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Aims: To investigate levels and changes in diabetes distress over the course of the PRIORITY (Proteomic predic-
tion and Renin angiotensin aldosterone system Inhibition prevention Of early diabetic nephRopathy In people
with TYpe 2 diabetes and normoalbuminuria) randomised controlled trial of screening for diabetic kidney dis-
ease (DKD) risk among people with type 2 diabetes (T2D) at a specialist diabetes clinic in Denmark.
Methods: Of 436 trial participants with T2D, 216 were invited to complete the 17-item diabetes distress scale at
the time of screening (T1, n = 180), immediately after receiving the screening results at 6–8 weeks (T2, n =
169), and at 12months follow up (T3, n = 107). Linear mixed models were used to explore changes in diabetes
distress.
Results: No significant changes in diabetes distress were observed between the time of screening, receiving re-
sults, and at 12 months. Changes in diabetes distress were not influenced by diabetes empowerment, sense of
coherence, or perceived support for diabetes self-management.
Conclusions: In contrast to previous studies demonstrating that screening programmes canhave negative psycho-
logical consequences, our findings indicate that participating in this screening programme for DKD does not in-
fluence emotional burden or physician-related distress among people with T2D.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

People with diabetes have increased mortality and morbidity.
Diabetes-related complications include macrovascular complications
such as cardiovascular disease and microvascular complications such
as nephropathy, neuropathy, and retinopathy, which are associated
with lower quality of life and high healthcare costs.1 Identification and
appropriate treatment of people with type 2 diabetes mellitus (T2D)
at high risk of developing diabetes-related complications are core
disease management activities.2

Identification of people at risk of diabetic kidney disease (DKD)
typically occurs through screening for albuminuria and kidney function
at routine visits when people are still without symptoms of DKD.3

However, the urinary proteomics classifier CKD273 has been suggested
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as an improved marker for early identification of people at high risk of
DKD compared to traditional methods.4 The clinical multicentre
intervention trial PRIORITY (Proteomic prediction and Renin angioten-
sin aldosterone system Inhibition prevention Of early diabetic
nephRopathy In people with TYpe 2 diabetes and normoalbuminuria)
used this method to screen for future risk of DKD in people with T2D
and normal kidney function.5 Little is known about the effect of risk
assessment for diabetes complications among people with T2D. Studies
of psychological effects of screening often focus on reactions to screen-
ing results, rather than the effects of participating in a screening
programme regardless of the results. Studies have shown that cancer
screening programmes can have negative psychological consequences
for participants, regardless of screening results.6 However, other studies
show that screening for melanoma, for example, does not worsen
psychological well-being7 and that screening for T2D does not cause
increased anxiety levels.8,9 A recent review including 22 studies
concluded that psychological distress was low for participants in cancer
screening programmes.10 The psychological effects of screening for
diabetes complications in people with existing disease may differ from
the effects of screening for illness, such as cancer or T2D, among healthy
people. But similarly, to the screening situation for cancer, screening for
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complications such as eye or kidney disease can reveal the complica-
tions at a stage where treatment is beneficial but where the individual
has no symptoms of the complication. In addition, the psychological ef-
fect may depend on the specific screening context, such as information,
guidance, and support provided during the screening process.

Psychosocial problems are highly prevalent in people with
diabetes.11 They include mental health disorders and psychological
distress specifically related to living with diabetes.12 Diabetes distress
reflects an emotional response to diabetes and refers to worries,
concerns, and fears experienced by people with diabetes. A recent
meta-analysis including 55 studies with N35,000 participants demon-
strated that 36% of people with T2D experience diabetes distress.13

Diabetes distress is defined by the context of diabetes and is linked to
specific stressors such as worrying about complications.14 Therefore, it
is likely that screening for DKD and presenting screening results to par-
ticipants may increase diabetes distress. Furthermore, diabetes distress
is associated with difficulties in diabetes self-management and high
HbA1c.15–17 Studies have found that peoplewith a high level of diabetes
empowerment have lower diabetes distress than do those with a low
level of diabetes empowerment.18 How people with diabetes view
their life in terms of their sense of coherence can also influence their
psychological well-being.19 In addition, high levels of social support
are associated with reduced psychosocial problems in people with
T2D,20,21 including low levels of diabetes distress.22 Thus, it is possible
that any changes in diabetes distress following screening for DKD are in-
fluenced by diabetes empowerment, sense of coherence, and social
support.

The aim of this study was to investigate levels and changes in diabe-
tes distress in individuals with T2D undergoing a screening programme
for future risk of DKD and to examinewhether diabetes empowerment,
sense of coherence, and social support moderate these changes. A sec-
ond aimwas to examine possible subgroup differences in changes in di-
abetes distress between participants with low versus high DKD risk,
based on CKD273 score.

2. Methods

2.1. Study design and participants

The sample is a subsample of the Danish PRIORITY study population.
The purpose and design of the PRIORITY study have been described in
detail elsewhere.5,23 PRIORITY inclusion criteria were: T2D, age 18–
75 years, preserved kidney function (estimated glomerular filtration
rate [eGFR] N 45 ml/min/1.73 m2) and normoalbuminuria (2 of 3 urine
samples with albumin to creatinine ratio [UACR] b 30 mg/g). Partici-
pants in the Danish part of the PRIORITY study were recruited from an
outpatient clinic at a specialist diabetes clinic and fromgeneral practices
near the specialist clinic. In the PRIORITY study, participants were
randomised to a treatment group, a placebo comparator group or an ob-
servational group based on their CKD273 risk score. The treatment
group (high risk) received 25 mg Spironolactone once daily and stan-
dard care, the placebo group (high risk) received a placebo tablet and
standard care, and the observational group (low risk) received only
standard care. All participants were provided an extra consultation at
the specialist diabetes clinic as part of the screening study. The present
study investigates levels and changes in diabetes distress among all
Danish participants across the study period, but does not explore the ef-
fect of the PRIORITY intervention due to a low number of trial partici-
pants (people with a high risk score).

The sub study beganwhile the PRIORITY trial was under way; half of
Danish PRIORITY participants had already been screened for DKD risk
and were not eligible for recruitment. Thus, 216 of 436 participants in
the Danish PRIORITY study population were asked to participate.
Timepoint T1 consisted of a screening visit at which urine samples
were collected for CKD273 analysis, and one of the study investigators
informed potential participants about the CKD273 risk score and the
course of the study. Potential participants were invited to participate.
Written consent was obtained, and participants were asked to fill out
a questionnaire. Following CKD273 analysis, participants were
categorised as at high or low risk of DKD. Six to eight weeks after T1,
an investigator communicated the individual risk category to all partic-
ipants, regardless of DKD risk group, at a second visit (T2), allowing
ample time for questions and discussion of potential concerns in rela-
tion to the screening result. In addition, before using anymedication in-
cluded in the study, participants were asked to complete the
questionnaire again. Twelve months later, they were asked to complete
the questionnaire for the final time at a follow-up visit (T3). The study
was approved by the local ethical committee and monitored in accor-
dance with Good Clinical Practice.23

2.2. Measures

The full Diabetes Distress Scale (DDS17)was administered to partic-
ipants; however, for the purpose of this study, only the emotional bur-
den (5 items) and physician-related distress (4 items) subscales were
analysed. The emotional burden domain includes questions related to
emotions such as “feeling that diabetes controls my life”. Furthermore,
emotional burden includes the item “Feeling that I will end up with se-
rious long-term complications, no matter what I do”, which was ex-
plored as a single item due to the study's focus on risk of
complications. The physician-related distress domain was selected as
an outcome measure to explore whether the screening programme af-
fected the relationship with the health care professional. Physician-
related distress includes, for example, “feeling that my doctor does not
give me clear enough directions on how tomanagemy diabetes”. Possi-
ble scores on each item range from 1 (‘not a problem’) to 6 (‘a very se-
rious problem’). The diabetes distress subscale scores were calculated
by dividing the total domain score by the number of items in the do-
main, with scores ranging from 1 (no distress) to 6 (high distress).
Scores ≥2 indicate moderate to high distress.

Diabetes empowerment was measured by the Diabetes Empower-
ment Scale-Short Form (DES-SF).24 The DES-SF contains eight questions
designed to assess psychosocial self-efficacy among people with diabe-
tes. The total score was calculated as the average of the total sum of the
eight items and ranged from 1 (low diabetes empowerment) to 5 (high
diabetes empowerment). Sense of coherence (SOC) was measured
using a 13-itemquestionnaire focusing onmeaningfulness, comprehen-
sibility, and manageability.25 The total score was calculated as the aver-
age of the total sum of the scale items and ranged from 1 (low sense of
coherence) to 7 (strong sense of coherence). Social support was mea-
sured by the DAWN Support for Diabetes Self-Management Profile
(DSDSP).26,27 It explored how supportive four potential support pro-
viders had been in helping the respondent manage diabetes over the
past 12 months, with scores ranging from 1 to 12 (least to maximum
support). Missing data on the DDS17, DES-SF, SOC, and DSDSP scales
were imputed using individual mean imputation.28 Four participants
did not answer any item on the DSDSP scale at T1, and scores were
not imputable. In addition to the questionnaires obtained at T1, T2,
and T3, information on age, gender, diabetes duration, body mass
index (BMI), haemoglobin A1c (HbA1c), systolic and diastolic blood
pressure (BP), ischemic heart disease, history of stroke, and smoking
status were obtained during a clinical interview at T2. UACR was mea-
sured between T1 and T2 and eGFR at T1.

2.3. Statistical methods

Study variables were examined with descriptive statistics. Histo-
grams were used to examine distributions of key variables. Differences
between PRIORITY participants who were invited and not invited to
participate and differences between respondents and non-
respondents at T1, T2, and T3 were explored using Chi-squared tests
for categorical variables, Student's two-sided t-tests for continuous
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normally distributed variables, andMann-Whitney tests for continuous
non-normally distributed variables.

Multivariate linear regression models were used to examine base-
line associations between mean scores on the emotional burden and
physician-related distress subscales, the single item on worry about fu-
ture complications, and other study variables (patient characteristics
and questionnaire data). Backwardmodel selectionwas used to identify
the best model fit.

Linear mixed-effects models (LMMs) using restricted maximum
likelihood estimation were used to explore changes in diabetes distress
over time. LMMs allow analysis of changes in the dependent variable
based on the full range of data while taking into account that repeated
measurements within the same individual are not independent.29 Two
models were constructed for each diabetes distress outcome variable
of interest: 1) a crude model including timepoint adjusted for
individual-specific intercepts and slopes and 2) an adjusted model
that included baseline values of variables found to be significantly corre-
lated with diabetes distress domains in the cross-sectional analyses as
fixed effects alongside the intercept and timepoint. Interactions be-
tween timepoint and low/medium versus high levels of diabetes em-
powerment, sense of coherence and perceived support for diabetes
self-management were subsequently included to test for between-
group changes and effect modification. An unstructured covariance
structure for the random parameters provided the best model fit. P
values b0.05 were considered statistically significant. All analyses
were performed in Stata 15.

3. Results

3.1. Sample characteristics and retention

Of 216 PRIORITY participants invited to participate in this sub study,
180 (83%) agreed and completed the questionnaire at T1. Significant dif-
ferences existed between individuals enrolled in the PRIORITY trial who
were invited to participate in this study and those who were not
Table 1
Characteristics of PRIORITY trial and substudy participants.

PRIORITY trial
participants
(n = 436)

Not invited to participate in
substudy
(n = 220)

Age (years) 60.4 (9.4) 60.1 (9.3)
Women, n (%) 152 (34.9) 62 (28.2)
Diabetes duration (years) 11.7 (7.5) 12.7 (7.9)
BMI (kg/m2) 30.6 (5.6) 30.2 (5.4)
HbA1c (mmol/mol) 57 (12) 58.1 (12)
Systolic BP (mmHg) 133.0 (11.9) 133.7 (11.5)
Diastolic BP (mmHg) 80.4 (9.4) 78.3 (9.2)
eGFR 87.5 (16.2) 87.3 (15.6)
UACR (mg/g) 5.9 (3.7, 9.8) 5.8 (4.0, 8.5)
High risk for DKD, n (%) 64 (14.7) 41 (18.6)
Ischemic heart disease, n (%) 53 (12.2) 29 (13.2)
Stroke, n (%) 24 (5.5) 14 (6.4)
Smoking status, n (%) – –

Never smoker 216 (49.7) 100 (45.5)
Previous smoker 160 (36.8) 86 (39.1)
Smoker 59 (13.6) 34 (15.4)

Emotional burden – –
Physician-related distress – –
Worries about future
complications

– –

DES score – –
SOC score – –
DSDSP score – –

Data are given as mean (SD) or median (IQR) unless other is stated.
Note: Diabetes duration, HbA1c, blood pressure, eGFR, and smoking status each had one mis
imputable.
Abbreviations: BMI, bodymass index; BP, blood pressure; DES, Diabetes Empowerment Scale; D
SD, standard deviation; SOC, sense of coherence; UACR, urinary albumin to creatinine ratio.

a Respondents at T1 did not vary on any study variable from those who did not participate, a
(Table 1). Individuals invited to participate had shortermeandiabetes du-
ration and higher mean diastolic blood pressure, compared to those who
were not invited, andmorewomen and fewer people with high DKD risk
were invited to participate. No differenceswere found inHbA1c, UACR, or
eGFR. There were no significant differences between invited participants
who completed the questionnaire at T1 (n=180) and thosewho did not
(n = 36), nor were there differences between respondents and non-
respondents across the study period (results not shown). At T2 and T3,
169 and 107 respondents, respectively, completed the questionnaire. At-
tritionwas 6% (n=11) from T1 to T2 and 37% (n=62) from T2 to T3. At
T1, T2, and T3, five (3%), seven (4%) and one (1%) respondents, respec-
tively, had single missing items on the emotional burden subscale that
were imputed, and one (1%) respondent had four missing items at T1.
For the physician-related distress subscale, four (2%), three (2%) and
seven (4%) respondents respectively had one, two, and three missing
items at T1 that were imputed. At T2, three (2%) respondents had three
missing observations on the physician-related distress subscale, while,
at T3, two (2%) and one (1%) respondent had one and three missing
items, respectively. Excluding respondents with more than one missing
scale item from the analysis did not significantly change the results.

Total scores on the emotional burden subscale, the physician-related
distress subscale, and the item on worry about future complications
were 1–4.6 (median = 1.6, IQR = 1.2–2.4), 1–4 (median = 1.4, IQR =
1.0–1.5) and 1–6 (median = 2.0, IQR = 1.0–3.0), respectively. The pro-
portion of respondentswith elevated levels (mean score ≥2) of emotional
burden and physician-related distress was 39% (n = 70) and 16% (n =
28), respectively. With respect to worrying about future complications,
68% (n=122) of respondents reported it was amoderate to very serious
problem. The proportion of overallmoderate to high distress (full DDS17)
was 29% (n = 52).

3.2. Associations between diabetes distress scores and other study variables

Table 2 shows beta coefficients for cross-sectional baseline associa-
tions between mean diabetes distress scores and the study variables
Invited to participate in
substudy
(n = 216)

P value of
difference

Substudy respondents at
T1
(n = 180)a

60.8 (9.5) 0.403 61.2 (9.4)
90 (41.7) 0.003 73 (40.6)
10.6 (6.9) 0.003 10.3 (7.0)
31.0 (5.7) 0.095 31.0 (5.8)
56.1 (12) 0.094 56 (11)
132.3 (12.3) 0.222 132.5 (12.2)
82.4 (9.3) b0.001 82.4 (9.4)
87.6 (16.8) 0.879 86.8 (16.1)
5.9 (3.8, 8.7) 0.017 6.0 (3.9, 8.6)
23 (10.7) 0.018 20 (11.1)
24 (11.1) 0.508 19 (10.6)
10 (4.6) 0.427 10 (5.6)
– 0.183 –
116 (54.0) – 97 (54.2)
74 (34.4) – 63 (35.2)
25 (11.6) – 19 (10.6)
– – 1.86 (0.8)
– – 1.36 (0.6)
– – 2.20 (1.1)

– – 3.8 (0.7)
– – 4.9 (1.0)
– – 2.0 (0.7)

sing observation. Social support had four completely missing observations and was not

KD, diabetic kidney disease; DSDSP, DAWNSupport for Diabetes Self-Management Profile;

nd there were no differences between respondents and non-respondents at T1, T2, and T3.



Table 2
Associations between diabetes distress subscales and study variables at baseline.

Variable Emotional burden Physician-related distress Worries about future complications

Age −0.017⁎ (0.006) – −0.025⁎ (0.008)
Female gender 0.269⁎ (0.111) – 0.331⁎ (0.156)
HbA1c, mmol/mol 0.011⁎ (0.005) – 0.015⁎ (0.007)
DES score – −0.191⁎ (0.065) −0.284⁎ (0.769)
SOC score −0.277⁎⁎ (0.059) – –

Constant 3.278⁎⁎ (0.534) 2.080⁎⁎ (0.250) 3.490⁎⁎ (0.769)
Adjusted r-squared 0.227 0.040 0.133
Observations, n 179 180 179

Note: Standard errors are in parentheses.
⁎ P b 0.05.
⁎⁎ P b 0.01.
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as predicted in backward selected multiple linear regression
models. When adjusting for the other variables in the model,
lower age, lower SOC, being female, and higher HbA1c were asso-
ciated with higher emotional burden. Only higher DES was found
to be associated with lower physician-related distress. Experienc-
ing worries about future complications was associated with lower
age, lower DES, being female and higher HbA1c.
3.3. Longitudinal analysis

Table 3 shows mean DDS and subscale scores at T2 and T3 rela-
tive to T1, as estimated by the LMMs. No significant changes were
found on mean emotional burden and physician-related distress
scores or the single item on worry about future complications at
T2 and T3 compared to T1 for crude and adjusted models.
Adjusting for combinations of age, gender, HbA1c, DES, and SOC
as defined separately for each outcome only had a small effect on
the results. No significant changes in any of the diabetes distress
outcome variables were found at T2 and T3, relative to T1, when
stratifying the study sample on low/medium versus high levels of
DES, SOC, and DSDSP. In addition, there were no significant differ-
ences in between-group changes (results not shown). Due to the
low number of respondents with high risk of DKD in this sub
study (n = 20 [T1], n = 20 [T2], n = 9 [T3]) and a risk of selection
bias compared to the total PRIORITY study population, stratified
analyses were not performed on diabetes distress changes be-
tween low and high DKD risk groups as well as intervention vs.
placebo groups.
Table 3
Predicted mean diabetes distress scores at T2 and T3, relative to T1.

T1
(n = 180)

Emotional burden
Crude 1.86 (0.06)

[1.74–1.99]
Adjusteda 1.85 (0.05)

[1.75–1.96]
Physician-related distress

Crude 1.36 (0.04)
[1.28–1.45]

Adjustedb 1.35 (0.44)
[1.26–1.44]

Worries about future complications
Crude 2.17 (0.08)

[2.00–2.33]
Adjustedc 2.16 (0.08)

[2.01–2.34]

Note: Standard errors are in parentheses; 95% confidence intervals are in brackets. Coefficients
a Adjusted for age, gender, HbA1c, and SOC.
b Adjusted for DES.
c Adjusted for age, HbA1c, and SOC.
4. Discussion

The rationale behind screening for diabetes complications in people
with T2D is to identify individuals at risk, usually before there are any
symptoms due to the complication and provide appropriate treatment
to optimise physical health and quality of life. Annual screening for
most complications is recommended inmost diabetes care guidelines.30

A potential risk related to screening for complications is to induce and/
or increase diabetes distress, including worry about diabetes complica-
tions. Overall, the results of this study showed that screening for DKD
did not induce or increase diabetes distress in this particular context.

A recent review showed that risk perception of diabetes-related
complications in people with T2D is often characterised by low aware-
ness of risk.31 Thus, it is likely that participation in this screening
studymay have increased participants' awareness of the risk of compli-
cations and related concerns. Other studies have reported unrealistic
pessimism and overestimation of personal risk of complications
among people with T2D.31 If participants in this study experienced un-
realistic concern at the beginning of the screening programme, the
ample time given to discussing accurate personal risks of complications
postscreeningmight have decreasedworry about complications. The re-
cent meta-analysis of the prevalence of overall diabetes distress among
people with T2D found that 38% experience diabetes distress; studies
using the DDS17 found an average prevalence of diabetes distress of
42%.13 One of the studies in the meta-analysis also reported 63% preva-
lence of emotional burden and 25% prevalence of physician distress. In
contrast, the prevalence we observed at T1 was lower at 29% for overall
distress, 39% for emotional burden, and 16% for physician distress. Al-
though participants' distress level was low, they did not become more
Mean change, T1 to T2
(n = 169)

Mean change, T1 to T3
(n = 107)

−0.02 (0.04)
[−0.10–0.06]

−0.02 (0.06)
[−0.14–0.10]

−0.002 (0.04)
[−0.08–0.08]

0.006 (0.06)
[−0.11–0.13]

−0.04 (0.04)
[−0.11–0.03]

−0.11 (0.06)
[−0.23–0.01]

−0.02 (0.04)
[−0.09–0.05]

−0.09 (0.06)
[−0.21–0.03]

−0.11 (0.07)
[−0.25–0.04]

−0.05 (0.09)
[−0.22–0.13]

−0.10 (0.07)
[−0.24–0.05]

−0.02 (0.09)
[−0.20–0.16]

for fixed effect covariates not shown.
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worried after participation in the screening study. The information and
support provided by the health care professionals during the screening
programme may have prevented increases in distress.

Consistent with previous studies, younger age, being female, higher
HbA1c, and lower DES scores were found to be strongly associated with
higher diabetes distress in the cross-sectional analyses.18,32 However,
the meta-analysis noted above demonstrated an association only be-
tween higher distress and being female; younger age and having a
high HbA1cwere not related to distress.13We also found an association
between SOC and emotional burden that has not been previously re-
ported and indicates an association between experienced sense of co-
herence and emotional distress. Despite the findings of our cross-
sectional analysis, age, gender, HbA1c, diabetes empowerment, sense
of coherence, and social support did not substantially influence the lon-
gitudinal results. Future studies should investigate factors that facilitate
maintaining low levels of distress when assessing and discussing risk
with people with diabetes.

Strengths of our study include the fact that validated scales
were used to measure diabetes distress, diabetes empowerment,
sense of coherence, and social support, a high response rate and
a thorough description of participant characteristics. Some baseline
characteristics were self-reported; however, they were monitored
in accordance with Good Clinical Practice.23 Although there were
no differences in measured characteristics between respondents
and non-respondents at T2 and T3, those invited to participate dif-
fered from those who were not invited to participate. People who
were invited to participate in our study had shorter mean diabetes
duration and higher mean diastolic blood pressure and included
more women and fewer people with high risk of DKD. This might
reflect the fact that participants were initially recruited from the
outpatient clinic at the specialist diabetes clinic. After the diabetes
distress study was under way, participants with less complicated
diabetes from general practices near the specialist clinic were
also recruited. Few study participants were at high risk of DKD,
which precluded the possibility of analysing differences in changes
in diabetes distress among people at high versus low risk of DKD.
Similarly, the overall diabetes distress level in the study population
was relatively low. Finally, this study took place at a single diabe-
tes specialist clinic, and the results may not be generalisable to
other types of settings or other types of risk screening
consultations.

Future studies related to how screening processes affect people
with T2D would benefit from larger sample sizes that include more
people at high risk of DKD or other complications, such as retinop-
athy. Future studies could also benefit from investigating the effect
of screening of diabetes complications in populations with higher
levels of diabetes distress, as well as populations with a larger var-
iation in diabetes distress levels. This study was conducted in a
trial setting with time allocated by dedicated staff to inform partic-
ipants about screening and results, which may assist in maintain-
ing low initial diabetes distress levels. Screening as part of
routine clinical activities with less dedicated time might have a
different effect, such as an increased diabetes distress, and should
be investigated in future studies.

4.1. Conclusions

This study suggests that this way of screening for diabetic kid-
ney disease does not negatively influence emotional or physician-
related distress among people with T2D. Future studies could ben-
efit from investigating screening of complications in larger popula-
tions with greater variation in diabetes distress as well as
screening for other diabetes related complications. Comparing dis-
tress changes between people who do and do not participate in a
complications screening study would also contribute to knowledge
about possible effects of screening for diabetes complications.
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