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OBJECTIVE

This study examined parental factors associated with outcomes of youth in the
Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) clinical
trial.
RESEARCH DESIGN AND METHODS

Of 699 youth with type 2 diabetes in the TODAY cohort, 623 (89.1%) had a parent
participate and provide data at baseline, including weight, HbA1c, blood pressure,
symptoms of depression, binge eating (BE), and medical history. Youth were
followed 2–6.5 years. Data were analyzed using regression models and survival
curve methods.
RESULTS

Parental diabetes (43.6% of parents) was associated with higher baseline HbA1c
(P < 0.0001) and failure of youths to maintain glycemic control on study treatment
(53.6% vs. 38.2% failure rate among those without a diabetic parent, P = 0.0002).
Parental hypertension (40.6% of parents) was associated with hypertension in
youth during TODAY (40.4% vs. 27.4% of youth with and without parental hypertension had hypertension, P = 0.0008) and with higher youth baseline BMI z scores
(P = 0.0038). Parents had a mean baseline BMI of 33.6 kg/m2. Parental obesity
(BMI >30 kg/m2) was associated with higher baseline BMI z scores in the youth (P <
0.0001). Depressive symptoms in parents (20.6% of parents) were related to youth
depressive symptoms at baseline only (P = 0.0430); subclinical BE in parents was
related to the presence of subclinical BE (P = 0.0354) and depressive symptoms
(P = 0.0326) in youth throughout the study period.
CONCLUSIONS

Parental diabetes and hypertension were associated with lack of glycemic control,
hypertension, and higher BMI z scores in youth. Further research is needed to
better understand and address parental biological and behavioral factors to improve youth health outcomes.
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Youth-onset type 2 diabetes has been
on the rise for two decades in the U.S.
Diabetes-related complications and
comorbidities, including retinopathy,
hypertension, and albuminuria, are
now observed in adolescents (1–8).
Treatment Options for type 2 Diabetes
in Adolescents and Youth (TODAY) was
one of the ﬁrst large randomized clinical trials to evaluate the safety and efﬁcacy of different treatment regimens
(9). The multicenter study group enrolled and monitored the largest
ethnically diverse and well-characterized
cohort of youth with type 2 diabetes in
the world.
A family history of type 2 diabetes increases the risk of children developing
diabetes (10), but whether the presence
of diabetes in the parent is associated
with more difﬁculty in achieving and
maintaining glycemic control in youth
and/or the earlier development of
diabetes-related complications is unknown. The physical and mental health
status of a parent may affect the general
health or functioning of the child
(11,12). However, whether the presence
of parental obesity, hypertension, and/
or depression is associated with greater
hypertension, obesity, and depressive
symptoms in their children with type 2
diabetes has not been well studied. The
TODAY study collected data from the
parents of youth participants, allowing
for analyses that could help increase our
understanding of how parental health
status may affect the health and behavior of youth with type 2 diabetes. This
information could inform the future development of targeted parent/child interventions to improve outcomes for
youth with type 2 diabetes. The current
analyses examined the following questions in TODAY study participants:
1. Is the presence of diabetes in a parent associated with poorer glycemic
outcomes (failure to maintain glycemic
control), youth medication adherence,
BMI z score, and diabetes-related
complications?
2. Is the presence of parental hypertension or obesity associated with hypertension or obesity in the offspring?
3. Is the presence of depressive symptoms or binge eating (BE) in parents
associated with youth outcomes?
4. Is the occurrence of medical serious
adverse events (SAEs) in parents
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(reﬂecting major medical problems
in parents according to standard clinical trial SAE criteria) associated with
failure to maintain glycemic control
in their youth, youth medication adherence, BMI z score, and diabetesrelated complications?
RESEARCH DESIGN AND METHODS

The design of the TODAY study has been
previously described (13,14). Overweight youth (n = 699, ages 10–17)
with recent-onset type 2 diabetes (median 5 months) were randomized to
receive metformin alone, metformin
with rosiglitazone, or metformin with
an intensive lifestyle intervention. The
primary outcome was time to treatment
failure based on glycemic control (HbA1c
.8% [.64 mmol/mol]) over 6 months
or inability to wean from temporary
insulin therapy within 3 months after
acute metabolic decompensation. Data
collected on youth at baseline included
age, sex, race/ethnicity, and family
structure (with whom the participant
lived). Height, weight, HbA1c, and blood
pressure were assessed in youth at
baseline, every 2 months in the ﬁrst
year, and quarterly thereafter. Urine albumin and creatinine were assessed at
baseline and annually. Medication adherence based on pill count was assessed at each follow-up visit with a
goal of $80%. SAEs (based on standard
deﬁnitions for clinical trials) that occurred in youth during the study were
also collected. Hypertension was deﬁned as high blood pressure ($130/80
mmHg or $95th percentile for age, sex,
and height based on Centers for Disease
Control and Prevention normative data)
or use of appropriate medication. Microalbuminuria was deﬁned as an albuminto-creatinine ratio $30 mg/mg in two of
three urine samples collected over $3
months or use of appropriate medication. Retinopathy was assessed by fundus
photography in the last year of the
study (7).
Depressive symptoms during the
past 2 weeks were assessed using the
Children’s Depression Inventory (CDI)
for participants up to age 16 or the Beck
Depression Inventory (BDI) for those 16
or older. A score $13 on the CDI or $14
on the BDI indicated clinically signiﬁcant
levels of depressive symptoms (15,16).
Responses on the self-report Youth Eating Disorder Examination Questionnaire

(Y-EDEQ) were used to identify the presence of BE, deﬁned as the number of
times in the past 28 days the participant
reported episodes of overeating with an
associated loss of control. Subclinical BE
was deﬁned as reporting 1–3 BE episodes in the past month, and clinical
BE was $4 (17). The BDI, CDI, and YEDEQ were administered to the youth
at baseline, month 6, and month 24 of
the study. Youth hypertension, microalbuminuria, depressive symptoms, subclinical BE, and clinical BE were assessed
at baseline and cumulatively during the
entire study period (including baseline
through end of study visits).
Each youth was accompanied by an
adult caregiver, called the family support
person (FSP), most of whom were parents.
The FSP had to provide signed informed
consent stating willingness to perform
functions, including accompanying the
youth to all study visits and participating
in data collection. Baseline data were collected from FSPs, including age, sex, race/
ethnicity, height, and weight measured by
clinic staff, depressive symptoms (BDI),
and an adult version of the EDEQ to determine subclinical and clinical BE deﬁned
in a similar manner as for the youth (18).
History of diabetes and hypertension were
obtained from the biological FSP parent
via self-report at baseline. Highest household level of education and total household annual income were recorded. SAEs
occurring in FSPs, such as death, hospitalization, birth of a baby with a congenital
anomaly, disability, or any other lifethreatening medical event, were documented during follow-up.
The protocol was approved by the institutional review board for each of the
participating institutions. All participants
provided informed consent and minor
child assent.
Statistical Methods

Associations between parental characteristics and youth outcomes were analyzed
using logistic regression models (for binary outcomes) and general linear models
(for continuous outcomes).
Comparison of glycemic failure on assigned treatment in the youth by parental
diabetes status and diagnosis of youth hypertension by parental hypertension were
analyzed using survival curve methodology with log-rank tests. At baseline, all
TODAY youth were free of glycemic failure
per study protocol but could be enrolled if
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previously diagnosed with hypertension
that was controlled with appropriate medical therapy.
All analyses were considered exploratory, with statistical signiﬁcance deﬁned as P , 0.05. SAS 9.3 software
(SAS Institute Inc., Cary, NC) was used
for all analyses.
RESULTS

Of the 699 TODAY youth participants,
623 (89.1%) had a parent join as the
FSP at baseline and were included in
the analysis sample; 88.6% of FSPs
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were mothers (97.6% biological) and
11.4% were fathers (95.8% biological).
There were no differences in baseline
youth characteristics (sex, race/ethnicity, age, BMI, HbA1c, blood pressure) between those included or not included in
the analyses. Characteristics of the parents and youth are reported in Table 1.
At baseline, 63.3% of parents were
obese, 43.6% reported diabetes, 40.6%
reported hypertension, and 74.2%
reported a total annual household income of ,$50,000. Youth characteristics have been previously described

(5,7,9,19–22): 63.4% were female, at
baseline 42.6% lived with both parents,
their mean BMI z score was 2.23, and
45.4% were unable to maintain glycemic
control regardless of assigned treatment during an average follow-up of
3.8 years.
Each parent characteristic from Table 1
(apart from age, sex, and race/ethnicity)
was univariately related to each youth
outcome collected at baseline or during
the study. Tables 2 and 3 present the
results from these associations, and
signiﬁcant results are further discussed

Table 1—Characteristics of the parent and youth participants in the TODAY study (n = 623)
Parent at baseline*

Youth at baseline

Youth during study**

41.5 6 6.7

13.9 6 2.0

d

Female

88.6

63.4

d

Race/ethnicity
Non-Hispanic Black
Hispanic
Non-Hispanic White
Other

33.8
35.5
23.4
7.3

32.1
40.0
21.2
6.7

d
d
d
d

Household highest level of education
Less than high school
High school or GED
Some college
College degree or higher

25.7
24.8
32.6
16.9

d
d
d
d

d
d
d
d

Household total annual income
,$25,000
$25,000–$49,999
$$50,000

40.4
33.8
25.8

d
d
d

d
d
d

d
d
d

42.6
54.4
3.0

d
d
d

33.6 6 7.8
63.3

35.0 6 7.7
71.4

36.0 6 7.9
76.9
2.18 6 0.50

Age (years)

Family structure
Living with both parents
Living with either one
Living with neither
BMI (kg/m2)
BMI .30 kg/m2

d

2.23 6 0.47

43.6

100

d

d

6.0 6 0.8 (42 6 9)

7.1 6 1.6 (54 6 17)

Medication adherence $80%
SAE(s) reported $1

d
16.4

d
d

57.1
21.5

Hypertension

32.6

BMI z score
Diabetes
HbA1c, % (mmol/mol)

40.6

17.8

Diabetic retinopathy

d

d

14.1

Microalbuminuria

d

5.9

18.1

CDI score

d

7.1 6 6.4

d

BDI score

8.3 6 8.8

6.0 6 7.5

d

Depressive symptoms†

20.6

15.0

27.9

Categories of BE‡
Subclinical BE
Clinical BE

10.8
5.3

17.1
8.3

40.9
17.1

Data are presented as mean 6 SD or %. *Highest level of education and annual income refer to information on the household; parental diabetes and
hypertension refer to information on the biological FSP parent; all other parent factors refer to information on the primary caregiver parent at
baseline except for SAE(s) reported, which were based on data collected during the study. **Youth factors during the study include baseline data.
†The presence of clinically signiﬁcant mood impairment or depressive symptoms within the last 2 weeks was indicated by a CDI score $13 (for
participants ,16 years old) or a BDI score $14 (for participants $16). At baseline, 24% of the youth were $16 years old and completed the BDI; all
others completed the CDI. ‡BE episodes were the number of times in the past 28 days the participant reported episodes of overeating with an
associated loss of control; subclinical BE was deﬁned as 1–3 episodes, and clinical BE was deﬁned as $4 episodes.
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Table 2—Association between parent (rows) and youth (columns) factors at baseline and during the study*

Hypertension
No
Yes
P value

SAE reported
None
$1
P value

Diabetes
No
Yes
P value

BMI .30 kg/m2
No
Yes
P value

Parent factors

2.23 6 0.46
2.22 6 0.48
0.8328

2.19 6 0.47
2.30 6 0.45
0.0038

2.21 6 0.47
2.32 6 0.45
0.0317

2.23 6 0.46
2.24 6 0.47
0.7910

2.04 6 0.47
2.29 6 0.40
<0.0001

BMI z

6.0 6 0.8
6.1 6 0.8
0.6707

6.0 6 0.7
6.1 6 0.7
0.1252

5.9 6 0.7
6.2 6 0.8
0.0004

6.0 6 0.8
6.1 6 0.8
0.1647

5.9 6 0.7
6.2 6 0.8
<0.0001

6.0 6 0.7
6.0 6 0.8
0.6502

HbA1c (%)

42 6 9
44 6 9
0.1893

42 6 9
43 6 9
0.6707

42 6 8
43 6 8
0.1252

41 6 8
44 6 9
0.0004

42 6 9
43 6 9
0.1647

41 6 8
44 6 9
<0.0001

42 6 8
42 6 9
0.6502

21.1
13.1
21.2
0.0582

17.9
15.6
0.7445

17.9
16.7
0.8087

18.1
16.7
0.6976

13.1
24.9
0.0002

16.3
25.5
0.0330

14.8
21.8
0.0262

13.7
14.0
0.9369

53.4
58.8
64.2
0.1292

58.2
43.3
0.1103

56.5
65.6
0.1574

57.5
55.9
0.7566

59.1
53.5
0.1899

57.4
55.6
0.7412

53.4
60.9
0.0724

60.7
59.3
0.8109

Medication
adherence $80% (%)

26.8
21.5
17.1
0.0834

21.3
28.1
0.3773

21.4
24.2
0.5963

19.2
27.0
0.0601

19.6
22.9
0.3286

20.4
27.5
0.1188

18.9
23.4
0.1863

12.9
22.4
0.0275

SAE(s)
reported (%)

33.3
31.9
32.9
0.9542

32.8
28.1
0.5817

33.0
28.8
0.4899

33.4
29.4
0.3858

27.4
40.4
0.0008

31.7
37.3
0.2754

32.5
32.6
0.9953

25.0
33.2
0.1115

Hypertension (%)

46.9
47.1
37.0
0.1075

46.5
37.5
0.3196

45.3
51.5
0.3399

44.5
49.2
0.3489

46.9
42.9
0.3237

43.0
57.8
0.0060

38.2
53.6
0.0002

36.3
46.7
0.0606

Loss of glycemic
control (%)

During study**

Depressive symptoms
No
Yes
P value
2.22 6 0.48
2.29 6 0.35
0.2700

6.0 6 0.8
6.2 6 0.8
0.1893

42 6 9
42 6 9
42 6 8
0.5084

Youth factors

Subclinical BE†
No
Yes
P value
2.23 6 0.46
2.25 6 0.54
0.7898

6.0 6 0.8
6.0 6 0.8
6.0 6 0.7
0.5084

Baseline

Clinical BE
No
Yes
P value

2.24 6 0.46
2.24 6 0.47
2.20 6 0.47
0.6917

HbA1c (mmol/mol) Hypertension (%)

Household annual income
,$25,000
$25,000–$49,999
$$50,000
P value

*Mean 6 SD or % of the factor in the youth are shown in the table by the status of a factor in the parent. The P values are from unadjusted models testing for an association between the parental factor and the
youth factor (P , 0.05 in bold). **Youth factors during the study include baseline data. †Clinical BE ($4 episodes) was excluded from the comparison group of normal plus overeaters vs. subclinical BE (1–3
episodes).
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Table 3—Association between parent (rows) factors and youth (columns)
depressive symptoms and BE at baseline and during the study*
Youth factors
Depressive symptoms

Subclinical BE†

Clinical BE

Baseline

During
study

Baseline

During
study

Baseline

During
study

BMI .30 kg/m2
No
Yes
P value

11.5
12.0
0.8945

25.0
22.0
0.5245

15.3
18.7
0.4339

29.6
36.2
0.2538

3.3
10.5
0.0119

12.2
17.5
0.1875

Diabetes
No
Yes
P value

14.8
14.5
0.9206

27.2
27.2
0.9965

19.3
17.2
0.5211

34.6
37.1
0.5609

8.0
7.9
0.9752

16.9
16.1
0.8021

SAE reported
None
1 or more
P value

14.9
15.2
0.9552

28.2
26.5
0.7183

19.1
16.3
0.5255

33.9
45.4
0.0462

8.2
8.9
0.8064

17.4
15.7
0.6798

Hypertension
No
Yes
P value

14.3
15.1
0.7667

27.9
26.1
0.6231

17.2
20.4
0.3535

33.5
39.0
0.2116

8.0
8.1
0.9864

15.4
18.4
0.3420

Depressive symptoms
No
Yes
P value

13.2
20.8
0.0430

26.2
33.3
0.1150

17.6
21.3
0.3750

34.7
41.0
0.2464

7.9
10.7
0.3246

15.6
22.1
0.0936

Subclinical BE†
No
Yes
P value

14.5
17.2
0.5786

26.5
39.4
0.0326

17.1
30.9
0.0183

34.4
50.0
0.0354

8.0
12.7
0.2268

16.4
25.0
0.0980

Clinical BE
No
Yes
P value

15.1
9.4
0.3462

27.7
31.3
0.6690

18.7
14.8
0.6048

35.6
41.7
0.5501

8.2
12.9
0.3915

17.0
22.6
0.4386

Household annual income
,$25,000
$25,000–$49,999
$$50,000
P value

16.2
20.1
7.8
0.0053

28.1
33.5
18.5
0.0074

18.0
20.2
17.0
0.7591

34.4
40.3
30.4
0.2281

6.4
9.2
9.1
0.4863

16.6
14.5
19.6
0.4771

Parent factors

*% of the factor in the youth are shown in the table by the status of a factor in the parent; P
values from unadjusted models testing for an association between the parental factor and the
youth factor (P , 0.05 in bold). Youth factors during the study include baseline data. †Clinical BE
($4 episodes) was excluded from the comparison group of normal plus overeaters vs. subclinical
BE (1–3 episodes).

below. Parental diabetes was signiﬁcantly related to youth glycemic control
(Table 2 and Fig. 1A). Baseline HbA1c was
signiﬁcantly higher in youth who had a
parent with diabetes (mean 6.2% [SD
0.8]; 44 mmol/mol [SD 9]) compared
with those whose parent did not have
diabetes (mean 5.9% [SD 0.7]; 41
mmol/mol [SD 8]; P , 0.0001). Of those
with a parent who had diabetes, 53.6%
failed to maintain glycemic control
(reached primary outcome) compared
with 38.2% of those without a parent
with diabetes (P = 0.0002). Figure 1A
shows treatment failure by parental diabetes status, reﬂected in the statistically

signiﬁcantly higher youth baseline
HbA1c in those whose parents had diabetes and the widening difference
between failure rates over time. When
analyses evaluating parental diabetes
were restricted to only FSP biological
mothers (n = 532), all the associations
between maternal diabetes and youth
glycemic control remained (P =
0.0002). Given the small number of
FSP biological fathers (n = 67), similar
analyses were not performed for the
fathers.
Parental diabetes also related to
youth hypertension at baseline (P =
0.0262) but not to hypertension

diagnosed in youth during the entire trial
period. No association was found between diabetes in a parent and youth
diabetic retinopathy or microalbuminuria (data not shown), in youth BMI z
score at baseline, or in medication adherence during the study. Among parents with a BMI .30 kg/m 2 , the
baseline mean (SD) BMI z score of the
youth was 2.29 (0.40) compared with
2.04 (0.47) among youth with a nonobese parent (P , 0.0001). Changes in
youth BMI and BMI z scores were minimal during the study and were not explored further.
Parental hypertension was related to
hypertension in the youth. Whereas
there were higher rates of hypertension
at baseline in youth with a parent with
hypertension (24.9% vs. 13.1%, P =
0.0002), the change in the percentage
of youth free of hypertension during
the entire study period was similar in
those with and without parental hypertension (Fig. 1B). By the end of the
study, 40.4% of the youth with parental
hypertension had been diagnosed with
hypertension compared with 27.4% of
those with no hypertensive parent (P =
0.0008). In 143 parents with both diabetes and hypertension, 30.8% of youth
had hypertension at baseline compared
with 13.9% of youth with parents with
either diabetes or hypertension or neither (P , 0.0001). Among the parents
with and without hypertension, the
mean (SD) BMI z score of the youth at
baseline was 2.30 (0.45) and 2.19 (0.47),
respectively (P = 0.0038). Parental hypertension also related to higher HbA1c
at baseline (P = 0.0004).
The percentage of youth with signiﬁcant depressive symptoms at baseline
was 20.8% in participants with a parent
with depressive symptoms at baseline
versus 13.2% in those without a parent
with depressive symptoms (P = 0.0430;
Table 3); the relationship was no longer
signiﬁcant by the end of the study. Also,
depressive symptoms in the parent did
not relate to youth BMI z score or HbA1c
at baseline and did not correlate with
medication adherence, development of
diabetes-related complications, or occurrence of SAEs in youth during the study.
Parental subclinical BE (1–3 episodes
in the past month) at baseline, reported
by 10.8% of the FSP parents, related to
greater depressive symptoms in the
youth by the end of the study (P =
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the offspring (data not shown; P =
0.0340) and development of microalbuminuria (data not shown; P =
0.0091). Low household annual income
(,$50,000) was related to the presence
of youth depressive symptoms at baseline (P = 0.0053) and cumulatively by the
end of the study (P = 0.0074). Youth who
failed randomized diabetes treatment
assignment (loss of glycemic control)
were more likely to have a parent with
at least one SAE (57.8%) versus 43.0% of
the TODAY youth with no SAEs in a parent (P = 0.0060). There were 195 SAEs in
111 FSPs, including 11 deaths (7 related
to cardiovascular disease and 1 cancer).
SAEs were predominantly hospitalizations (94%), and the most common
were related to cardiovascular disease
(26%), infections (11%), and renal disease (9%). Offspring of parents with
SAEs had higher BMI z scores (P =
0.0317) and more hypertension at baseline (P = 0.0330) and were more likely to
be classiﬁed with subclinical BE episodes
by the end of the study (P = 0.0462).
However, parental SAEs were not associated with medication adherence, diagnosis of hypertension by the end of the
study, retinopathy, microalbuminuria, or
depressive symptoms in the youth.
CONCLUSIONS

Figure 1—Survival curves to 48 months and log-rank test results based on data up to 6 years of
follow-up. A: Freedom from glycemic failure in youth on assigned treatment by parental diabetes. At baseline, all TODAY youth were free of glycemic failure per study protocol. B: Hypertension in youth by parental hypertension. At baseline, youth were eligible if diagnosed with
hypertension that was controlled by appropriate medication.

0.0326) and to subclinical BE in the youth
at baseline (P = 0.0183) and cumulatively
by the end of the study (P = 0.0354). Parental clinical BE at baseline was not signiﬁcantly related to any other youth

outcomes, but was only present in 5.3%
of parents.
Low household education level (less
than college degree) was associated
with a higher baseline BMI z score in

A history of type 2 diabetes in a ﬁrstdegree relative is a well-known risk factor for diabetes developing at a young
age (23,24), and TODAY has already reported that 59.6% of the study cohort
had a nuclear family member with diabetes, which rose to 89.5% when grandparents were included (9). Our analyses
have shown a signiﬁcant relationship
between glycemic control in youth
with type 2 diabetes and diabetes diagnosed in a parent. Most striking is the
very early relationship between parental diabetes status and youth glycemic
control, followed by a continuing significant effect over time shown in Fig. 1A.
An area of future research could include
investigations to further our understanding on how parents’ glycemic control affects youth’s glycemic control
where one or both parents have a diagnosis of type 2 diabetes.
This inequity early in the natural history of youth onset type 2 diabetes may
be due to environmental, lifestyle, genetic, and epigenetic factors. The possible role of an adverse intrauterine
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environment on the development of diabetes was introduced more than two
decades ago (25) and was further studied
in the Pima Indians and other populations (26). The extent to which youthonset type 2 diabetes is associated with
speciﬁc genetic abnormalities is currently under investigation. TODAY
previously reported a signiﬁcant association between higher HbA1c at baseline
and failure to maintain glycemic control,
possibly related to greater deterioration
in pancreatic b-cell function (19). These
ﬁndings highlight the importance of identifying and closely monitoring youth with
type 2 diabetes who may require early
intensiﬁcation of therapy, which occurs
more frequently in those with a parental
history of diabetes.
Many youth (17.8%) already had hypertension at baseline, which was
more common in those with a parental
history of hypertension. This is not a
surprising result, considering the occurrence of youth hypertension may
be largely genetically determined.
Youth hypertension at baseline was
also more common in those with parents with diabetes. It is possible
that a pediatrician or family practitioner, knowing about the positive
family history of hypertension and/or
diabetes, would be more diligent in
checking the status of the youth. The
higher prevalence of youth with hypertension at baseline in the 143 parents
with diabetes and hypertension (30.8%
vs. 13.9% of youth with parents with
diabetes or hypertension or neither)
may be due to increased clinician attention as well as to the compounding
effect of a parent with multiple diagnoses. Environmental inﬂuences, such as
parental obesity, presence of depressive symptoms or BE, and household
annual income, were not associated
with hypertension in youth.
Elevated depressive symptoms in parents were associated with elevated depressive symptoms in youth at baseline.
This is consistent with the large body of
literature reporting that indicators of
parental depression relate to a range
of youth problems in cognitive, behavioral, and emotional domains (27). This
has been shown for maternal and paternal depression (28,29). The effect of socioeconomic status (as expressed by
household annual income) on the relationship between depressive symptoms
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in parents and youth as a confounder or
mediator bears further study.
We did not ﬁnd a relationship between symptoms of depression in parents and youth baseline BMI, baseline
HbA1c, medication adherence, or development of complications. In several
studies of youth in the community, parental depression has been associated
with poor parenting skills and especially
low levels of warmth and high levels of
parental criticism (30,31). These factors
have been found to be associated with
poorer adherence and glycemic control
in children with type 1 diabetes (32),
although Butler et al. (33), who found
a relationship between parenting style
and youth depression in a group of
adolescents with type 1 diabetes, found
no relationship between parenting style
and adherence. In a sample of adolescents with type 1 and type 2 diabetes,
Eckshtain et al. (34) found that parental
depression had an indirect effect on
youth depression, via less parental involvement, and that youth depression
was related to glycemic control. They
reported that parents with elevated depressive symptoms performed less
monitoring of youth and that this behavior was associated with poorer glycemic
control, as was parent-reported youth
depression. However, youth reports of
depressive symptoms in TODAY did not
relate to glycemic control. In the current
study, we relied on youth self-report of
depressive symptoms, and this method
may explain why we found no relationship. Also, youth were involved in an
active and highly supportive intervention with a number of caring adults,
and these relationships might have
ameliorated any negative effects of parental depression on their outcomes.
Disordered eating is a signiﬁcant comorbidity that can complicate the medical management of diabetes. Children
who report engaging in disordered eating behaviors are at greater risk for developing increased shape and weight
concerns than those who do not report
these behaviors and are at increased risk
for developing type 2 diabetes (35,36).
TODAY previously reported that at baseline, type 2 diabetes youth with BE had
higher levels of obesity, greater global
eating, and weight and shape concerns
(21). An association between disordered
eating in parents without diabetes, particularly mothers, and children has been

previously reported (37). Twin studies
suggest that this relationship is due to
the moderate heritability of disinhibited
eating moderated by a shared environment (38,39). We did not ﬁnd an association between parental BE and youth
outcomes in our study but did ﬁnd an
association between subclinical BE in
parents and subclinical BE in their youth
with type 2 diabetes, suggesting that
assessments for disordered eating in
parents as well as in youth may be
important.
Although the links that we found between parental mental health difﬁculties (depression, disordered eating)
and youth outcomes are not dramatic,
they are of concern. The data cited earlier suggest that depression and disordered eating in parents may contribute
to these and other problems in their
children, which in turn may predict
problems in adulthood. It is important
for researchers to explore these outcomes more fully. Also, practitioners
should take these mental health issues
into account when planning their interventions. This might include assessments of depression and disordered
eating in parents as well as youth and
behavioral/psychosocial interventions
that target the family rather than only
the child, using a family-centered approach to care. In the TODAY study, a
parent was involved in the intervention
itself, but his or her role was to support
the child, and any potential beneﬁt for
the parent would have been indirect. A
true family-centered approach would
help the parent focus on his or her
own needs and problems as well. For
example, it would be interesting to learn
whether an intervention for a parent
with diabetes that addresses parental
glycemic control and weight would result in improved youth glycemic control
and weight.
Limitations of this study include the
small number of FSP participants who
were fathers and the use of selfreported recent depressive symptoms
(2 weeks) and eating behaviors (28 days)
rather than clinical diagnoses derived
from structured psychiatric interviews.
Furthermore, we lack information concerning depression and BE in non-FSP
parents. Because we did not measure
parenting behaviors, we cannot assess
this potential connection. Diagnoses of
diabetes and hypertension in parents
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were obtained by self-report, which may
underestimate their prevalence. There
was also lack of HbA1c data in parents.
Strengths of the current study include
the large, well-characterized multiethnic
cohort of subjects with youth-onset type
2 diabetes and detailed data collected
from their parents.
In conclusion, this treatment trial of
youth-onset type 2 diabetes found parental diabetes, hypertension, and obesity were associated with failure to
maintain glycemic control and a greater
prevalence of hypertension and obesity
in the youth. Further research is needed
to better understand the factors responsible for these ﬁndings.
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