFDT1
ClinicalTrials.gov registration number is NCT04657783.
Sanoia supported the study protocol design, ethical
procedures, and implementation, and orchestrated the
data collection and data flows on its secure platform.
The current analysis is cross-sectional and includes
participants enrolled between December 2020 and
October 2023. In addition to the inclusion criteria of
this cohort study,” the present study analyzes variables
measured at baseline and only includes patients who
filled out the Problem Areas in Diabetes (PAID) ques-
tionnaire'’ (online supplemental figure S1). The PAID
questionnaire was self-reported and answered 3 months
after the inclusion.

Diabetes distress assessment

Our primary outcome was DD, assessed with PAID, a
20-item questionnaire measuring common diabetes-
related issues,'" completed remotely by the participants
3 months after inclusion. Each item is graded on a Likert
scale from O (not a problem) to 4 (serious problem).
Individual scores are added up and multiplied by 1.25,
generating a total score between 0 and 100, with >40 indi-
cating clinically significant high DD.*

Using the ‘psych’ R package, we performed exploratory
factor analysis (EFA) to identify DD subdimensions. First,
we calculated the Kaiser-Meyer-Olkin (KMO) index to
evaluate the sampling adequacy for the factor analysis.'*
Then, we determined the optimal number of factors to
retain using parallel analysis and scree plots.'> Given the
interrelated nature of psychological constructs,'* factors
were extracted using promax rotation to allow for poten-
tial correlation between PAID factors. Each factor was
considered a DD subdimension, and items were assigned
to the factor with the highest loading, indicating a
stronger correlation. Cronbach’s alpha coefficients were
computed for each factor to assess internal consistency
and reliability. Finally, we calculated the PAID subscores
by summing the respective item scores of each factor and
then normalizing them on a 0-100 scale for comparison.

Variables tested as determinants of diabetes distress
Individual characteristics

Age, sex, higher education (defined as 2 or more years
after high school), work status (categorized as employed,
student, retired or unemployed), social vulnerability
(measured using the Evaluation de la Précarité et des Inégal-
ités de santé dans les Centres d’Examens de Santé score with
a cut-off of >30.17 indicating vulnerability)'®, physical
activity (total metabolic equivalent of task minutes a
week using the short version of the International Physical
Activity Questionnaire)'®, alcohol consumption (catego-
rized as never, yes or excess—defined as more than three
drinks for females and four for males)'’, and smoking
status (categorized as never, past smoker or current
smoker).

Clinical indicators

Diabetes duration, insulin treatment (use of multiple
daily injections (MDI), an insulin pump, an insulin
pump combined with another device (open loop), or
AID systems), CGM use (categorized by device type: Free-
Style Libre I, FreeStyle Libre II-III, Dexcom, Medtronic,
or none), body mass index (body mass index, kg/mQ),
last glycated hemoglobin test (HbAlc (mmol/mol, %)),
systolic blood pressure (mm Hg), heart rate (ppm),
total cholesterol (mmol/L), high-density lipoprotein
(mmol/L), low-density lipoprotein (mmol/L) and
triglycerides (mmol/L). We also included CGM-derived
data: time below range (TBR, below 70 mg/dL or 3.9
mmol/L), time in range (TIR, between 70 and 180 mg/
dL or between 3.9 and 10.0 mmol/L), time above range
(TAR, above 180 mg/dL or 10.0 mmol/L), glycemic risk
index (GRI, evaluates the risk of acute hypoglycemic and
hyperglycemic events from four CGM variables)'” and
coefficient of variation (CV, %). The CGM data should
capture the 14 days before inclusion and capture at least
70% of the data, as mentioned in the Advanced Technol-
ogies & Treatments for Diabetes consensus recommenda-
tions.'® The sum of rounded values of TBR, TAR and TIR
should be between 98% and 102%.
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Diabetes-related complications

Severe hypoglycemia and diabetic ketoacidosis (DKA) as
acute complications (at least one event in the previous
year) and cardiovascular disease (CVD), retinopathy,
proliferative retinopathy, nephropathy, neuropathy, and
history of diabetic foot ulcer as long-term complications.
CVD was defined as any of the following: history of stable
angina, acute coronary syndrome, coronary artery bypass
graft, stroke, transient ischemic attack or hospitaliza-
tion for heart failure. Retinopathy diagnosis was based
on patient interview, retinography, fundus examination
and/or ophthalmologist consultation report. Prolifera-
tive retinopathy was defined as retinopathy with residual
new vessels. Nephropathy was defined as albumin/
creatinine ratio >3mg/mmolL or estimated glomerular
filtration rate <60 mL,/min/1.73 m*'"* 'Y Neuropathy was
defined according to the Michigan criteria (Michigan
Neuropathy Screening Instrument) 20

Psychological factors

Diabetes-dependent quality of life (measured using
the Audit of Diabetes-Dependent Quality of Life, with
an average weighted impact score ranging from -9
(worse) to +3)%, anxiety/depression (moderate to severe
symptoms assessed using question 5 of the EuroQol
5-Dimension 5-Level tool)?, sleep quality (assessed
using the Pittsburgh Sleep Quality Index, with a global
score of 0-21 and a cut-off of >5 indicating poor sleep
quality)23 # eating disorders (screened using the SCOFF
questionnaire, with a global score of 1-5, where a cut-
off >2 suggests a likely eating disorder) 25, insulin misuse
(assessed with two diabetes-specific questions added to
SCOFF: forget/underestimate insulin doses and take less
insulin than recommended), hypoglycemia awareness
(assessed using the Gold Score, where a score of 1-2 indi-
cates awareness, 3 is undetermined, and 4-7 indicates
impaired awareness)?, fear of hypoglycemia (measured
with the short form of the Hypoglycemia Fear Survey II),
providing separate behavioral and affective scores from 0
to 16)27, treatment burden (assessed using the Treatment
Burden Questionnaire, with a total score of 0—150)28 and
treatment satisfaction and glycemic burden (measured
with the Diabetes Treatment Satisfaction Questionnaire,
providing two separate factors scoring 0-36 and 0-12,
respectively)®.

Sociodemographic data, clinical data, and compli-
cations were collected at baseline during the inclusion
visit. All used questionnaires, used to assess psychological
factors and some individual characteristics, are validated
and adapted to French. Details about the setting and
timeline are provided in online supplemental figure S2.

Missing data and multiple imputation

Some data were missing (online supplemental table
S1). For all variables except glucose variables from CGM
devices (TBR, TAR, TIR, GRI and CV), assuming a missing
atrandom mechanism, we applied multiple imputations
using the chained equation approach with the ‘mice’ R

package.” We generated 40 imputed datasets based on
the maximum percentage of missing cases, following
White et als rule of thumb.” The number of iterations
was 15, in agreement with van Buuren, who proposed
that 5-20 iterations are enough to reach convergence.”
The author also stated that it is suitable to select between
15 and 25 variables as predictors of missing data. Accord-
ingly, the ‘quickpred()’ R function was used to select the
best 25 predictors, and the ‘vif()’ R function was used
to exclude highly correlated variables. Convergence was
assessed by checking means, variances, and visual repre-
sentations using the ‘ggmice’ R package.”

Analyses

All statistical analyses were performed using R software
(V.4.2.2). We calculated total and subdimensional PAID
scores and identified the top five items by mean score.
Participants were categorized into distress levels based
on PAID score ranges: low (<16), moderate (17-39),
and high (=40). These align with the threshold of 40 for
high distress and the recently suggested 17-39 cut-off for
moderate distress.”

We present the characteristics of the study population
overall and stratified by DD levels. Continuous variables
were summarized using means, SDs, and categorical vari-
ables as counts and percentages.

We used multivariable logistic regression models to
investigate associations between potential factors and DD
levels (reference level: low), adjusting for age and sex
due to their strong influence on DD.* Additionally, we
evaluated the correlation of different insulin treatment
modalities with PAID scores.

We pooled the estimates along with their SEs from
the multiple imputations, applying Rubin’s rules,”® and
converted them into ORs and 95% CIs using exponen-
tiation. Continuous predictor variables were scaled to
standardize their units, allowing for meaningful compar-
isons between variables. Categorical variables remained
unscaled, with their ORs comparing the odds of the
outcome for each category relative to a reference cate-
gory. Statistical significance was determined at an alpha
level of 0.05. The p values were corrected for multiple
tests using the Benjamini-Hochberg method.™

We performed a sensitivity analysis to evaluate potential
selection bias. This involves comparing the characteris-
tics of included participants to those excluded, particu-
larly non-completers of the PAID questionnaire.

RESULTS

We analyzed data from 1220 adults with type 1 diabetes
in France, covering 39 diabetic centers (online supple-
mental figure S3). The mean age was 42.0 (SD 13.9) years,
with average diabetes duration at 24.7 (13.6) years, and
617 (50.6%) were females. Among SFDT1 respondents,
775 (63.5%) used insulin pumps, of which 150 (19.4%)
used AID, 1145 (93.9%) employed CGM systems, and
the mean HbAlc level was 7.6 (1.2) %. Participants who
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a. Mean sub-dimensional and total PAID scores.

*40 is the threshold for high diabetes distress

TOTAL

Management distress
Emotional distress
Fear of Complications
Social distress

Eating distress

Diabetes burnout

b. Top-5 items (primary concerns).

. Worry about the future and the possibility of
serious complications

. Coping with diabetes-related complications

Feelings of guilt or anxiety when getting off
track with your diabetes management

mental and physical energy every day

Feeling burned out from the constant effort

o

20
Mean PAID Score

c. Distribution of mean PAID score by age & sex.

. Feeling that diabetes takes too much of your

40* required to manage diabetes

d. Distribution of mean PAID scores across insulin treatment

modalities.

- Male -* Female

. Social distress

Diabetes
burnout

Management
distress

Il oA

Emotional . . Fear of

e 60 distress . Eating distress . Complications
o 50 o 50
IS} 15}
O O
w w
2 40 2 40
o R R "E‘ ““““ i et a— TTTT B
C c
® [
Q [}
= =30

20 20

18-28  29-35  36-45  46-55  56-82 Pump only Open-loop
Age Range *p<0.05 for sex and age-adjusted linear regression models (reference. MDI)

Figure 1 Problem Areas in Diabetes (PAID) characteristics in Suivi en France des personnes avec un Diabéte de Type 1

(SFDT1). (a) Comparison of PAID scores by diabetes distress subdimensions. (b) Top five (ie, higher mean) PAID items. (c)
Comparison of total PAID scores by age and sex. (d) Comparison of PAID scores across insulin treatment modalities. (c and
d) Dashed lines at y=40 indicate threshold for high diabetes distress. AID, automated insulin delivery; MDI, multiple daily

injections.

did not complete the PAID questionnaire (n=966) were
predominantly male, younger, and had poorer glycemic
control, and the majority were using MDI as their insulin
treatment (online supplemental table S2).

The overall KMO index was 0.96, indicating very good
suitability for EFA,*® which was used to identify DD subdi-
mensions. Principal axis factoring with promax rotation
extracted a six-factor solution, which explained 51% of
the total variance (online supplemental table S3). The
factors, representing DD subdimensions, were labeled
following Dennick et als conceptualization study of
DD': emotional distress (0=0.90), fear of complica-
tions (0=0.73), social distress (0=0.78), eating distress
(0=0.78), management distress (0=0.74), and diabetes
burnout (0=0.86).

The mean PAID score was 39.6 (21.7), with the distribu-
tion of DD as follows: 213 participants (17.5%) in the low
level, 415 (34%) in the moderate level, and 592 (48.5%)
in the high level. The primary source of distress was fear
of complications, as evidenced by a mean score of 50.1

(24.4) in this subdimension (table 1, figure 1a). Worrying
about the future and serious complications (item 12) had
the highest individual mean score (2.4 (1.1)), with 48.8%
of participants considering it a somewhat serious (score
3) or serious problem (score 4). This item, together with
feelings of guilt or anxiety about diabetes management
(item 13) and coping with complications (item 19),
constituted the top three items (figure 1b; top five are
highlighted).

Tables 1 and 2 show the distribution of all explana-
tory variables across DD levels. Significant differences
between moderate or high DD levels and the reference
category, low DD, are highlighted in bold, with signifi-
cance levels indicated by asterisks. The ORs and CIs from
these associations are detailed in online supplemental
tables S3 and S4.

Our analysis revealed that female sex and younger age
were strongly linked to increased DD levels. This relation-
ship is visually depicted in figure lc; specifically, females
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Table 1 Clinical phenotyping of SFDT1 cohort: diabetes distress scores and individual and clinical characteristics of adults
with type 1 diabetes and their associations with PAID levels

Diabetes distress levels

(cut-off scores) Overall population Low (0-16) Moderate (17-39) High (40-100)

n (%) 1220 213 (17.5) 415 (34) 592 (48.5)

Variable

PAID

Total score (0-100) 39.6 (21.7) 9.2 (4.9) 28.5 (6.4) 58.3 (12.8)

Dimensions (0-100)
Emotional distress 36.5 (27.2) 4.5 (5.9 22.2 (12.6) 58.1 (20.5)
Fear of complications 50.1 (24.4) 18.7 (13.3) 42.6 (16.1) 66.6 (17.8)
Social distress 26.6 (25.9) 2.2 (4.8) 14.2 (14.2) 44.1 (24.6)
Eating distress 37.2 (26.6) 10.2 (11.9) 28.6 (19.2) 52.9 (24.3)
Management distress 37.6 (26.7) 9.2 (14.9) 27.5 (20) 55 (21.2)
Diabetes burnout 45.9 (24.5) 11.8 (8.8) 35.2 (12) 65.6 (14.8)

Individual

Age, years 42.0 (13.9) 445 (15.4) 42.8 (14.1) 40.5 (12.9)*

Female 617 (50.6%) 69 (32.4%) 206 (49.6%)*** 342 (57.8%)***

Higher education
Work status
Employed (reference)
Student
Retired
Unemployed
Social vulnerability
Physical activity, MET
Alcohol consumption
Never (reference)
Yes, but no excess
Yes, in excess
Smoking status
Never (reference)
Past smoker
Current smoker
Clinical
Diabetes duration, years
Insulin treatment
MDI (reference)
Insulin pump
Open loop
AID
AID duration, years
CGM use

FreeStyle Libre | (reference)

Dexcom
FreeStyle Libre Il or 1l
Medtronic

794 (65.1%)

886 (72.6%)

82 (6.7%)

110 (9%)

142 (11.6%)
245 (20.1%)
2422.0 (1828.7)

364 (29.8%)
812 (66.6%)
44 (3.6%)

688 (56.4%)
300 (24.6%)
232 (19%)

24.7 (13.6)

443 (36.3%)
338 (27.7%)
289 (23.7%)
150 (12.3%)
0.9 (0.8)

399 (32.7%)
113 (9.3%)

469 (38.4%)
164 (13.4%)

137 (64.3%)

139 (65.3%)

17 (8%)

33 (15.5%)

24 (11.3%)

28 (13.1%)
2283.8 (1635.3)

57 (26.8%)
145 (68.1%)
11 (5.2%)

119 (55.9%)
64 (30%)
30 (14.1%)

27.2 (14.6)

88
50

41.3%)
23.5%)
41 (19.2%)
34 (16%)
0.9 (0.8)

—_ o~ —~

64 (30%)
27 (12.7%)
72 (33.8%)
34 (16%)

286 (68.9%)

307 (74%)

29 (7%)

38 (9.2%)

41 (9.9%)

65 (15.7%)
2361.9 (1815.6)

107 (25.8%)
299 (72%)
9 (2.2%)

255 (61.4%)
92 (22.2%)
68 (16.4%)

25.5 (13.7)

148 (35.7%)
116 (28%)
107 (25.8%)
44 (10.6%)
0.8 (0.8)

140 (33.7%)
29 (7%)

165 (39.8%)
54 (13%)

371 (62.7%)

440 (74.3%)

36 (6.1%)

39 (6.6%)

77 (13%)

152 (25.7%)**
2513.8 (1900.4)

200 (33.8%)
368 (62.2%)
24 (4.1%)

314 (53%)
144 (24.3%)
134 (22.6%)*

23.2 (13.1)

207 (35.0%)
172 (29.1%)
141 (23.8%)
72 (12.2%)
1(0.9)

195 (32.9%)
57 (9.6%)
232 (39.2%)
76 (12.8%)

Continued
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Table 1 Continued

Diabetes distress levels

(cut-off scores) Overall population Low (0-16) Moderate (17-39) High (40-100)
None, traditional reader 75 (6.1%) 16 (7.5%) 27 (6.5%) 32 (5.4%)
BMI, kg/m? 26.3 (5.1) 26.3 (4.6) 26.2 (4.8) 26.4 (5.5)
HbA1c, % 7.6(1.2) 7.4 (0.9) 7.5(1.1) 7.7 (1.4)
HbA1c, mmol/mol 59.5 (13.4) 57.8 (10.3) 58.4 (12.5) 60.9 (14.8)
TBR (<70mg/dL), % of time 4.7 (5.7) 4.1 (4.6) 5.2 (5.6) 4.6 (6.1)
TIR, % of time 59.5 (16.3) 61.4 (16.2) 61.8 (14.7) 57.1 (17.1)
TAR (>180mg/dL), % of time 35.8 (17.4) 34.6 (16.3) 33 (15.9) 38.2 (18.5)
GRI, % 59.2 (30) 54.3 (28.4) 57 (28.7) 62.6 (31.1)
Coefficient of variation, % 37.9 (7.6) 37.9(7.7) 38 (7.4) 37.8(7.7)
Systolic blood pressure, mm Hg 124.4 (15.8) 126.4 (15.4) 124.5 (16.4) 123.6 (15.4)
Heart rate, bpm 76.1 (13.4) 75.2 (13.2) 75.4 (14.2) 76.8 (12.8)
Total cholesterol, mmol/L 4.6 (1) 4.6 (0.7) 4.5(0.9) 4.7 (1.1)
HDL, mmol/L 1.6 (0.5) 1.6 (0.5) 1.6 (0.5) 1.6 (0.5)
LDL, mmol/L 2.5(0.8) 2.5(0.7) 2.5(0.8) 2.6 (0.8)
Triglycerides, mmol/L 1(0.5) 0.9 (0.4) 0.9 (0.5) 1(0.5)

PAID scores per DD level: 0-16 (low); 17-39 (moderate); 40-100 (high).
*0.01<p<0.05, **0.001<p<0.01, **p<0.001.

(Min-max) indicates the minimum and maximum values for that variable.

AID, automated insulin delivery; BMI, body mass index; bpm, beats per minute; CGM, continuous glucose monitoring; DD, diabetes-related
distress; GRI, glycemic risk index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MDI, multiple daily injections; MET, metabolic
equivalent of task; PAID, Problem Areas in Diabetes; SFDT1, Suivi en France des personnes avec un Diabete de Type 1; TAR, time above

range; TBR, time below range; TIR, time in range.

were shown to have an average increase of 8.4 points in
PAID scores compared with males.

Results from the age and sex-adjusted logistic regres-
sion models indicated that social vulnerability and
current smoking were positively associated with high
DD. Although clinical indicators did not reach statistical
significance, there was a notable increase in HbAlc and
GRI values from the low to high DD categories.

Our study found no association between PAID levels
and diabetes duration, use of CGM or use of AID
(table 1). Variations in DD between insulin treatment
modalities were minor, with only a significant increase in
social distress among insulin pump users and a reduction
in eating distress among AID users, compared with the
reference modality, MDI (figure 1d).

Among diabetes-related complications, only retinop-
athy was significantly associated with DD. Regarding
psychological determinants, anxiety/depression, eating
disorders, insulin misuse, impaired awareness of hypo-
glycemia, fear of hypoglycemia, treatment and glycemic
burden were positively associated with high DD. Diabetes-
dependent quality of life and sleep quality were nega-
tively associated with DD.

A deeper examination of these associations indicated
that psychological factors had the strongest associa-
tion with DD (as shown by the highest ORs in figure 2
and detailed in online supplemental tables S4 and S5).

Among individual characteristics, female sex showed the
strongest association, followed by social vulnerability.

DISCUSSION

Main findings

This study explored the associations between various
factors and DD among adults with type 1 diabetes who
completed the PAID questionnaire (n=1220). We found
a substantial prevalence of DD, with nearly half of the
participants experiencing high distress (PAID>40).

Prevalence of DD

The study conducted by Hernar et al in 2023 in Norway"
stands out due to its large sample size of 10186 partic-
ipants with type 1 diabetes, making it one of the most
comprehensive investigations into the determinants
of DD to date. The authors found a DD prevalence in
21.7% of their respondents, with a mean PAID score of
25.4 (18.4), notably lower than the 48.5% prevalence
and a mean score of 39.6 (21.7) observed in our study.
This disparity might be attributed to differences in demo-
graphic compositions, such as the higher percentage
of females (50.6% vs 46.0%) and younger individuals
(mean age 42.0 years vs 46.7 years) in our population,
which are factors associated with increased DD. More-
over, geographical differences might play a role in
the prevalence of DD, particularly the more favorable
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Table 2 Clinical phenotyping of the SFDT1 cohort: diabetes-related complications and psychological factors of adults with
type 1 diabetes and their associations with PAID levels

Diabetes distress levels

(cut-off scores) Overall population Low (0-16) Moderate (17-39) High (40-100)
n (%) 1220 213 (17.5) 415 (34) 592 (48.5)
Variable
Complications
Acute complications (at least one event in the
previous year)
Severe hypoglycemia 128 (10.5%) 20 (9.4%) 32 (7.7%) 76 (12.8%)
Diabetic ketoacidosis 59 (4.8%) 6 (2.8%) 21 (5.1%) 32 (5.4%)
Long-term complications
CVD 59 (4.8%) 13 (6.1%) 18 (4.3%) 28 (4.7%)
Retinopathyt 450 (36.9%) 70 (32.9%) 151 (36.4%) 229 (38.7%)*
Proliferative retinopathy 77 (6.3%) 11 (5.2%) 25 (6%) 41 (6.9%)
Nephropathy 141 (11.6%) 24 (11.3%) 55 (13.3%) 62 (10.5%)
Neuropathy 501 (41.1%) 94 (44.1%) 177 (42.7%) 230 (38.9%)
History of DFU 31 (2.5%) 6 (2.8%) 8 (1.9%) 17 (2.9%)
Psychological
Impact on diabetes-dependent QoL (-9, 3) -2.6 (1.7) -1.3(1.1) -2.1 (1.5)*** -3.3 (1.7)***
Anxiety/depression 294 (24.1%) 16 (7.5%) 69 (16.6%)* 209 (35.3%)***
Poor sleep quality 673 (55.2%) 72 (33.8%) 193 (46.5%) 408 (68.9%)***
Eating disorders 146 (12%) 11 (5.2%) 27 (6.5%) 108 (18.2%)**
Forget/underestimate insulin doses 298 (24.4%) 28 (13.1%) 83 (20%) 187 (31.6%)***
Take less insulin than recommended 212 (17.4%) 16 (7.5%) 63 (15.2%) 133 (22.5%)***

Hypoglycemia awareness status

Aware (reference)

Undetermined

Impaired awareness
Behavioral avoidance of hypoglycemia (0-16)
Affective fear of hypoglycemia (0-16)
Treatment burden (0-150)
Treatment satisfaction (0-36)
Glycemic burden (0-12)

707 (58%)

144 (67.6%)

248 (59.8%)

315 (53.2%)

246 (20.2%) 32 (15%) 78 (18.8%) 136 (23%)*
267 (21.9%) 37 (17.4%) 89 (21.4%) 141 (23.8%)**
6.5 (2.7) 6.2 (2.9) 6.2 (2.6) 6.8 (2.6)

4.5 (3.2) 2.9 (2.4) 4 (3.1)* 5.5 (3.2)***
58.3 (29.4) 32.6(23.5) 51.2 (25.6)** 72.6 (25.4)*
27.1 (4.9) 29.7 (3.5) 27.9 (4.3)*** 25.6 (5.2)***
4.9(1.8) 4.2 (2) 47 (1.7) 5.3 (1.8)***

PAID scores per DD level: 0-16 (low); 17-39 (moderate); 40-100 (high).

*0.01<p<0.05, *0.001<p<0.01, **p<0.001.

(Min-max) indicates the minimum and maximum values for that variable.

135% of retinopathy diagnosis was extracted from patient interviews only.
CVD, cardiovascular disease; DD, diabetes-related distress; DFU, diabetic foot ulcer; PAID, Problem Areas in Diabetes; QoL, quality of life;
SFDTA, Suivi en France des personnes avec un Diabete de Type 1.

socioeconomic conditions encountered by individuals in
Norway, as opposed to those in France.”’

Our analysis also aligns with some studies and diverges
from others across different geographical regions.
Grulovic et al's 2022 study in Croatia®™ reported a DD
prevalence of 36% among 100 participants, with a mean
PAID total score of 31.9 (21.1). Mach et al's® research in
Canada found that 45% of participants (n=200) scored
high on DD using the PAID-5 scale,* which is closer to
our study’s prevalence rate. Similarly, Embaye et al's 2023

study across the Netherlands and Italy*' revealed that
54.6% of participants reported elevated DD. The high
percentage of female participants (78.7%) in Embaye et
al’s study emphasizes the substantial effect of sex. Lastly,
Huisman et al’s 2023 study in the Netherlands® reported a
28% DD prevalence, with a mean total PAID score of 29.0
(21.1). Notably, this was the only study where PAID was
administered during a clinical visit rather than remotely,
which could have implications for participant responses
due to the possible social desirability bias—‘make your
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Figure 2 Clinical phenotyping of Suivi en France des personnes avec un Diabete de Type 1 (SFDT1) cohort participants:
significant associations (p<0.05) between study variables and moderate (circle) and high (triangle) diabetes distress levels
(reference: low). Red: positive association (OR>1). Blue: negative association (OR<1). The lines represent ORs and 95% Cls
from age and sex-adjusted multivariable logistic regression models. Age and sex variables are adjusted for each other. DD,

diabetes-related distress; QolL, quality of life.

doctor happy’ effect. Previous research supports that this
effectis in the direction of interviewer-administered ques-
tionnaires underestimating mental health state, as partic-
ipants are motivated to respond in a way they believe is
expected by the clinician.*

These comparisons suggest the multifaceted nature of
DD prevalence, influenced by factors such as geograph-
ical location, sociodemographic characteristics and PAID
administration modes, that can shape the emotional
experiences of individuals with type 1 diabetes.

DD subdimensions

The top five items identified in our study replicate
previous findings,! * * except for item 9 (‘worrying
about low blood sugar reactions’). However, it is essen-
tial to acknowledge its relevance given the elevated mean
score (50.1 (24.4)) shown in the fear of complications

subdimension, where this item is included. Indeed, the
leading subdimensions within our cohort are fear of
complications and diabetes burnout, the last capturing
the sense of being heavily loaded or overwhelmed by the
demands of managing diabetes. Interestingly, DD related
to social relationships appears to be a minor concern
among our participants, suggesting that this subdimen-
sion may not be as pressing as worrying about complica-
tions and the challenges and burden of self-management.

Despite the lack of a strong and significant correla-
tion between current clinically diagnosed complications
(other than retinopathy) and DD levels, the subdimen-
sion fear of complications emerges as the primary source
of distress. These results indicate an increased fear of
severe complications and coping with other complica-
tions that also include the daily challenges and minor
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complications associated with diabetes management,
such as insulin management issues or fear of hypogly-
cemia. Moreover, there is a trend linking severe hypogly-
cemia and DKA events with DD levels (table 2); however,
these correlations may not have reached significance due
to a lack of statistical power.

Determinants of DD

Our analysis revealed that using advanced diabetes
management technologies such as CGM and AID does
not directly correlate with lower DD. The only subdimen-
sion of DD that was reduced in the participants using
AID systems was eating-related distress (figure 1d). This
finding emphasizes that while AID systems can address
specific regimen challenges, they do not fully alleviate
the emotional and psychological challenges associated
with living with diabetes, such as the feeling of being
burned out by diabetes management, as supported by
the IMPLIQUE study, a multicentre longitudinal real-life
study conducetd in French university hospitals.®

Our study confirms that female sex and younger age
are associated with higher levels of DD. Notably, the
difference between females and males is very marked,
with the first reporting substantially higher PAID scores.
Smoking is associated with high DD, as noted in other
studies.* Additionally, we observed that social vulnera-
bility has a strong association with DD, emphasizing the
need for socioeconomic-appropriate support services
and interventions. Moreover, the significant correlation
of smoking status with DD and the observed trend in
increased physical activity (table 1) suggests that lifestyle
factors play a role in the emotional well-being of individ-
uals with type 1 diabetes.

We observed increased HbAlc and GRI values from low
to moderate to high DD (table 1). While not statistically
significant, this trend aligns with previous studies*** that
suggest tighter glycemic control is associated with lower
DD. However, it is interesting that no direct correlation
was found to CGM use (table 2). This suggests that while
CGM is beneficial for achieving management targets, the
relationship between these and DD is not bound to CGM
use alone.

Our study reveals the central role of DD in diabetes
burden, demonstrated by the significantly strong correlation
between almost all mental health determinants, assessed
with several PROs, and PAID levels (table 2; figure 2). Our
results align with previous studies,1 34141 yhich found that
individuals experiencing higher DD also report increased
depression scores, disordered eating behaviors, lower self-
management actions, diminished self-esteem and lower
quality of life. Furthermore, our study enhances the under-
standing of DD by analyzing its correlations with sleep
quality, insulin misuse, hypoglycemia awareness, treatment
and glycemic burden, and treatment satisfaction.

Strengths and limitations
In our analysis, there is a risk of selection bias. To
assess this, we conducted a sensitivity analysis (online

supplemental table S2), which showed that the char-
acteristics of individuals who did not respond to the
PAID questionnaire included factors typically associ-
ated with both higher (eg, lower age) and lower (eg,
fewer females) levels of DD. While these opposing
effects may suggest a minimal impact on the overall
prevalence of DD in our study, further research is
needed to fully understand any potential influence.
Additionally, the study encompasses a diverse array
of centers representing various regions of France and
different healthcare settings, thereby mitigating the
risk of selection bias.

The inherent limitations of the cross-sectional study
design constrain the capacity to establish temporal
relationships between the study variables and the
observed levels of DD. Furthermore, it is essential to
note that the PAID questionnaire was administered
3months after the baseline visit. It may introduce
additional limitations, as changes in participants’
conditions or treatment regimens during this period
could influence the reported scores.

Despite these limitations, a key strength of our
study is the large and diverse sample size, which
allows for a comprehensive analysis of DD among
adults with type 1 diabetes. To our knowledge, our
analysis in the SFDTI1 study is the second largest
(after Hernar et al)* and the most comprehensive
clinical and digital phenotyping of people with type
1 diabetes according to their levels of DD, as it inte-
grates individual, clinical, complications-related, and
psychological characteristics and a joint analysis of
DD overall and according to key DD subdimensions.
The adherence to robust methodological standards
and a high-quality dataset enhances the validity of
our results.

Future directions

Prevention-focused, tailored interventions that specifically
target DD reduction are essential, especially for high-risk
groups (eg, females, younger age, socially vulnerable) and
key distress subdimensions, such as fear of complications and
diabetes burnout. For example, cognitive-behavioral therapy
tailored to DD often involves identifying and managing
negative thoughts related to mood, beliefs about diabetes,
and selfmanagement challenges.” This could help patients
reduce high levels of fear of complications and diabetes
burnout by enhancing stress management skills. Moreover,
psychoeducational initiatives focused on the link between
physical and mental health may also prevent escalating and/
or reducing DD.

Future studies should investigate the centrality of DD
within the spectrum of diabetes burden. Moreover, there
is a need to better assess how technological advancements,
like AID systems, can be optimized to address psychological
dimensions of diabetes care. These types of studies, ideally
in varied geographical and cultural contexts, could expand
on our work to enhance the generalizability of our findings.
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Finally, longitudinal research is crucial to unraveling the
temporal dynamics of DD," offering insights into its onset,
progression, or the long-term effects of various interven-
tion strategies. Such studies could inform on the pathways
through which reduced DD can also improve glycemic
outcomes. Additionally, while CGM use provides clear bene-
fits for diabetes management, these advantages may not
directly correlate with reductions in DD. It is important to
address this complex relationship to better understand the
dynamics between glycemic control, DD, and the use of
CGM in diabetes management.

CONCLUSION

We found high DD to be more common than previously
described, affecting nearly half of the large SFDT1 study
participants, regardless of their therapeutic modality. We
identified potential determinants of DD and its subdimen-
sions, including sociodemographic factors, such as social
vulnerability and sex, which were shown to be strongly
correlated with high DD. We also showed the central role of
DD to other dimensions of diabetes burden.

Our findings highlight the need for more holistic
and tailored prevention and intervention strategies that
address the psychological and emotional dimensions of
diabetes, alongside the clinical aspects.
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