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OBJECTIVE

To assess the prevalence of high diabetes distress and associated factors in the
Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY2) study
cohort of young adults with youth-onset type 2 diabetes.

RESEARCH DESIGN AND METHODS

Participants completed the Diabetes Distress Scale (DDS) at end-of-study visits.
Factors examined for association with high distress were demographic (sex, race/
ethnicity, age, education, income), medical (HbA1c, BMI, complications), psycho-
logical (depressive and anxiety symptoms), and social (number in household, off-
spring, health care coverage, established with diabetes care provider). Univariate
logistic regression identified factors associated with high distress that were con-
trolled for in multivariate logistic regressions.

RESULTS

Of 438 participants, 66% were female (mean age 26.8 years, 18% non-Hispanic
White, 37% non-Hispanic Black, 38% Hispanic). High distress (DDS ‡2) was
reported by 105 (24%) participants. Subscales identified 40% with high regimen
distress and 29.7% with high emotional burden. A greater percentage of those
with high distress were female (P 5 0.002), diagnosed with hypertension
(P 5 0.037) and retinopathy (P 5 0.005), treated with insulin, had higher HbA1c,
and had moderate to severe depressive and anxiety symptoms (all P < 0.001). In
multivariate analyses, female sex (P < 0.001), HbA1c (P < 0.001), anxiety symp-
toms (P 5 0.036), and lack of health care coverage (P 5 0.019) were associated
with high distress, after controlling for potential confounders. Moderate to
severe depressive symptoms were associated with high regimen distress
(P 5 0.018) and emotional burden (P < 0.001); insulin treatment was associated
with high emotional burden (P5 0.027).

CONCLUSIONS

Future research should identify modifiable factors associated with high diabetes
distress in young adults with youth-onset type 2 diabetes that may inform dis-
tress interventions with this medically vulnerable group.

Diabetes distress is defined as the negative feelings and emotional burdens associ-
ated with living with the challenges and demands of diabetes, including feeling
burned out, overwhelmed, anxious, defeated, and depressed (1,2). In a meta-analy-
sis, significant diabetes distress was identified in �36% of adults with type 2
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diabetes (3). In a diverse community
sample, 45.4% reported at least moder-
ate distress (4). Diabetes distress per-
sists over time and is associated with
poor glycemic control, self-care, and
health-related quality of life (4–7). Fac-
tors associated with high distress are
female sex (3), younger age, and shorter
diabetes duration (8); low social support
(9); and being a member of a minority
racial or ethnic group (10). These find-
ings are from middle- to older-aged
adults who developed type 2 diabetes
as adults or people with type 1 diabetes.
There has been a concerning increase in
the incidence of type 2 diabetes in youth
(11), but nothing is known about diabetes
distress in younger adults or those with
youth-onset type 2 diabetes. The Treat-
ment Options for Type 2 Diabetes in Ado-
lescents and Youth (TODAY) study (2004–
2011) examined the relative efficacy of
three treatment regimens in a large,
diverse sample of youth and adolescents
with youth-onset type 2 diabetes (12).
Participants (N 5 699) who were 10 to
<18 years old, diagnosed with type 2
diabetes (American Diabetes Association
[ADA] 2002 criteria) <2 years earlier, and
had a BMI $85th percentile, negative
pancreatic antibodies, and fasting C-pep-
tide levels >0.6 ng/mL were recruited at
15 U.S. centers.

After the intervention trial, an obser-
vational follow-up study (TODAY2, 2011–
2020) assessed changes in various fac-
tors over time, and the relationship of
these changes to comorbidities/compli-
cations durng young adulthood (13). A
measure of diabetes distress was com-
pleted by TODAY2 participants at end-of-
study (EOS) visits.

The objectives of our analyses were
to 1) assess the prevalence of high dia-
betes distress in the TODAY2 cohort; 2)
identify key sources of distress; 3) iden-
tify individual factors (e.g., sex, race/
ethnicity) associated with diabetes dis-
tress; and 4) determine whether medi-
cal (HbA1c, insulin use, complications,
BMI), psychological (depressive symp-
toms, anxiety symptoms), or social (lack
of health care coverage, lack of health
care provider) factors were associated
with high diabetes distress. TODAY2 was
an observational study; this report is
exploratory with no specific a priori
hypotheses.

TODAY
A detailed description of the TODAY
protocol (Clinicaltrials.gov identifier:
NCT0008132) and primary outcome
results have been published (12). Briefly,
participants were eligible if they were 10
to <18 years old and had type 2 diabetes
(ADA 2002 criteria) of <2 years duration.
Other inclusion criteria were BMI $85th
percentile, fasting C-peptide level >0.6
ng/mL, and negative for pancreatic auto-
antibodies. The primary aim (2004–2011)
was to compare the effects of three treat-
ments on time to treatment failure,
defined as loss of glycemic control (i.e.,
HbA1c $8% [64 mmol/mol]) for 6 months
or inability to wean from temporary insu-
lin after acute metabolic decompensation.
Youth and adolescents (N 5 699) from 15
U.S. clinical centers were enrolled and
randomly assigned to one of three treat-
ment arms: metformin monotherapy,
metformin 1 rosiglitazone, or metformin
1 intensive lifestyle intervention. Partici-
pants were followed longitudinally for 2–6
years. After an average 3.9 years of fol-
low-up, 319 (45.6%) participants reached
the primary outcome. The metformin 1
rosiglitazone group demonstrated a signifi-
cantly lower rate of treatment failure than
the metformin-alone group (12).

TODAY2
At the end of TODAY, 572 participants
enrolled in a follow-up study, TODAY2. In
phase 1 (2011–2014), participants were
assessed quarterly and received standard-
of-care diabetes treatment from the
TODAY team, using metformin and/or
insulin as needed. In phase 2 (2014–
2020), 518 remaining TODAY participants
transitioned to an observational study
involving annual assessments; diabetes
care was managed by community pro-
viders. Average total length of follow-up
was 10.2 years after randomization. The
composition of cohorts in each phase
was highly consistent with the original
TODAY cohort (13). TODAY and TODAY2
were approved by the institutional review
boards at all 15 centers. Participants
and guardians provided written informed
assent and/or consent, as appropriate.

RESEARCH DESIGN AND METHODS

Design
This cross-sectional study used data
gathered in the TODAY2 study. TODAY2
participants completed the Diabetes

Distress Scale (DDS) at EOS visits (April
2019–January 2020). Of the 458 TODAY2
participants who completed EOS visits,
457 completed the DDS. After removing
19 diagnosed with maturity-onset diabe-
tes of the young, 438 were included in
these analyses (Fig. 1).

At EOS visits, participants also com-
pleted depressive and anxiety symptom
questionnaires and a health care usage
survey asking whether they had a routine
diabetes care provider and health care
coverage. Other EOS assessments inc-
luded HbA1c, BMI, blood pressure (BP),
and diagnoses of retinopathy, nephropa-
thy, neuropathy, and dyslipidemia. EOS
data gathered from the TODAY2 database
included age, sex, race/ethnicity, years of
education, income, number of people in
household, and number of offspring. All
assessment procedures were defined per
the TODAY2 study protocol (13).

Measures

Diabetes Distress

The DDS is a 17-item self-report ques-
tionnaire with good internal reliability
and validity (4,14). It lists emotions and
stressors associated with living with type
2 diabetes. The respondent rates how
much of a problem each has been over
the past month (1 5 not a problem,
6 5 very significant problem). There are
four subscales that explore type of dis-
tress: emotional burden (feeling over-
whelmed, fearful), regimen distress
(feeling badly about not managing diabe-
tes well), interpersonal distress (receiving
insufficient support from family/friends),
and physician distress (worries about
health care provider expertise and sup-
port). Mean item scores are calculated to
yield overall and subscale mean scores.
Per recommendation, a score $2 defines
clinically significant distress, here labeled
high diabetes distress, and a score <2
defines low diabetes distress (4).

Depressive Symptoms

The Patient Health Questionnaire 8 (PHQ-
8) is an eight-item self-report question-
naire that assesses presence and severity
of depressive symptoms over the past 2
weeks (15,16). It assesses eight symptoms
of depression (a ninth symptom, suicidal
ideation, was omitted, as is common in
research protocols). Respondents indicate
whether they have experienced symptoms
(i.e., low level of interest in doing things,
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feeling down/depressed, difficulty sleeping,
low energy, disrupted eating, feeling badly
about oneself, inability to concentrate,
sluggishness/agitation) from 0 5 not at all
to 3 5 nearly every day. The PHQ-8 has
shown excellent reliability and validity and
is widely used as a tool to screen for prob-
able major depressive disorder, defined as
DDS score $10 (17). We used this cutoff
to define moderate to severe depressive
symptoms.

Anxiety Symptoms

Generalized Anxiety Disorder 7 (GAD-
7) is a seven-item self-report ques-
tionnaire that assesses the presence
and severity of symptoms of general-
ized anxiety disorder over the past 2
weeks. Respondents indicate whether
they have experienced symptoms (e.g.,

anxiety, restlessness, irritability) from
0 5 not at all to 3 5 nearly every day.
It has excellent reliability and validity
(18,19) and is recommended for anxiety
disorder screening (20), using a score of
$10 to define moderate to severe
anxiety symptoms.

Medical Measures
All medical assessments were com-
pleted at annual visits. Fasting blood
samples were processed according
to standard protocols; assays (HbA1c,
dyslipidemia) were performed at the
Northwest Lipids Research Laboratory.
BMI was determined with standardized
anthropometric measurements. Diabe-
tes complications/comorbidities (retino-
pathy, nephropathy, neuropathy, dysli-

pidemia) were diagnosed as previously
described (12), as briefly defined below.

Hypertension

BP was measured at every visit. Hyper-
tension was diagnosed if BP was $95th
percentile for age, sex, and height; if
systolic BP was $130 mm Hg and/or
diastolic BP was $80 mm Hg at three
consecutive visits; or if the participant
was being treated with antihypertensive
medication.

Dyslipidemia

LDL cholesterol dyslipidemia was diag-
nosed if the participant had consecutive
values $130 mg/dL (3.37 mmol/L). Tri-
glyceride dyslipidemia was diagnosed if
consecutive values were $150 mg/dL
(1.69 mmol/L) or if there was a single
elevated lipid value followed by treat-
ment with lipid-lowering medications.

Nephropathy

Urine was collected annually, and if the
sample showed abnormal albuminuria
values, the test was repeated on a first-
morning sample. A urine albumin-to-
creatinine ratio $30 mg/g defined mod-
erately increased albuminuria; $300
mg/g on at least two of three assess-
ments defined severely increased albu-
minuria.

Neuropathy

Participants completed the Michigan Neu-
ropathy Screening Instrument and under-
went a monofilament examination, at
annual visits. A screening score >2 on at
least two consecutive assessments was
defined as abnormal. The monofilament
examination was abnormal if <8 of 10
responses were correct on at least two
consecutive assessments.

Retinopathy

Fundus photography was performed;
masked examiners graded photos at a
central reading center. Eye disease
was diagnosed according to the Early
Treatment Diabetic Retinopathy Study
scale or if clinically significant macular
edema was present in either eye.

Statistical Analyses
Descriptive statistics and univariate
logistic, multivariate logistic, and lin-
ear regression analyses were used.
Continuous variables are reported as

Enrolled in TODAY (2002-2004)

N = 699

Enrolled in TODAY2 (2006-2010)

N = 572

Completed End of Study (EOS) Visit
(2019)

N = 458

Low DDS

N = 333

High DDS

N = 105

Lost to follow-up: N = 115

Completed DDS Ques�onnaire

N = 457

Included in the analysis

N = 438

Diagnosed with MODY: N = 19

Figure 1—Flowchart depicting participant enrollment and retention. MODY, maturity-onset dia-
betes of the young.

diabetesjournals.org/care Trief and Associates 531

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/3/529/670478/dc211689.pdf by guest on 19 M
ay 2023



mean ± SD and categorical data as
frequency counts and percentages.
Descriptive statistics were calculated
to describe participants’ characteris-
tics for the overall group and by high
(DDS $2) versus low (DDS <2) diabe-
tes distress, high versus low regimen
distress, and high versus low emo-
tional burden. Regimen distress and
emotional burden subscales had a
significant percentage of respondents
who scored $2; thus, their data were
included in analyses. Interpersonal
distress and physician distress sub-
scales had low endorsement rates
(15.3% and 8.3%, respectively) and
were not considered further; scores
on these subscales are included in
the overall DDS. Trajectories of selected
continuous variables that had been col-
lected longitudinally were summarized
using a time-weighted average, consid-
ering the duration when the participant
was $19 years of age. Outcome varia-
bles were considered present if the con-
dition had been diagnosed at any point

since the age of 19 years (early adult-
hood). Groups (high vs. low diabetes
distress, regimen distress, and emo-
tional burden) were compared on these
variables using t tests (continuous) and
x2 tests (categorical). P < 0.05 was con-
sidered statistically significant. Univari-
ate logistic regression (n 5 438) was
used to identify factors associated with
high diabetes distress, regimen distress,
and emotional burden. Those found to
be significant in univariate models and
some characteristics selected a priori
were adjusted for in multivariate logistic
regression models. Thus, multivariate
logistic regression analyses were adj-
usted for sex, HbA1c, insulin treatment,
hypertension, race/ethnicity, education,
health care coverage, anxiety symp-
toms, depressive symptoms, and reti-
nopathy. Nine participants lacked a
retinopathy measure and 1 lacked the
anxiety measure; data of those 10 par-
ticipants were not included in multivari-
ate analyses (n 5 428). Associations are
expressed using odds ratios with the

corresponding 95% CIs. Associations
with diabetes distress as a continu-
ous outcome were assessed using
linear regression models. Statistical
analyses were performed using SAS
9.4 (SAS Institute, Cary, NC) and R
3.6.0 software.

RESULTS

Participant characteristics (n 5 438) are
provided in Table 1. The diverse sample
was predominantly female (66%) and low
income (62% with an annual income of
<$25,000). Participant health characteris-
tics are provided in Table 2. On average,
the group had poor glycemic control
(mean ± SD HbA1c 9.2 ± 2.5% [77 ± 4
mmol/mol]), and more than one-half
(52%) were treated with insulin.

In this group of young adults with
youth-onset type 2 diabetes, 105 (24.0%)
reported high diabetes distress (DDS $2).
Subscale scores showed that 40.0% had
high regimen distress and 29.7% high
emotional burden. Of those in the high
diabetes distress group, 92.4% reported

Table 1—Participant characteristics

TODAY2 EOS visits

Overall
(n 5 438)

DDS <2
(n 5 333)

DDS $2
(n 5 105) P

RD <2
(n 5 263)

RD $2
(n 5 175) P

EB <2
(n 5 308)

EB $2
(n 5 130) P

Female 287 (66) 205 (62) 82 (78) 0.002 163 (62) 124 (71) 0.055 192 (62) 95 (73) 0.031

Race/ethnicity 0.677 0.011 0.744

Non-Hispanic Black 160 (37) 121 (36) 39 (37) 99 (38) 61 (35) 113 (37) 47 (36)
Non-Hispanic White 79 (18) 64 (19) 15 (14) 57 (22) 22 (13) 59 (19) 20 (15)
Hispanic 167 (38) 125 (38) 42 (40) 94 (36) 73 (42) 115 (37) 52 (40)
Other 32 (7) 23 (7) 9 (9) 13 (5) 19(11) 21 (7) 11 (8)

Age (years) 26.8 ± 2.5 26.8 ± 2.4 27.0 ± 2.8 0.554 26.8 ± 2.4 26.9 ± 2.6 0.746 26.9 ± 2.4 26.8 ± 2.7 0.736

Education 0.501 0.305 0.938

Less than HS 51 (12) 36 (11) 15 (14) 31 (12) 20 (11) 34 (11) 17 (13)
HS, GED, business, technical 273 (62) 214 (64) 59 (56) 172 (65) 101 (58) 194 (63) 79 (61)
College no degree 46 (11) 33 (10) 13 (12) 24 (9) 22 (13) 32 (10) 14 (11)
College degree 68 (16) 50 (15) 18 (17) 36 (14) 32 (18) 48 (16) 20 (15)

Income 0.439 0.628 0.754

<$25,000 273 (62) 212 (64) 61 (58) 168 (64) 105 (60) 191 (62) 82 (63)
$25,000–$49,999 129 (30) 96 (29) 33 (31) 75 (29) 54 (31) 93 (30) 36 (28)
$$50,000 35 (8) 24 (7) 11(10) 19 (7) 16 (9) 23 (7) 12 (9)

Duration of diabetes (years) 13.6 ± 1.5 13.6 ± 1.5 13.6 ± 1.5 0.959 13.6 ± 1.5 13.7 ± 1.4 0.728 13.6 ± 1.5 13.6 ± 1.5 0.928

Number of people in household 3.5 ± 1.8 3.5 ± 1.8 3.5 ± 1.8 0.850 3.6 ± 1.9 3.4 ± 1.7 0.511 3.4 ± 1.8 3.7 ± 1.7 0.227

Have offspring 137 (31) 100 (30) 37 (35) 0.316 84 (62) 53 (30) 0.715 97 (31) 40 (31) 0.881

Have health care coverage 381 (87) 295 (89) 86 (82) 0.076 234 (89) 147 (84) 0.130 272 (88) 109 (84) 0.204

Have a routine diabetes care provider 327 (75) 248 (74) 79 (75) 0.875 190 (72) 137 (78) 0.154 224 (73) 103 (79) 0.153

Treated with insulin 227 (52) 157 (47) 70 (67) <0.001 114 (43) 113 (65) <0.001 134 (44) 93 (72) <0.001

Data are n (%) or mean ± SD. EB, emotional burden; GED, General Educational Development; HS, high school; RD, regimen distress. P values
shown reflect significance when groups were compared on these characteristic variables using t test (continuous) and x2 test (categorical).
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high emotional burden and 93.3% high
regimen distress.

Overall Diabetes Distress
Comparing low versus high diabetes dis-
tress groups, we found that a greater
percentage of participants with high
distress were female (78% vs. 62%,
P 5 0.002), diagnosed with hypertension
(73% vs. 62%, P 5 0.037) and retinopa-
thy (58% vs. 42%, P 5 0.005), treated
with insulin (67% vs. 47%, P < 0.001),
had moderate to severe depressive (27%
vs. 5%, P < 0.001) and anxiety (28% vs.
6%, P < 0.001) symptoms, and had
higher HbA1c (10.4 ± 2.2% [90 ± 1
mmol/mol] vs. 8.8 ± 2.5% [73 ± 4 mmol/
mol], P < 0.001) (Tables 1 and 2). Uni-
variate logistic regression analyses identi-
fied factors associated with high dia-

betes distress (Supplementary Table 1)
that were controlled for in multivariate
analyses (Table 3). Multivariate logistic
regression models (n 5 428) found that
female sex (P < 0.001), HbA1c (P <
0.001), and moderate to severe anxiety
symptoms (P 5 0.036) remained associ-
ated with high diabetes distress, as was
lack of health care coverage (P 5 0.019),
after adjusting for race/ethnicity, educa-
tion, BMI, insulin use, hypertension, reti-
nopathy, and depressive symptoms
(Table 3). Specifically, females were 3.3
times more likely, participants who
lacked health care coverage 2.4 times
more likely, and participants with moder-
ate to severe anxiety symptoms 3.2
times more likely to report high diabetes
distress. HbA1c was also associated with
diabetes distress; for every 1 unit increase

in HbA1c, there was a 30% increase in the
odds of having high diabetes distress.
When we analyzed distress as a continu-
ous variable, female sex (P < 0.001), lack
of health care coverage (P 5 0.030),
HbA1c (P < 0.001), and moderate to
severe anxiety symptoms (P 5 0.026)
were again associated with higher levels of
distress. In addition, BMI (P < 0.001) and
moderate to severe depressive symptoms
(P < 0.001) were associated with higher
distress (Supplementary Tables 2 and 3).

Regimen Distress
A greater percentage of participants with
high regimen distress versus low regimen
distress were treated with insulin (67%
vs. 47%), had higher HbA1c (10.1 ± 2.3%
[87 ± 2 mmol/mol] vs. 8.6 ± 2.5% [70 ± 4
mmol/mol]), had moderate to severe

Table 2—Participant health characteristics

TODAY2 EOS visits

Overall
(n 5 438)

DDS <2
(n 5 333)

DDS $2
(n 5 105) P

RD <2
(n 5 263)

RD $2
(n 5 175) P

EB <2
(n 5 308)

EB $2
(n 5 130) P

HbA1c (%)* 9.2 ± 2.5 8.8 ± 2.5 10.4 ± 2.2 <0.001 8.6 ± 2.5 10.1 ± 2.3 <0.001 8.7 ± 2.5 10.4 ± 2.2 <0.001

SBP (mmHg)* 120.7 ± 10.2 120.4 ± 10.1 121.7 ± 10.3 0.410 120.1 ± 9.9 121.5 ± 10.5 0.441 120.6 ± 10.0 120.8 ± 10.6 0.888

DBP (mmHg)* 75.0 ± 8.0 74.7 ± 7.9 76.2 ± 8.1 0.376 74.4 ± 7.8 76.0 ± 8.3 0.141 74.8 ± 8.0 75.6 ± 7.9 0.676

BMI (kg/m2)* 36.5 ± 8.2 36.8 ± 8.3 35.5 ± 7.9 0.159 36.8 ± 8.4 36.1 ± 8.0 0.355 37.2 ± 8.3 34.9 ± 7.7 0.005

Hypertension§ 284 (65) 207 (62) 77 (73) 0.037 163 (62) 121 (69) 0.124 197 (64) 87 (67) 0.553

Dyslipidemia§ 257 (59) 193 (58) 64 (61) 0.587 149 (57) 108 (62) 0.292 182 (59) 75 (58) 0.786

Neuropathy§ 138 (32) 108 (32) 30 (29) 0.458 82 (31) 56 (32) 0.856 99 (32) 39 (30) 0.659

Nephropathy§ 210 (48) 157 (47) 53 (50) 0.552 122 (46) 88 (50) 0.424 141 (46) 69 (53) 0.163

Retinopathy† 198 (46) 139 (42) 59 (58) 0.005 106 (41) 92 (54) 0.010 122 (40) 76 (60) <0.001

Number of
microvascular
complications

0.048 0.321 0.001

0 113 (26) 94 (28) 19 (18) 75 (29) 38 (22) 92 (30) 21 (16)
1 150 (34) 112 (34) 38 (36) 91 (35) 59 (34) 105 (34) 45 (35)
2 129 (29) 89 (27) 40 (38) 72 (27) 57 (33) 76 (25) 53 (41)
3 46 (11) 38 (11) 8 (8) 25 (10) 21 (12) 35 (11) 11 (8)

Depression
symptoms
(PHQ-8)‡

<0.001 <0.001 <0.001

None to mild 392 (90) 315 (95) 77 (73) 250 (95) 142 (81) 295 (96) 97 (75)
Moderate to
severe

45 (10) 17 (5) 28 (27) 12 (5) 33 (19) 12 (4) 33 (25)

Anxiety symptoms
(GAD-7)‡

<0.001 <0.001 <0.001

None to mild 388 (89) 312 (94) 76 (72) 245 (94) 143 (82) 289 (94) 99 (76)
Moderate to
severe

49 (11) 20 (6) 29 (28) 17 (6) 32 (18) 18 (6) 31 (24)

Data are mean ± SD or n (%). EB, emotional burden; DBP, diastolic BP; RD, regimen distress; SBP, systolic BP. P values shown reflect signifi-
cance when groups were compared on these characteristic variables using t test (continuous) and x2 test (categorical). *Time-weighted aver-
age taking into account the duration when the participant was $19 years of age. §Present if condition had been present at any point since
early adulthood. †Nine missing scores for retinopathy because of missing/incomplete data. ‡One missing score for PHQ-8 and GAD-7.
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depressive (19% vs. 5%) and anxiety (18%
vs. 6%) symptoms (all P < 0.001), and
were diagnosed with retinopathy (54%
vs. 41%, P 5 0.010). Compared with the
low regimen distress group, the high
regimen distress group had a higher
percentage of Hispanic participants
(42% vs. 36%, P 5 0.011) (Tables 1 and
2). Multivariate analyses (Table 3) con-
trolled for factors associated with high
regimen distress in univariate analyses
(Supplementary Table 1) and found that
female sex (P 5 0.022), higher HbA1c
(P < 0.001), and moderate to severe
depressive symptoms (P 5 0.018)
remained associated with high regimen
distress. Lack of health care coverage
was also associated with high regimen
distress (P 5 0.017); participants lacking
health care coverage were 2.3 times
more likely to report high regimen dis-
tress. Education showed an association,
with participants with a college degree
being more likely than those with less
than a high school education to have
high regimen distress (P 5 0.010). Anal-
ysis of regimen distress as a continuous

variable again found an association with
female sex (P 5 0.013), college versus
no high school degree (P 5 0.003), lack
of health care coverage (P 5 0.008),
higher HbA1c (P < 0.0001), and moder-
ate to severe depressive symptoms (P
5 0.001), as well as with moderate to
severe anxiety symptoms (P 5 0.024)
(Supplementary Tables 2 and 3).

Emotional Burden
A greater percentage of participants with
high emotional burden were female
(73% vs. 62%, P 5 0.031), had lower BMI
(34.9 ± 7.7 kg/m2 vs. 37.2 ± 8.3 kg/m2,
P 5 0.005), were treated with insulin
(72% vs. 44%), had higher HbA1c (10.4 ±
2.2% [90 ± 1 mmol/mol] vs. 8.7 ± 2.5%
[72 ± 4 mmol/mol]), and had moderate
to severe depressive (25% vs. 4%) or anxi-
ety (24% vs. 6%) symptoms (all P <

0.001) (Tables 1 and 2). After controlling
for all factors identified through univar-
iate analyses (Supplementary Table 1),
multivariate analyses found that
female sex (P 5 0.012), HbA1c (P <

0.001), and lack of health care

coverage (P 5 0.046) remained asso-
ciated with high emotional burden
(Table 3). Report of moderate to
severe depressive symptoms was also
associated with high emotional bur-
den; participants with moderate to
severe depressive symptoms were 7.3
times more likely to report high emo-
tional burden (P 5 0.001). Insulin
treatment was uniquely associated
with emotional burden; participants
treated with insulin were two times
more likely to report high emotional
burden (P 5 0.027). Analysis of dis-
tress as a continuous variable again
found that female sex (P 5 0.046),
HbA1c (P 5 0.007), insulin treatment
(P 5 0.003), and moderate to severe
depressive symptoms (P < 0.0001)
were associated with higher emo-
tional burden (Supplementary Tables
2 and 3).

CONCLUSIONS

In this large and diverse cohort of young
adults with youth-onset type 2 diabetes,
24% reported that they were experiencing

Table 3—Predictors of diabetes distress, RD, and EB on the basis of logistic regression models

Multivariate analysis

DDS $2 RD $2 EB $2

Predictor OR (95% CI) P OR (95% CI) P OR (95% CI) P

Male vs. female 0.30 (0.16, 0.55) <0.001 0.57 (0.35, 0.92) 0.022 0.49 (0.28, 0.85) 0.012

Race/ethnicity

Non-Hispanic Black vs. Hispanic 0.72 (0.39, 1.30) 0.275 0.62 (0.37, 1.03) 0.065 0.80 (0.46, 1.41) 0.446
Non-Hispanic White vs. Hispanic 0.81 (0.37, 1.73) 0.598 0.56 (0.29, 1.05) 0.075 1.03 (0.50, 2.08) 0.924
Non-Hispanic Black vs. non-Hispanic White 0.88 (0.41, 1.96) 0.748 1.12 (0.58, 2.19) 0.740 0.78 (0.38, 1.62) 0.492

Education

HS, GED, business, or technical degree vs. less than HS 0.93 (0.42, 2.14) 0.856 1.19 (0.59, 2.44) 0.631 1.19 (0.55, 2.66) 0.668
College no degree vs. less than HS 1.98 (0.69, 5.74) 0.205 2.52 (1.01, 6.41) 0.050 1.83 (0.66, 5.13) 0.245
Any college degree vs. less than HS 2.14 (0.80, 5.91) 0.134 3.16 (1.34, 7.70) 0.010 2.05 (0.79, 5.50) 0.144

Have health care coverage 0.41 (0.19, 0.87) 0.019 0.44 (0.22, 0.86) 0.017 0.48 (0.23, 0.99) 0.046

Treated with insulin 1.35 (0.72, 2.58) 0.351 1.60 (0.93, 2.75) 0.089 1.96 (1.09, 3.60) 0.027

HbA1c* 1.30 (1.13, 1.49) <0.001 1.25 (1.11, 1.40) <0.001 1.28 (1.12, 1.45) <0.001

BMI (per 5 kg/m2 increase)* 0.93 (0.77, 1.11) 0.411 1.00 (0.86, 1.15) 0.989 0.86 (0.72, 1.02) 0.096

Hypertension† 1.80 (1.01, 3.28) 0.051 1.35 (0.83, 2.22) 0.232 1.08 (0.63, 1.87) 0.768

Retinopathy 1.06 (0.61, 1.87) 0.828 0.94 (0.58, 1.51) 0.793 1.11 (0.66, 1.87) 0.701

Depressive symptoms (PHQ-8)

Moderate to severe vs. none to mild 2.80 (0.91, 8.62) 0.070 3.91 (1.30, 12.88) 0.018 7.31 (2.37, 25.22) 0.001

Anxiety symptoms (GAD-7)

Moderate to severe vs. none to mild 3.19 (1.06, 9.47) 0.036 1.29 (0.42, 3.71) 0.644 1.36 (0.42, 4.06) 0.589

n 5 428. EB, emotional burden; GED, General Educational Development; HS, high school; OR, odds ratio; RD, regimen distress. *Time-
weighted average taking into account the duration when the participant was $19 years of age. †Present if condition had been present at
any point since early adulthood.
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a clinically significant level of diabetes
distress, with females and participants
with higher HbA1c, those who lacked
health care coverage, and with moderate
to severe anxiety symptoms being at
increased risk of high diabetes distress.
This is comparable to the finding that
20% of participants had elevated diabe-
tes distress in a study of adults with type
1 diabetes (21). Comparing these find-
ings with studies of adults with type 2
diabetes is challenging because the other
studies assessed middle- and older-aged
adults who developed type 2 diabetes as
adults and because estimates of high
diabetes distress vary depending on the
sample and measure. Given these issues,
24% of the current cohort is lower than
the 36% reported in a recent meta-anal-
ysis of studies in older adults (3). Two
caveats with our study are that 1) the
overall distress scores were probably
lower because of low physician and
interpersonal distress scores, noting that
40% had high regimen distress and 30%
high emotional burden, and 2) the
cohort is unique. Participants have main-
tained involvement in a long-running
clinical study, which provided extensive
diabetes education and support, fre-
quent contact, and providers who were
skilled in provider-patient communica-
tion. Even though contact decreased dur-
ing TODAY2, the average total length of
follow-up was 10.2 years after randomi-
zation, thus still unique and important.
Poor patient-provider communication,
feeling ignored, and limited opportunities
to discuss the challenges of living with
diabetes all relate to higher diabetes dis-
tress (22–24); these factors were likely
lessened in this TODAY-involved cohort.
Prior research found that the most

common cause of distress in adults with
type 2 diabetes is managing the disease
(25); this was also highly salient in the
current cohort. Distress related to the
emotional burdens of diabetes (feeling
overwhelmed, burned out) was also
high, especially for those being treated
with insulin. These emotional strains
may be particularly stressful for young
adults, as many are only recently manag-
ing diabetes independently while also
dealing with common challenges of
young adulthood (e.g., new jobs, rela-
tionships, living situations, financial inde-
pendence); some have termed this a
developmental phase of “emerging
adulthood” (26).

Females were more likely to report
high diabetes distress (including regi-
men distress and emotional burden)
and to have higher levels of distress
(overall, regimen and emotional bur-
den), consistent with other studies (3).
We did not find distress differences by
race/ethnicity in this highly diverse
cohort. In a prior study of a combined
type 1 and type 2 diabetes cohort,
members of racial/ethnic minority
groups had higher distress than non-His-
panic Whites (10). Similarly, while a lack
of social support was associated with
high diabetes distress in a Scandinavian
sample (9), we did not find that number
of people in household was associated
with distress, although this is likely not
an adequate proxy for social support.

High HbA1c was associated with high
diabetes distress and higher levels of
distress (including high regimen distress
and emotional burden). This is consis-
tent with the older adult literature (5);
a recent meta-analysis reported a con-
sistent, though modest, relationship
between high HbA1c and high diabetes
distress (27). Given that high distress
consistently relates to poor self-care (2),
one hypothesis is that the relationship
between diabetes distress and HbA1c is
mediated by self-care. If this hypothesis
is supported, interventions to lower dia-
betes distress may not result in imp-
roved glycemic control unless the indi-
vidual can engage in effective self-care
behaviors. Of course, health care cover-
age and access to medications and care
are also needed to achieve good glyce-
mic control. In general, HbA1c levels
were very high in this cohort, reflecting
difficulties in attaining optimal glycemic
control in this socioeconomically disad-
vantaged population. The role that
diabetes distress may play in these
concerning outcomes needs further
attention.

Moderate to severe anxiety symp-
toms were associated with high diabe-
tes distress and higher levels of overall
and regimen distress. Anxiety symptoms
(e.g., feeling nervous, worrying) may
reflect diabetes distress. Additionally,
those with anxiety, who already feel
overwhelmed, may find it more difficult
to cope with diabetes-related stressors.
Depressive symptoms were associated
with regimen distress and emotional
burden, a relatively frequent finding
(25). Depressive symptoms were also

associated with higher levels of overall
distress (and regimen distress and emo-
tional burden). As with anxiety, it is not
surprising that those who are struggling
with depressive symptoms, perhaps
major depressive disorder, feel highly
challenged by the emotional strains of
living with diabetes. Prior evidence sug-
gests that in adults with type 2 diabetes,
elevated depression scores are capturing
diabetes distress, with �2–30% shared
variance (5). However, there was a rela-
tively small number of participants with
moderate to severe depressive symp-
toms. Future studies of those with
youth-onset type 2 diabetes, including
more individuals with significant depres-
sive symptoms, are needed.

Lack of health care coverage was
associated with high diabetes distress
(including regimen distress and emo-
tional burden) and higher levels of
overall and regimen distress. We are
unaware of studies that explored a link
between having health care coverage
and diabetes distress, but previously,
we observed that TODAY participants
without health care coverage and living
in states without Medicaid expansion
had higher HbA1c levels (28). It is not
surprising that these young adults who
are managing their diabetes indepen-
dently would identify lack of health care
coverage as contributing to their regi-
men challenges and emotional burden,
as it reflects less access to needed treat-
ments and medications, thus fueling
fears about the future.

Finally, insulin treatment was associ-
ated with high emotional burden. Insu-
lin treatment adds unique challenges to
self-care, such as needing to self-inject
and to pay closer attention to timing of
eating and activity. Anecdotally, patients
who start insulin often state that doing
so makes them feel as if their disease
has progressed and heightens their
fears about developing complications.

There has been a call to develop
interventions to decrease diabetes dis-
tress, and doing so may have a positive
impact on self-care, glycemic control, and
quality of life (29). The evidence suggests
that the most effective interventions focus
on diabetes and emotions (i.e., psycho-
education) (2). In the clinic, this means
routine screening for diabetes distress,
especially at key transition points (e.g.,
when treatment changes, when complica-
tions develop), as recommended by the
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ADA (30). Those patients identified as hav-
ing high distress might be referred to
social workers to identify and address bar-
riers to care and to provide mental health
referrals when needed (31). The literature
suggests that there are emotional benefits
from peer support (32) (e.g., online or
group support programs, group medical
visits). Research in young adults with type
1 diabetes suggests that programs to build
individual resilience (33) and address
“diabetes-specific loneliness” through a
social network of people who understand
diabetes challenges (34) may be beneficial
for this group.

These and other interventions typically
focus on the individual, yet our data sug-
gest that greater attention should be paid
to ways that the health care system may
contribute to diabetes distress, since inter-
actions with providers and the health care
system play a significant role in how one
copes (2). This may be especially relevant
to young adults with youth-onset type 2
diabetes who are highly vulnerable to
early onset of poor health outcomes (13,
35). Importantly, accessibility of health
care coverage must be addressed. In addi-
tion, health care systems have incorpo-
rated programs for young adults with type
1 diabetes to help them to transition
from pediatric to adult health care sys-
tems (36). Young adults with youth-onset
type 2 diabetes are likely to also benefit
from this approach.

Limitations
While the cohort’s size and diversity are
strengths, the fact that participants were
involved in a long-running study is a limi-
tation because their involvement may
have ameliorated diabetes distress. If
this is the case, the prevalence of high
diabetes distress would be greater in a
comparable community sample. In addi-
tion, the data are cross-sectional, and
thus, causal relationships, and specifically
the direction of the associations, cannot
be assessed. Finally, a large percentage
of the cohort was female, and women
often report higher levels of distress
than men, so we might have found a
lower prevalence of diabetes distress if
the cohort included more men.

Summary and Directions for Future
Research
Approximately one-quarter of young adults
with youth-onset type 2 diabetes in
the TODAY2 cohort experienced clinically

significant diabetes distress, with 30–40%
experiencing high distress related to regi-
men challenges and emotional burdens.
This number might be higher if those with
youth-onset type 2 diabetes in nonre-
search, community settings were assessed.
Women and participants with high HbA1c,
moderate to severe anxiety symptoms,
and without health care coverage were at
greater risk for high diabetes distress. Par-
ticipants with moderate to severe depres-
sive symptoms were at higher risk for
regimen distress and emotional burden,
and those treated with insulin were more
likely to experience high levels of emo-
tional burden.

Future longitudinal research should
explore other psychosocial factors that
might have an impact on distress (e.g.,
fear of hypoglycemia, especially for those
using insulin). Data are also needed on
the relationship of diabetes distress with
health care behaviors (e.g., blood glu-
cose testing, missed health care visits) to
develop interventions that have an imp-
act on distress and key behaviors that
affect diabetes outcomes. This article
represents a first step in learning about
sources of diabetes distress and factors
that may contribute to high distress in
this vulnerable group of young adults
with youth-onset type 2 diabetes. Much
more needs to be learned.
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