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OBJECTIVE

To report the prevalence of depression, eating disorder symptoms, and impaired
health-related quality of life (HRQOL) and examine their longitudinal associations with
glycemia and diabetes complications in young adults with youth-onset type 2 diabetes.

RESEARCH DESIGN AND METHODS

Participants recruited over a 4-year period were enrolled at 15 clinical diabetes
centers in the follow-up observational Treatment Options for Type 2 Diabetes in
Adolescents and Youth (TODAY2) study. From 2014–2020, prevalence of symp-
toms of depression, eating disorders, and HRQOL by sex, race/ethnicity, and
baseline family income were assessed annually. Longitudinal relationships
between assessments of glycemia and complications with psychiatric symptoms
and HRQOL were evaluated in adjusted models.

RESULTS

Participants (n5 514) were 21.7 ± 2.5 years old with a diabetes duration of 8.6 ± 1.5
years in year 1 of TODAY 2 (2014). Symptoms of depression and impaired HRQOL
were common and increased significantly over 6 years (14.0% to 19.2%,
P 5 0.003; and 13.1% to 16.7%, P 5 0.009, respectively). Depression and impaired
HRQOL were more common in women and those with lower baseline family income
but did not differ by race/ethnicity. Rates of binge eating were stable over time; self-
reported purging increased. Over time, symptoms of depression were associated
with higher HbA1c, hypertension, and retinopathy progression; impaired HRQOL was
associated with higher BMI, systolic blood pressure, hypertension, and retinopathy
progression; and symptoms of eating disorders were associated with higher BMI.

CONCLUSIONS

Significant psychiatric symptoms and impaired HRQOL are common among
emerging adults with youth-onset type 2 diabetes and are positively associated
with glycemia, hypertension, and retinopathy progression in this group that is at
ongoing risk for medical morbidity.
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Rates of pediatric type 2 diabetes have
increased significantly. A recent investi-
gation reported an estimated preva-
lence of 0.34 per 1,000 youths in 2017,
which represented a relative increase of
95.3% since 2001 (1). A growing body
of literature has shown that pediatric
type 2 diabetes is associated with high
rates of comorbidities and complica-
tions in young adulthood (2,3) and led
to the characterization of youth-onset
type 2 diabetes as a severe phenotype
(4). Symptoms of depression and eating
disorders (particularly, regular binge eat-
ing [BE]) are common comorbidities
among adults with type 2 diabetes that
are negatively associated with health
outcomes (5–7) and health-related qual-
ity of life (HRQOL) (8). Available evi-
dence suggests that these symptoms
and impairments in HRQOL also are
common among youth with type 2 dia-
betes (9,10), but longitudinal studies
that examine these over time and evalu-
ate the relationship between these factors
and other diabetes-related comorbidities
or complications are lacking.

In the Treatment Options for Type 2
Diabetes in Adolescent and Youth (TODAY)
study, a randomized controlled trial of
treatments for recent-onset pediatric type
2 diabetes (mean age 14.0 years at study
entry), 14.8% of participants self-reported
clinically significant symptoms of depres-
sion, a rate similar to that observed in
youth without diabetes (11). Although
symptoms of depression were common in
the TODAY cohort over the 2- to 6-year
period of randomized intervention, there
was no observed relationship between
elevated symptoms and higher levels of
glycemia, but depressive symptoms were
associated with poorer HRQOL (12).
BE was also common in the TODAY
cohort, with 26% of participants self-
reporting BE at baseline. BE was posi-
tively associated with obesity severity
and depressive symptoms and impaired
HRQOL (10).

The TODAY randomized treatment trial
was followed by a 9-year-long observa-
tional follow-up period (TODAY2), during
which participants no longer received ran-
domized treatment but were seen by
study staff from 2014–2020 for annual
assessments, which included self-report
evaluations of psychiatric symptoms and
HRQOL. Protocolized assessments of
comorbidities and complications were
also conducted.

Thus, the carefully phenotyped TODAY
cohort of youth-onset type 2 diabetes
provided a unique opportunity to deter-
mine the association between depressive
symptoms, indicators of eating disorders,
and HRQOL with diabetes complications
in emerging adults with type 2 diabetes.
The primary aims for this study were to
1) evaluate the prevalence of depressive
and eating disorder symptoms and
HRQOL overall, and within subgroups of
sex, race/ethnicity, and baseline socio-
economic status over time, and 2) exam-
ine the association between depressive
symptoms, eating disorders, and HRQOL
with glycemia and diabetes-related com-
plications. Further, we explored whether
any of the observed relationships dif-
fered by sex or race/ethnicity.

RESEARCH DESIGN AND METHODS

Study Design
The TODAY protocol (ClinicalTrials.gov
NCT00081328) and primary outcome
results have been published (2,13,14). In
brief, 699 participants with type 2 diabe-
tes diagnosed before the age of 18
years, with duration of diabetes <2
years, BMI >85th percentile for age and
sex, negative islet cell antibodies, and
C-peptide >0.6 ng/mL were randomized
at 15 participating diabetes centers to
receive metformin alone, metformin plus
rosiglitazone, or metformin plus an
intensive lifestyle intervention program.
Exclusion criteria also included the pres-
ence of another significant condition,
such as a major psychiatric or devel-
opmental disorder. The primary goal
of TODAY (2004–2011) was to evalu-
ate the effects of the three treatment
arms on time to treatment failure,
defined as loss of glycemia above the
target range (HbA1c $8% for 6 consecu-
tive months or failure to wean from
temporary insulin after acute metabolic
decompensation).

In 2011, 572 TODAY participants (82%)
enrolled in the TODAY2 postintervention
follow-up study. Between 2011 and 2014,
participants no longer received random-
ized treatment but continued to receive
protocolized diabetes-related care from
the TODAY study with visits at 3-month
intervals. From 2014 to 2020, 518 TODAY
participants (74% of original cohort) tran-
sitioned to community care and contin-
ued to be followed by the TODAY study
group for annual observational visits.

Depression, eating disorders, and
HRQOL questionnaires were completed
annually during the TODAY2 period,
from 2014 to 2020 (end of study). Owing
to the staggered enrollment of partici-
pants in the TODAY randomized trial
(2004–2009), the length of follow-up at
the beginning of TODAY2 varied for each
participant. For purposes of this study,
data are presented by calendar year
(year 1 to 6) for those participants who
completed annual visits between 2014
and 2020. Data from 514 of the 518
TODAY participants were examined. Four
consented TODAY2 participants who did
not complete the assessment question-
naires were excluded.

The TODAY and TODAY2 studies met
the Declaration of Helsinki guidelines and
were approved by Institutional Review
Boards at all 15 centers. All participants
and guardians provided written informed
assent and/or consent as appropriate for
age and local guidelines.

Study Evaluations and Assessments
Demographic factors including sex,
race/ethnicity, education, and house-
hold level of income ($$50,000 per
year or <$50,000 per year) were col-
lected at baseline of the TODAY ran-
domized clinical trial (15). Baseline
household income was selected as a
proxy for financial strain over time;
a significant number of participants
reported no income at the end of
TODAY2, so end-of-study average
income was not included in the cur-
rent analysis. Participants were seen
annually during the last 6 years of the
study in TODAY2 for physical exami-
nations and other assessments. Height
and weight were measured, and blood
pressure was measured using a CAS 740
monitor with standardized oscillometric
cuff sizes. Fasting laboratory data were
collected at each study visit, as previously
described (13). Measurements of fasting
lipids and HbA1c were processed centrally
at the TODAY Central Biochemistry Labo-
ratory (Northwest Lipid Metabolism and
Diabetes Research Laboratories, Univer-
sity of Washington, Seattle, WA) (13).
Standardized definitions were used for
phenotyping throughout, with longi-
tudinal assessments of hypertension,
dyslipidemia, microalbuminuria, and
neuropathy evaluated, as previously
described (2). Fundus photography
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was performed twice (2010–2011 and
2017–2018) and graded according to
the Early Treatment Diabetic Retinop-
athy Study (ETDRS) protocol by masked
assessors at a centralized reading center
(2). Retinopathy was defined as ETDRS
grade $20 in either eye or clinically sig-
nificant macular edema. A progression of
three or more steps on the ETDRS scale
was defined as retinopathy progression.

Beck Depression Inventory II
The Beck Depression Inventory II (BDI-II),
a self-report measure with documented
validity and reliability for adolescents and
adults (16), was completed annually by
participants to assess the severity of
depressive symptoms. Responses to each
of the 21 items on the inventory are
rated on a 4-point scale ranging from 0
to 3 based on severity. Missing/incom-
plete responses were not scored and set
to missing in the analyses (<3% of ques-
tionnaires). Individual items scores were
combined to yield a total symptom score
(maximum score: 63), with a higher score
indicating more severe depressive symp-
toms. A cutoff score $14 on the BDI-II
was used to indicate clinically significant
levels of depressive symptoms (17).

Eating Disorder Diagnostic Scale
The Eating Disorder Diagnostic Scale
(EDDS) is a self-report scale consisting of
23 items for assessing symptoms (e.g.,
recurrent BE or severe dietary restriction)
and establishing diagnoses of anorexia
nervosa, bulimia nervosa, and BE disorder
(BED) based on the Diagnostic and Statis-
tical Manual, Fifth Edition (American Psy-
chiatric Association, 2013) criteria (18).
The first three items of the scale assess
the attitudinal symptoms of anorexia ner-
vosa and bulimia nervosa over the past
3-month period (e.g., fear of fatness and
overvaluation of weight and shape mea-
sured) on a 7-point scale, ranging from 0
(not at all) to 6 (extremely). The next
three items measure the frequency of
uncontrollable consumption of a large
amount of food, with a focus on the
number of times per month on average
over the past 3 months. BE is defined as
recurrent episodes (more than one per
month) of overeating over the past 3
months with an associated loss of control.
The subsequent items assess the fre-
quency of compensatory behaviors during
the past 3 months. Endorsements of self-

induced vomiting and misuse of laxative
or diuretic medications were included in
the present analysis. Missing/incomplete
responses were not scored and set to
missing in the analyses (<5% of question-
naires). An overall eating disorder symp-
tom composite score was computed by
summing up the raw scores across all
items. The presence of Diagnostic and
Statistical Manual, Fifth Edition eating dis-
orders (anorexia nervosa, bulimia ner-
vosa, and BED) was determined by
scoring algorithms for the EDDS (19).

HRQOL
Self-reported HRQOL was measured by
total score on the 23-item Pediatric Qual-
ity of Life Inventory (Generic Core Scales
Version 4.0) (20). Age-specific versions for
teen (13–18 years), young adult (19–25
years), and adults ($26 years) were used.
The Pediatric Quality of Life Inventory can
be grouped into four scales assessing par-
ticipant: 1) physical functioning (eight
items), 2) emotional functioning (five
items), 3) social functioning (five items),
and 4) school/work functioning (five
items). A 5-point Likert response scale is
used to assess problem severity during the
past month (0 5 never a problem, 4 5
almost always a problem). Items were
reverse-scored and linearly transformed to
a 0–100 scale, so that higher scores indi-
cated better HRQOL. The mean total score
of a scale is calculated as the sum of all
the items divided over the number of
items answered (21). If >50% of the items
in the scale were missing, scale scores
were not computed (<1% of question-
naires had$50% missing responses). Clini-
cally significant impairment in HRQOL was
defined as a total score at least 1 SD
below the mean score (<71.8) for the
sample (11,21).

Statistical Analyses
Generalized estimating equations models
were used to evaluate the effect of covari-
ates on the odds of each binary outcome
(e.g., BDI-II score $14), and linear mixed
models were used to evaluate the effect
of covariates on the mean of each quanti-
tative outcome (e.g., BDI-II total score)
over repeated time points. The original
TODAY intervention condition was evalu-
ated in the initial analysis but not retained
in the models due to lack of effect.

Multivariable models evaluating the
longitudinal associations between glyce-

mia, blood pressure, and diabetes-related
complications with the psychiatric symp-
toms and HRQOL outcomes were adjusted
for age, duration diabetes duration, sex,
race/ethnicity, BMI (except for the model
involving BMI itself), and highest house-
hold level of income at TODAY baseline.
Factors were entered in the models as
fixed (e.g., sex, race/ethnicity, retinopathy)
or as time-varying covariates (e.g., HbA1c,
systolic blood pressure [SBP], diastolic
blood pressure [DBP]) as indicated). Time-
weighted mean values for HbA1c, SBP, DBP,
and LDL cholesterol were used, represent-
ing the running means up to each study
visit starting with TODAY baseline.

Interaction terms between the fac-
tors and complications with sex (e.g.,
HbA1c by sex interaction) and race/eth-
nicity were added to the models to
examine the potential modifying effects
of sex or race/ethnicity. Descriptive anal-
yses (using t test or x2) examined differ-
ences in the factors and complications
by psychiatric symptoms and HRQOL
outcome status (e.g., BDI-II $14 vs. BDI-
II <14) at TODAY2 year 1 and 6. Analy-
ses were done using SAS for Windows
9.4 software (SAS Institute, Cary, NC). All
analyses were considered exploratory,
and statistical significance was defined
as P < 0.05.

RESULTS

Participants (n 5 514) were racially/eth-
nically diverse, 65.2% were women, and
there was a significant level of socioeco-
nomic challenge (44.5% at TODAY base-
line had annual household income
<$50,000) (Table 1). At year 1 (2014),
the average (± SD) participant age was
21.7 ± 2.5 years, diabetes duration was
8.6 ± 1.5 years, BMI was 36.5 ± 8.3 kg/m2,
and HbA1c was 9.2% ± 3.1%.

Prevalence of Psychiatric Symptoms
and HRQOL During TODAY2
Over the last 6 years of TODAY2, the
prevalence of symptoms of depression
(BDI-II score $14) increased significantly
(12.6% at year 1 and 17.6% at year 6,
P 5 0.01) (Table 2). Reports of recur-
rent BE episodes (more than one per
month over the past 3 months) did not
significantly change over time (10.4% at
year 1 and 12.8% at year 6, P 5 0.44).
Less than 2% (1.1% at year 1 and 1.9%
at year 6) of participants met the crite-
ria for bulimia nervosa or BED on the
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EDDS at any TODAY2 study visit (there
were no self-reported cases of anorexia
nervosa at any assessment point).
Reports of specific purging behaviors
(self-induced vomiting and misuse of
laxatives or diuretics) increased over
time (3.6% at year 1 and 6.9% at year 6,
P 5 0.02). Although insulin underdosing
or omission are not specified as compen-
satory behaviors on the EDDS, eating dis-
order symptoms did not vary as a
function of the use of insulin as a diabe-
tes medication. Self-reported impairments
in HRQOL (score <71.8) increased signifi-
cantly over the period of observation
(P 5 0.009), with prevalence increasing
from 13.1% in year 1 to 16.7% in year 6.
Similar findings were obtained when the
continuous total and subscale scores
were examined (vs. the binary cutoffs).
The continuous total scores from all three
instruments were significantly associated
with each other during TODAY2 over all
of the 6 years combined. Specifically, BDI-
II total score was moderately positively
correlated with the EDDS symptom com-
posite score (r 5 0.49, P < 0.0001) and
strongly negatively correlated with the
HRQOL total score (r 5 �0.68, P <

0.0001). The EDDS symptom composite
score moderately negatively correlated
with the HRQOL total score (r 5 �0.49,
P < 0.0001).

Differences by Sex, Race/Ethnicity,
and Family Socioeconomic Status
Higher prevalence of depressive symp-
toms and impaired HRQOL were found
in women compared with men over
time (all significant P # 0.01) (Fig. 1A
and C). No race/ethnicity difference was
observed for any of the psychiatric
symptoms and HRQOL outcomes (data
not shown). However, on average across
the TODAY2 visits, lower prevalence of
symptoms of depression and impaired
HRQOL were reported among partici-
pants with the highest annual house-
hold income levels at TODAY (baseline
$$50,000; P 5 0.002) compared with
those with lower annual income levels
(<$50,000; P 5 0.003) (Supplementary
Fig. 1A and C) . Prevalence of BE did
not differ by sex, or baseline household
income (Fig. 1B and Supplementary Fig.
1B) and did not differ by baseline
household level of education for any of

the psychiatric symptoms and HRQOL
outcomes (data not shown).

Longitudinal Associations With
Glycemia, Blood Pressure, and
Diabetes-Related Complications
Table 3 presents multivariable associa-
tions over time during TODAY2 in longi-
tudinal models adjusted for age, duration
of diabetes, sex, race/ethnicity, time-vary-
ing BMI, and highest household level of
income at TODAY baseline. Supplemen-
tary Table 2 presents means and preva-
lence of the diabetes complications and
related risk factors at year 1 (2014) and
year 6 (2020), stratified by presence of
symptoms of depression, BE, or impaired
HRQOL. Higher HbA1c, hypertension, and
retinopathy progression were associated
with clinically elevated symptoms of
depression (BDI-II score $14) (Table 3) in
multivariable longitudinal models. The
odds of having symptoms of depression
were increased by 9% (odds ratio [OR]
1.09, 95% CI 1.00–1.18) per 1% increase
in HbA1c, on average, from year 1 to year
6. The odds of having symptoms of
depression increased by 46% in partici-
pants with hypertension versus those
without (OR 1.46, 95% CI 1.02–2.08) and
by 75% between participants with reti-
nopathy progression versus those without
(OR 1.75, 95% CI 1.16–2.64).

A 5-kg/m2 increase in BMI was asso-
ciated with 18% higher odds of BE after
multivariable adjustment (OR 1.18, 95%
CI 1.05–1.33) (Table 3). At year 6, par-
ticipants with a higher mean BMI were
more likely to report BE than those with
a lower mean BMI (38.6 vs. 35.3 kg/m2,
P 5 0.01).

On average during the last 6 years of
TODAY2, higher BMI and SBP were
respectively associated with 12% (OR
1.12, 95% CI 1.00–1.26 per 5 kg/m2)
and 28% (OR 1.28, 95% CI 1.02–1.60
per 10 mmHg) increases in the odds of
having impaired HRQOL after multivari-
able adjustment, respectively (Table 3).
At year 1, participants with a higher
mean BMI were more likely to report
impaired HRQOL than participants with
a lower mean BMI (38.7 vs. 36.2 kg/m2,
P 5 0.03). The odds of having impaired
quality of life increased by 65% between
participants with and without hyperten-
sion (OR 1.65, 95% CI 1.09–2.50) and by
80% between participants with and
without retinopathy progression (OR
1.80, 95% CI 1.14–2.84) over time. A

Table 1—Participant characteristics at TODAY baseline and TODAY2 year 1 (2014)

Participant characteristics Values (N = 514)

TODAY baseline/randomization
Age (years) 13.8 ± 2.0
Type 2 diabetes duration (years) 0.7 ± 0.5
Female 65.2
Race/ethnicity

Non-Hispanic Black 34.4
Hispanic 37.7
Non-Hispanic White 20.4
Other 7.4

Highest household level of education
Less than high school 25.5
High school/GED 27.3
Some college, no degree 30.8
Graduate degree 16.4

Highest household level of income
<$25,000 44.5
$25,000–$49,999 34.7
$$50,000 20.8

TODAY2 year 1 (2014)

Time in study since randomization (years) 7.9 ± 1.3 (6–10)
Age (years) 21.7 ± 2.5 (16–28)
Type 2 diabetes duration (years) 8.6 ± 1.5 (6–12)
BMI (kg/m2) 36.5 ± 8.3
HbA1c (%) 9.2 ± 3.1
SBP (mmHg) 118.5 ± 11.9
DBP (mmHg) 74.0 ± 10.1
LDL cholesterol (mg/dL) 97.0 ± 30.8

Data presented are mean ± SD (minimum–maximum) or percent.
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greater proportion of participants with
hypertension at year 1 reported impaired
quality of life compared with those with-
out hypertension (69.3% vs. 53.3%, P 5
0.02).
The observed relationships remained

significant when analyzed within each
subscale of the HRQOL (physical and psy-
chosocial) instrument (data not shown).
Randomized treatment group (data not
shown), and LDL cholesterol, dyslipide-
mia, microalbuminuria, neuropathy, and
retinopathy (Table 3) did not relate to
any of the psychiatric symptoms and
HRQOL outcomes. Finally, we examined
whether the observed relationships var-
ied by sex or race/ethnicity. We found
that the relationship between BMI and
BE significantly differed by sex (bor-
derline interaction term P 5 0.05),
with the association observed in men
(OR 1.40, P 5 0.003) but not in
women (OR 1.08, P 5 0.24). None of
the other relationships differed by sex
or race/ethnicity.

CONCLUSIONS

This study adds to the literature on
youth-onset type 2 diabetes by con-
firming that elevated rates of psychiatric
symptoms and impaired HRQOL are

common over an observation period of
6 years. Rates of elevated depressive
symptoms and impaired quality of life
increased over time, and rates of BE
remained stable, but purging behaviors
increased. Importantly, the current find-
ings provide the strongest evidence to
date that depressive symptoms are
associated with higher HbA1c over time.
Moreover, depressive symptoms and
HRQOL impairments were associated
with hypertension and retinopathy pro-
gression. Although elucidation of the
multifaceted array of factors associated
with these findings is needed, the cur-
rent results suggest that interventions
that address psychiatric symptoms are
needed to minimize distress and the
impact of symptoms on self-care and
health outcomes.

There is a large literature document-
ing a relationship between diabetes and
depression in adults with diabetes (22,23),
and consequently, annual screening for
depression and appropriate referrals for
mental health care are recommended for
adults (24) to mitigate the effects of depres-
sion on health and well-being. Less is
known about depression in youth-onset dia-
betes, and longitudinal data are limited. In
the TODAY2 cohort, 12.6% of participants

reported BDI-II scores $14 at year 1
of follow-up; prevalence increased sig-
nificantly over time, with 17.6% of
young adults reporting elevated symp-
toms at year 6. Cross-study comparisons
are difficult because of methodological
variability (e.g., assessment tools, sam-
ple characteristics, study design), but the
rates of depressive symptoms observed
in the TODAY cohort are consistent with
those observed in other studies focusing
on adolescents with diabetes. In SEARCH
for Diabetes in Youth (SEARCH) (25), 14%
of the sample (average age of 15
years) with type 1 or type 2 diabetes
reported mild symptoms of depres-
sion, and 8.6% reported moderate/
severe symptoms of depression, and
these rates remained stable over time
(9). The rate of depressive symptoms
among youth (aged 10–17 years) with
type 2 diabetes who participated in a
pediatric diabetes registry (26) was 22%.
Data from these studies (9,26) also sug-
gest that rates of depressive symptoms
were higher among youth with type 2
diabetes than those with type 1 diabetes.
Data from the current investigation,
when participants were young adults,
showed that clinically significant rates of
depressive symptoms increased over

Table 2—Psychiatric symptoms (symptoms of depression and eating disorder) and HRQOL measures by year of data
collection in TODAY2

TODAY2 Year (2014–2020)

Year 1
(n = 478)**

Year 2
(n = 472)

Year 3
(n = 467)

Year 4
(n = 465)

Year 5
(n = 450)

Year 6
(n = 452) P value

A. BDI-II
Total score 5.7 ± 7.4 5.8 ± 7.7 6.4 ± 8.4 6.0 ± 7.9 6.7 ± 8.7 6.8 ± 8.3 0.0003
Total score $14 12.6 12.9 16.6 15.2 17.4 17.6 0.01

B. EDDS†

Symptom composite score 10.7 ± 11.6 11.0 ± 12.1 10.1 ± 12.1 9.8 ± 11.6 9.6 ± 10.8 10.8 ± 11.6 0.15
BE 10.4 11.5 12.3 11.8 11.0 12.8 0.44
Purging behavior 3.6 4.8 3.9 5.4 5.1 6.9 0.02
Diagnosable eating disorder

(e.g., BED)
1.4 1.1 1.9 1.5 1.1 1.4 n/a

C. HRQOL

Total score 87.3 ± 12.8 86.8 ± 13.4 86.3 ± 12.6 85.1 ± 12.2 84.2 ± 13.9 84.2 ± 12.7 <0.0001
Total score <71.8 13.1 12.3 14.6 15.2 17.6 16.7 0.009
Physical score 88.6 ± 14.7 87.3 ± 16.3 87.0 ± 15.0 85.7 ± 15.5 84.1 ± 17.1 83.9 ± 15.9 <0.0001
Psychosocial score‡ 86.6 ± 13.9 86.5 ± 13.7 85.9 ± 13.5 84.9 ± 12.4 84.3 ± 14.2 84.3 ± 13.1 <0.0001

Data presented are mean ± SD or percent. n/a, not applicable (numbers too small for testing). **A total of 514 participants participated in
TODAY2 and attended at least one of their yearly scheduled visit; however, not all participants attended their year 1 (n = 36) or year 2 (n =
42) visit, etc. †BE was defined as recurrent episodes (one or more per month) of overeating over the past 3 months with an associated loss
of control; purging behavior includes self-induced vomiting and misuse of laxatives or diuretics. Diagnosable eating disorders on the EDDS
include anorexia nervosa, bulimia nervosa, and BED. ‡Psychosocial score includes items from the emotional, social, and school/work scales.
P value derived from linear mixed models for continuous outcomes or from generalized estimating equations models for binomial outcomes
adjusted for age and duration of diabetes.
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time, with rates increasing nearing 18%
by 2020, when the mean age of partici-
pants was 27 years. The observed rate of
depressive symptoms is similar to that
reported for young adults (aged 18–29
years) without diabetes in the National
Health Interview Survey (23). Neverthe-
less, data from the current study confirm
that regular depression screening and
intervention is indicated for youth as well
as adults with diabetes.

We also examined potential differ-
ences in race/ethnicity and sex among
individuals in the TODAY2 sample. Dif-
ferences in race/ethnicity were not
identified, but women, compared with
men, reported higher levels of depres-
sive symptoms, as has been observed in
other studies of youth-onset type 2 dia-
betes (25). These findings are consistent
with work on sex differences in depres-
sion, in general, which has shown that
women are likelier than men to expe-
rience mild, moderate, and severe
depressive symptoms (23).

Symptoms of disordered eating are
common in adults with type 2 diabetes
(27,28) and are associated with negative
metabolic and psychological outcomes
and impaired quality of life (29). Recur-
rent BE, the primary symptom of BED,
was reported by 10.4% of TODAY2

participants, with stable rates over the
period of observation. The rates of BE
observed in the TODAY2 cohort are
roughly comparable to those reported
for young adults with overweight or
obesity and no diabetes, with 7.3% in
one study (30) study reporting BE. At
year 6 of TODAY2, participants with BE
had a mean ± SD BMI of 38.6 ± 8.5
kg/m2 in comparison with participants
without BE, who had an average BMI of
35.3 ± 7.9 kg/m2, confirming a relation-
ship between BE and obesity even in
this group of young adults with severe
obesity.

Purging in the form of self-induced
vomiting or misuse of drugs and laxa-
tives were common in the TODAY cohort
and increased over time, with 3.2% of
the cohort reporting self-induced vomit-
ing and 4.2% reporting use of laxatives
or prescribed medications to avoid
weight gain at year 6. These rates are
higher than the rate of 1% reported in
a younger sample of college freshmen
(31) who endorsed purging behaviors
on a self-report questionnaire. Insulin
misuse (underdosing or dose omis-
sion) is routinely assessed as a form of
purging in youth with type 1 diabetes,
but unfortunately, insulin misuse was
not assessed in TODAY2. Future work

is needed to examine the relation
between insulin use and misuse with
eating disorder symptoms in young
adults with type 2 diabetes.

Prevalence of diagnosable eating dis-
orders (e.g., BED) assessed by self-report
ranged from 1.1 to 2% over the last 6
years of TODAY2. These rates are lower
than those reported for youth with type
1 diabetes (7.0%) (32) or adults with
type 2 diabetes (5.3–14%) (29,33). How-
ever, rates of diagnosable disorders
observed in the TODAY2 cohort resem-
ble those reported in a large group of
young adults with overweight or obesity
but without diabetes (2.1%) (30). Taken
together, findings relating to symptoms
of and diagnosable disorders in the
TODAY2 cohort provide a strong argu-
ment that eating-disordered behaviors,
including those that are specific to diabe-
tes, should be assessed routinely and
targeted for intervention in youth-onset
type 2 diabetes.

Rates of impaired HRQOL increased
over the course of TODAY2, with 16.7%
of participants reporting impairments in
physical and psychosocial subscale scores
at year 6. Previous research, including
the SEARCH study (34), has indicated
that youth with type 2 diabetes have
poorer HRQOL than those with type 1

Table 3—Longitudinal associations between elevated symptoms of depression, BE, and impaired HRQOL with glycemia,
blood pressure, and diabetes-related complications*

Elevated symptoms of
depression (BDI-II score $14) BE

Impaired quality of life
(HRQOL score <71.8)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

BMI (per 5 kg/m2)† 1.03 (0.93, 1.15) 0.57 1.18 (1.05, 1.33) 0.004 1.12 (1.00, 1.26) 0.04

Mean HbA1c (per 1%)† 1.09 (1.00, 1.18) 0.04 0.91 (0.81, 1.02) 0.09 1.05 (0.96, 1.16) 0.29

Mean SBP (per 10 mmHg)† 1.17 (0.96, 1.44) 0.12 0.90 (0.65, 1.26) 0.54 1.28 (1.02, 1.60) 0.03

Mean DBP (per 10 mmHg)† 1.25 (0.99, 1.57) 0.06 0.89 (0.63, 1.27) 0.55 1.24 (0.94, 1.65) 0.12

Hypertension† 1.46 (1.02, 2.08) 0.04 0.92 (0.57, 1.48) 0.73 1.65 (1.09, 2.50) 0.02

Mean LDL (per 10 mg/dL)† 0.99 (0.92, 1.05) 0.68 0.98 (0.89, 1.08) 0.74 1.00 (0.93, 1.08) 0.97

Dyslipidemia† 0.80 (0.56, 1.14) 0.22 0.98 (0.61, 1.57) 0.94 0.84 (0.56, 1.26) 0.40

Microalbuminuria† 1.11 (0.80, 1.55) 0.54 1.02 (0.64, 1.61) 0.94 1.03 (0.71, 1.48) 0.89

Neuropathy† 1.23 (0.82, 1.84) 0.31 0.91 (0.56, 1.48) 0.72 1.30 (0.84, 2.00) 0.24

Retinopathy‡ 1.34 (0.95, 1.91) 0.10 1.07 (0.67, 1.71) 0.78 1.09 (0.73, 1.61) 0.68

Retinopathy progression‡ 1.75 (1.16, 2.64) 0.007 1.30 (0.70, 2.38) 0.40 1.80 (1.14, 2.84) 0.01

Bolded data are statistically significant (P < 0.05). *ORs, 95% CIs, and P values from generalized estimating equations models examining the
longitudinal relationship between the binary outcomes and factors and complications during TODAY2. The generalized estimating equations
models are adjusted for age, duration of diabetes, sex, race/ethnicity, time-varying BMI (except in the BMI model), and highest household
level of income at TODAY baseline. †Time-varying covariates. Time-weighted mean values for HbA1c, SBP, DBP, and LDL are used, representing
the running means up to each visit starting since TODAY baseline. ‡Fixed covariates.
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diabetes. Women, when compared with
men, had poorer quality of life in SEARCH
and TODAY2. The reasons women report
poorer HRQOL are not known but may
relate to psychosocial concerns (34).
Longitudinal analyses examining rela-

tions between psychiatric symptoms
and quality of life with comorbidities
and complications provided additional
information. Specifically, the current study
provides the strongest evidence to date
that depressive symptoms are related to
diabetes management. Previous evidence
from adult studies has been inconsistent,
with some studies (6,35,36), but not
others (9,37–39), showing an association.
Pediatric studies are limited, but like stud-
ies of adults, findings have been variable.
The current findings document a relation-
ship between HbA1c and depressive symp-
toms in a carefully assessed cohort over a
6-year period of observation. Whether
treatment of depression would improve

levels of glycemia in this population, or
conversely, whether achieving and main-
taining target glycemic outcomes would
be associated with decreases in depres-
sive symptoms, is unknown.

Type 2 diabetes in youth represents a
“severe phenotype” that is associated
with the early onset of comorbidities and
complications relative to adult-onset type
2 diabetes (4). In the TODAY2 cohort,
participants had high rates of hyperten-
sion, dyslipidemia, and microalbuminuria,
and by year 6, 60.1% of participants had
developed at least one microvascular
complication (2). Results of the current
study indicated that depressive symp-
toms and impaired quality of life were
associated only with hypertension and
retinopathy progression. Complications
such as neuropathy are more difficult to
characterize over time, and the develop-
ment of cardiovascular disease, the major
cause of morbidity and mortality in

diabetes, takes many years to become
evident. Longer follow-up may be needed
to understand the relationship of psycho-
social factors and the development of
complications among those youth-onset
type 2 diabetes.

Other factors, such as poverty, envi-
ronment, poor diet, and lower levels of
physical activity, that were not assessed
in TODAY2 have been implicated in the
etiopathogenesis of depression, as well
as glycemia levels outside the target
range, and the development of compli-
cations in type 2 diabetes (22,40). The
TODAY study group previously reported
an association between lacking health
care coverage and having higher HbA1c
(41). Although social determinants of
health were not examined comprehen-
sively in TODAY2, the findings suggest-
ing a relationship between a proxy of
financial strain and health in the current
sample indicate that future work to
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Figure 1—Percentage of participants with elevated symptoms of depression (A), BE (B), and impaired HRQOL (C) over time during TODAY2, by sex.
P value from generalized estimating equations models testing for a sex difference over time, in models adjusted for age and duration of diabetes.
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understand health inequities is of criti-
cal importance.

The strengths of the current study
include the diverse longitudinal sample
and the standardized assessment of car-
diovascular risk factors and complica-
tions over time. It should be noted that
the TODAY2 cohort may not be repre-
sentative of the population of youth
with type 2 diabetes. The lack of inter-
view assessments to ascertain psychiatric
symptoms and diagnosable disorders also is
a limitation. Standardized self-report assess-
ments were used to evaluate depressive
and eating disorder symptoms and HRQOL,
but misuse of insulin as a symptom of dis-
ordered eating was not included. Although
physical activity and diet were collected in
the parent TODAY study, the information
was not obtained during TODAY2. For
those reasons, we were unable to account
for the effect of physical activity and diet in
the analyses over time. Similarly, the use of
TODAY baseline income as a proxy for
financial strain and insufficient assessment
of social determinants of health are signifi-
cant drawbacks.

Taken together, the TODAY random-
ized trial (10,11) and the TODAY2 study
have documented that elevated rates of
depressive and eating disorder symp-
toms and impaired HRQOL are common,
emerge early in the course of illness, and
continue through young adulthood
among individuals with youth-onset
type 2 diabetes. Clinically significant
psychiatric symptoms and impaired
HRQOL among emerging adults with
youth-onset type 2 diabetes are related
to glycemia, hypertension, and retinopa-
thy progression in this group that is at
ongoing risk for medical morbidity.
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