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Abstract

Purpose of Review This paper aims to examine how self-regulation (i.e., cognition, emotion) and social-regulation (i.e., parents,
friends, romantic partners) are interrelated risk and protective factors for type 1 diabetes management during late adolescence and
emerging adulthood.

Recent Findings Problems in cognitive (e.g., executive function) and emotional (e.g., depressive symptoms) self-regulation are
associated with poorer management, both at the between- and within-person levels. Better management occurs when parents are
supportive and when individuals actively regulate the involvement of others (e.g., seek help, minimize interference). Friends both
help and hinder self-regulation, while research on romantic partners is limited.

Summary Facets of self- and social-regulation are important risk and protective factors for diabetes management during emerg-
ing adulthood. At this time when relationships are changing, the social context of diabetes may need to be regulated to support
diabetes management. Interventions targeting those with self-regulation problems and facilitating self- and social-regulation in

daily life may be useful.
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Introduction

The transition period from late adolescence to emerging adult-
hood (18-30 years) has been characterized as a high-risk time
for managing type 1 diabetes (T1D). In the years following
high school, emerging adults experience uncertainty as they
explore future options, move out of their parents’ home,
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enter college or join the work force, transfer from pediatric
to adult care, and assume more responsibility for managing
T1D [1, 2]. These many transitions may contribute to findings
that less than one third of emerging adults meet recommenda-
tions for self-care and glycemic control, and many experience
the beginning of microvascular complications [2]. However,
longitudinal studies suggest that individuals vary greatly in their
trajectories of glycemic control across this transition, with some
showing deterioration across adolescence that continues into
emerging adulthood, others reaching a plateau in late adoles-
cence and then declining, and still others showing stability
across development [3, 4¢]. Understanding the risk and protec-
tive factors that may explain such variability is imperative for
promoting optimal management in this population.

Late adolescence and emerging adulthood may be especial-
ly difficult because T1D management is a complex regulatory
task that is challenged during this transitional time. To manage
T1D effectively, individuals must regulate both themselves
and their social relationships. Self-regulation involves the
modulation of emotions, cognitions, and behaviors to achieve
diabetes management goals. Social-regulation [Se¢] includes
both how others may modulate one’s emotions, cognitions,
and behaviors to support diabetes management, as well as
how individuals with T1D may actively regulate the
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involvement of others. This may involve disclosing to others
[6], seeking out helpful involvement, and preventing unhelp-
ful involvement from others [7]. For example, effective adher-
ence behaviors (e.g., testing blood glucose and adjusting in-
sulin while out for dinner with friends) are more likely if
individuals regulate not only their cognitions (remember to
test) and emotions (minimize distress about managing diabe-
tes) but also their social environment (solicit help from others
to support their testing or keep others from interfering
with testing). Individual differences in self-regulatory ca-
pacity (e.g., executive function, emotion regulation
skills) are associated with diabetes management during
late adolescence [8, 9¢], and may affect both self- and
social-regulation processes. However, these capacities are
still developing in emerging adulthood, and the regulato-
ry system is likely to be challenged as emerging adults
face numerous life changes while experiencing declines
in parental involvement [10, 11] and increasingly man-
aging diabetes in the presence of peers.

Our framework posits that self- and social-regulation are
differentiated (yet related) structures that are important for
T1D management and that change in their relationship during
late adolescence and emerging adulthood [5ee, 12¢]. We have
examined an array of diabetes-related facets of self-regulation
(e.g., cognitive self-regulation failures such as forgetting to
test, self-efficacy, positive and negative affect) and social-
regulation (e.g., disclosing diabetes information to parents,
receiving parental help), both at the individual difference as
well as the daily level. Findings demonstrate that self- and
social-regulation for diabetes management are associated in
late adolescence and in early emerging adulthood.
However, when late adolescents begin to emerge into
adulthood, aspects of social-regulation (i.e., mothers’ daily
assistance) no longer predict coordinated changes toward
better self-regulation and diabetes management [S5ee, 13].
Such findings raise central questions of whether and how
other aspects of social-regulation become connected to
self-regulation to support diabetes management in emerg-
ing adulthood.

In the present report, we review key components of self-
and social-regulation that may comprise risk and protective
factors for TID management during late adolescence and
emerging adulthood. A comprehensive review is beyond our
scope (for additional reviews, see [12¢e, 14, 15¢]). Instead, we
highlight two facets of self-regulation (i.e., cognitive and emo-
tional self-regulation processes) and of social-regulation (i.e.,
social-regulation involving parents and peers) that have been
the focus of active research and appear important for diabetes
management. We review how these facets are associated with
diabetes management during late adolescence and emerging
adulthood, and explore links between self- and social-
regulation at this time of development. Findings suggest that
emerging adulthood is not a time when the goal is to be
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“independent” from others in diabetes management, but rather
is a time when one needs to engage one’s social relationships
to be involved in and supportive of diabetes management.

Individual Risk and Protective Factors
in the Self-Regulation of T1D

Cognitive Processes and Self-Regulation in T1D
Management

Research on cognitive function as a resource for managing
T1D is fairly new in pediatric and adolescent diabetes [8,
16—18]. Prior research examined whether those with T1D
may have lower cognitive function than their healthy counter-
parts [19, 20]. Recently, however, researchers have examined
how overall intellectual functioning [16] and self-report [21]
and performance-based measures of executive function (EF)
[9+, 22] may be associated with better adherence and glycemic
control during late adolescence and emerging adulthood.

Problems with EF pose risks for poorer adherence and gly-
cemic control during late adolescence and emerging adult-
hood. EF has most frequently been examined via the BRIEF
[23], a widely used self-report measure that assesses a range of
problems in EF (e.g., I do not plan ahead for future activities).
More parent-reported EF problems during early adolescence
[24, 25] and self-reported EF problems during late adoles-
cence [9¢] were associated concurrently with poorer adher-
ence and/or glycemic control. Self-reported EF and diabetes
management are also related longitudinally [21]. Increases in
parent-reported behavioral regulation (i.e., subscale measur-
ing ability to shift cognitive set and maintain emotional con-
trol) were related to slower deterioration in adherence across
2 years in early adolescence; scores on the metacognitive sub-
scale were not associated with changes in adherence across
time. The authors suggested that these different patterns may
have occurred because parents see and engage more with the
behavioral aspects of adherence than with the metacognitive
processes (e.g., planning) that are involved in adherence [21].
In a follow-up report, fewer EF problems on the composite
BRIEF scale identified a low-risk group that maintained good
glycemic control across 3 years [26¢]. Longitudinal research is
needed across late adolescence and emerging adulthood, es-
pecially given findings that parent-report of EF problems were
associated more strongly with poorer adherence and glycemic
control during late versus early adolescence [27].

Multiple facets of cognition may relate to adherence and
glycemic control during late adolescence and emerging adult-
hood. To assess these, we obtained self- and mother-report
measures of multiple cognitive competencies (e.g., EF,
sustained attention, sensitivity to rewards), as well as
performance-based measures of intellectual function and EF
from late adolescents during their senior year of high school.
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Self- and maternal-reported problems in EF and attention were
associated with poorer adherence and glycemic control [8].
Performance-based measures of EF were associated with bet-
ter glycemic control, but not with adherence [9¢]. Impairments
in emotional decision-making abilities (i.e., lowa Gambling
Task) were especially predictive of deterioration in glycemic
control across the year after high school [22].

Problems in EF may be detrimental because they are asso-
ciated with daily failures in self-regulation and diabetes goal
planning. After completing the BRIEF to measure EF prob-
lems, late adolescents completed a daily diary protocol for
14 days, reporting each day on level of effort and planning
to achieve their most important diabetes goals, self-regulation
failures related to blood glucose testing (e.g., being distracted
or forgetting to test), adherence behaviors, and blood glucose
levels. Greater problems in EF were associated subsequently
with more daily self-regulation failures (»=0.31) [8] and with
less daily planning (»=—10.27) and effort expended toward
diabetes goals (»=—10.25) [7]. In addition, greater daily self-
regulation failures and lower daily goal planning were associ-
ated with lower daily adherence above and beyond the signif-
icant contribution of EF problems. Thus, even individuals
with good EF showed self-regulation lapses in daily life that
disrupted diabetes management, suggesting that interventions
targeting daily self-regulation processes may be useful.

Daily self-regulation failures appear to be a key facet of
cognition related to daily diabetes management. Multiple
facets of daily self-regulation were examined in the daily dia-
ry. In both the senior year of high school [5¢¢] and the year
after high school [13], self-regulation failures were coordinat-
ed with numerous other facets of self-regulation (e.g., adher-
ence behaviors, self-efficacy for diabetes management), such
that changes in self-regulation failures co-occurred with
changes in all other facets. Further, self-regulation failures
served as a “driver” of these coordinated changes in self-reg-
ulation, suggesting that they sparked changes in other facets
(e.g., reducing adherence behaviors, undermining self-
efficacy beliefs). This dynamic systems work suggests that
interventions targeting daily self-regulation failures may
have broad effects on self-regulation to support diabetes
management.

Emotional Processes and Self-Regulation in T1D
Management

Emotional processes represent another important focus of self-
regulation, with difficulties in emotion regulation posing sig-
nificant risks for T1D management. Substantial literatures in-
dicate that individuals with higher symptoms of depression or
diabetes distress (i.e., emotional distress generated by the
challenges of managing diabetes) experience poorer adher-
ence and glycemic control during adolescence [28, 29], and
poorer diabetes management, more microvascular

complications, and heightened health care costs in adulthood
[30, 31]. Presumably, emotion regulation processes underlie
these heightened symptoms [32], raising questions of whether
difficulties in emotion regulation pose a risk for late adoles-
cents and emerging adults with T1D.

Such associations are particularly concerning for late ado-
lescents and emerging adults because depressive symptoms in
non-diabetes populations increase normatively across adoles-
cence, reaching a peak at this time of development [33, 34].
Cross-sectional studies suggest that young adults with T1D
experience higher levels of diabetes distress than either ado-
lescents [35] or older adults [36]. However, longitudinal stud-
ies indicate that elevated symptoms of depression and diabetes
distress are relatively stable across adolescence and emerging
adulthood [37¢, 38]. Such continuity in emotion regulation
difficulties may explain why individuals with heightened dia-
betes distress [39] and depressive symptoms [4e, 39, 40] dur-
ing early adolescence display riskier longitudinal trajectories
of glycemic control into late adolescence and emerging
adulthood.

Regardless of whether late adolescents and emerging adults
show higher emotional distress compared to other ages, ele-
vated emotional distress is prevalent and may undermine dia-
betes management [2]. Recent studies specifically examining
late adolescents and emerging adults reveal that those with
lower emotion regulation skills (by self- and mother-report)
displayed poorer adherence and glycemic control [8].
Similarly, elevated depressive symptoms were associated con-
currently with poorer adherence [41, 42¢] and glycemic con-
trol [41, 43], and elevated diabetes distress was associated
concurrently with poorer glycemic control [37¢]. Although
lack of associations with glycemic control have also been
reported for both depressive symptoms [37¢] and diabetes dis-
tress [35], cross-sectional studies generally support the risk of
emotional distress for poorer diabetes management during
emerging adulthood. Longitudinal studies are less clear. In a
sample of 10—18-year olds, neither baseline levels nor changes
in depressive symptoms predicted glycemic control across
5 years [38]. Similarly, in a sample of 18-30-year olds, neither
depressive symptoms nor diabetes distress predicted glycemic
control across 5 years [37¢]. Future longitudinal research ex-
amining smaller age ranges and time spans may clarify the
direction of associations between emotional distress and
poor diabetes management during late adolescence and
emerging adulthood.

Daily diary studies suggest a central role for emotion reg-
ulation when managing diabetes in daily life. First, individual
differences in emotion regulation are associated with daily
self-regulation surrounding diabetes. Late adolescents who
reported having difficulty with emotion regulation (i.e., lower
emotional awareness, acceptance, and regulation skills) re-
ported more daily self-regulation failures [8], and those with
higher depressive symptoms had more severe daily diabetes
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problems, poorer daily adherence, and poorer daily blood glu-
cose control on average across a 2-week period [41]. On days
when diabetes problems were more severe, participants also
reported poorer adherence. Second, the ability to regulate dai-
ly diabetes-related affect appears to be important for daily
diabetes management. In younger adolescents, lower trait
levels of self-regulation (i.e., lower self-control) were associ-
ated with higher daily diabetes-related negative affect, which
in turn mediated links with higher daily blood glucose [44].
Furthermore, associations of heightened daily negative affect
and lower positive affect with higher daily blood glucose were
mediated through lower perceived competence in managing
diabetes problems [45]. Taken together, findings suggest that
late adolescents with difficulties in emotion regulation expe-
rience self-regulation failures in daily life, potentially gener-
ating more severe diabetes problems and elevating negative
affect which undermine adherence and blood glucose control.
Future research is needed to understand whether and how
daily aspects of emotion regulation are linked to diabetes man-
agement during emerging adulthood. Such research will ben-
efit from precisely measuring different aspects of emotion-
regulation and linking these aspects to daily affect and diabe-
tes self-management processes across time.

Self-Regulation Links to Social-Regulation

Research presented thus far demonstrates the importance of
self-regulation for how late adolescents and emerging adults
individually manage diabetes. However, self-regulation may
also be a foundation for interpersonal processes involved in
diabetes management [14]. For example, late adolescents with
EF problems made fewer daily plans to keep others from
interfering with diabetes goals, and such planning lapses were
associated with poorer daily adherence [7]. Similarly, height-
ened depressive symptoms predicted subsequent problems in
diabetes-related social support [37¢]. In the next section, we
discuss interpersonal processes that are important for the
social-regulation of diabetes management during late adoles-
cence and emerging adulthood.

Interpersonal Risk and Protective Factors
in the Social-Regulation of T1D

Social-Regulation Involving Parents and T1D
Management

Social-regulation in late adolescence and emerging adulthood
frequently involves parents, who may have been heavily in-
volved in diabetes management since diagnosis but whose
role is changing at this time of development. Multiple aspects
of parental involvement in diabetes typically decline across
adolescence (i.e., parent-adolescent relationship quality,
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parental monitoring or knowledge about diabetes, parental
responsibility for diabetes management tasks) [10, 11], as par-
ents become less directly involved in their adolescent’s life.
Moreover, parents transition from direct involvement to being
a backup system of “guiding agents” who are available for
consultation when needed [15¢, 46, 47].

Although parental involvement in T1D continues to
decline across late adolescence and emerging adulthood
[48, 49¢], maintaining a high-quality relationship with parents
provides a key foundation from which individuals can utilize
their parents for support [50]. Warm and responsive relation-
ships with parents were associated concurrently with better ad-
herence and glycemic control, especially during early emerging
adulthood [49e, 51], and those who perceived high parental
support in the year after high school displayed better adherence
across the transition after high school [52]. In contrast, negative
relationships characterized by parental psychological control
[51] or conflict were linked to poorer glycemic control during
emerging adulthood [53]. Responsive and supportive relation-
ships with parents may thus provide a resource for diabetes
management that emerging adults can draw upon when needed.

Parental involvement may support diabetes management
by facilitating self-regulation processes during late adoles-
cence and emerging adulthood. In a sample of emerging
adults, higher parental knowledge (i.e., reflecting higher pa-
rental monitoring and emerging adults’ disclosures to parents)
was not directly associated with better adherence, but was
indirectly associated through lower psychological distress
[42¢]. Furthermore, supportive parental relationships were as-
sociated with lower depressive symptoms and risk behaviors
(e.g., smoking) across the first year after high school [52], and
parental responsiveness predicted lower diabetes distress
across 1 year during early emerging adulthood [49¢]. Such
findings suggest that support from parents may facilitate the
emotion regulation processes that are important for diabetes
management during late adolescence and emerging adult-
hood. It is less clear how social-regulation involving parents
is associated with cognitive aspects of self-regulation, given
limited research. One study reported that relationship quality
with parents during late adolescence was not associated with
daily cognitive self-regulation failures related to blood glu-
cose testing, although receipt of daily help from mothers
was associated with fewer daily self-regulation failures [54].

Social-regulation involves not only how social resources
may facilitate one’s self-regulation (i.e., social resources mod-
ulate one’s own emotions, cognitions, and behaviors) but also
how individuals more directly regulate engagement with those
social resources. Active regulation of parents’ involvement
may be especially important during late adolescence and
emerging adulthood because parents have fewer opportunities
to observe directly their child’s need for support and guidance.
Maintaining positive relationships and disclosing to parents
about diabetes may be ways that parents come to know about
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the need for help with diabetes-related problems. We found
that late adolescents’ diabetes-related disclosures to parents
were associated with higher levels of parental knowledge
about their diabetes management and higher parental help
with diabetes [54]. Disclosure to parents may thus be a pro-
tective social-regulation factor that facilitates self-regulation
and T1D management during late adolescence. Conversely,
keeping secrets about diabetes from parents was inversely
associated with late adolescents’ relationship quality with par-
ents, disclosure, and parental knowledge of diabetes, as well
as poorer adherence and glycemic control [55]. Thus, secrecy
may be a symptom of an unhealthy relationship with parents
that involves the late adolescent’s attempt at regulating their
social environment to reduce negative interactions with par-
ents, but at the risk of undermining diabetes management.

Social-Regulation Involving Friends and Romantic
Partners and T1D Management

Social-regulation increasingly involves peer relationships
(e.g., friends, romantic partners) during adolescence and
emerging adulthood. Adolescents view friends as sources of
both support and conflict, and perceive supportive friends as
beneficial to diabetes management [56]. However, it is unclear
whether friend involvement is helpful or harmful for diabetes
management. A review of research on adolescents concluded
that friend or peer conflict may be more detrimental than sup-
port is helpful for diabetes management [57].

Although research is limited, friends continue to help and
hinder T1D management during late adolescence and emerg-
ing adulthood, with some research supporting the idea that
friend’s support occurs through self-regulation processes.
Perceptions of higher general support from friends (e.g.,
non-diabetes instrumental and emotional support) during the
senior year of high school predicted lower distress, while per-
ceptions of friend conflict predicted higher distress and risk
behaviors over the subsequent year; neither friend support nor
conflict predicted adherence or glycemic control [52]. In a
sample of both adolescents and emerging adults, general
friend support again predicted lower distress but not diabetes
management across the subsequent year [49¢]. Interestingly,
emerging adults who were highly “peer oriented” (i.e., willing
to forego diabetes management to connect with friends)
showed deterioration in glycemic control across 1 year, an
effect that was not present among adolescents [49].
Difficulties in social-regulation involving friends may thus
pose risks for poor diabetes management especially during
emerging adulthood.

Although general friend support was not related to diabetes
outcomes, diabetes-specific support may be helpful. We re-
cently found that diabetes-specific friend support (i.e., friends
are knowledgeable about T1D status and emergency treat-
ment, and provide support for diabetes) in the senior year of

high school predicted better adherence across the subsequent
year (unpublished data). The benefits of friend involvement in
diabetes may also depend on the need for assistance. In the
year after high school, diabetes-specific friend support was
associated with adherence only when early emerging adults
perceived themselves as less proficient in managing diabetes
independently [58]. Thus, regulating friend support for diabe-
tes may be most important when emerging adults are strug-
gling to assume adult-like management tasks.

Research on the role of romantic partners in the social-
regulation of diabetes management is lacking in this age
group. Late adolescents and emerging adults with diabetes
appear less likely to have a romantic partner, and may place
less value on some aspects of romantic relationships (i.e., in-
timacy) than those without diabetes [59, 60]. Similar to find-
ings with friends, general support from romantic partners was
concurrently associated with lower distress during early
emerging adulthood, while partner conflict was associated
with heightened distress and poorer adherence [60].
Although this suggests that regulating positive relationships
with romantic partners may be important to support diabetes
management during emerging adulthood, the paucity of re-
search limits conclusions. Given the importance of romantic
partners in self-regulating diabetes management in older
adults [50, 61], understanding how emerging adults regulate
their romantic partners’ involvement to facilitate diabetes
management is a crucial area for future research, especially
given the instability of romantic relationships across this de-
velopmental period.

Conclusions and Recommendations

The framework of self- and social-regulation for organizing
risk and protective factors involved in T1D management dur-
ing late adolescence and emerging adulthood holds important
implications for future research. This framework emphasizes
that adolescents and emerging adults manage T1D in a social
context that can both facilitate and derail self-regulation ori-
ented toward diabetes management. Rather than suggesting
the importance of “independence” in diabetes management
at this time of development, research reveals that late adoles-
cents and emerging adults benefit from actively regulating the
involvement of others. Research is suggestive of important
connections between self- and social-regulation, such as evi-
dence that those with stronger EF skills may be better able to
regulate their social context so that others do not interfere with
diabetes management [7]. Research in social psychology in-
dicates that individuals who are more effective at self-
regulation strategically spend time and collaborate with others
who have strong self-regulation skills [62]. Additional re-
search is needed to explore the connections between self-
and social-regulation. Such research is important because it
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may expand the impact of interventions targeting self-
regulation skills to interpersonal outcomes, and open up new
interventions targeting the social context to support diabetes
management at this high-risk time.

Parents continue to play a crucial role in T1D management
during late adolescence and emerging adulthood, but more
research is needed to understand how emerging adults actively
regulate the involvement of parents as well as other social
relationships. In particular, understanding how romantic part-
ners become a part of the regulatory system during emerging
adulthood is crucial, given evidence that romantic partners are
a central resource for diabetes self-management during adult-
hood [50, 61]. Research is needed to understand the role of
diabetes-specific support from friends, as parental involve-
ment wanes but before romantic partners become linked to
the regulatory system. Research may also benefit from exam-
ining self- and social-regulation in the context of health care
providers, especially given findings that communication with
health care providers begins to increase as collaboration with
parents declines in the year after high school [48]. As this
research evolves, it may be that social-regulation elicited from
and provided by certain relationships (e.g., parents versus
friends versus health care providers) facilitates specific aspects
of self-regulation. For instance, we found that higher daily
parental support in late adolescence was linked to reduced
daily cognitive self-regulation failures [54]. Relationships
with people that may be less involved in daily aspects of
diabetes management (e.g., friends, health care providers)
may not be linked to such daily aspects of self-regulation,
but may facilitate broader aspects of self-regulation related
to diabetes management.

The framework of self- and social-regulation advanced
here also has implications for clinical practice and interven-
tions. Individuals who are at risk for poor diabetes manage-
ment (e.g., lower cognitive and emotional self-regulation
skills) could be targeted for tailored interventions. Those with
lower cognitive function who experience daily self-regulatory
failures may benefit from structured reminders (e.g., text mes-
sages) to complete tasks, or from strategies to enhance plan-
ning and organization [18]. Those with difficulties in emotion
regulation may benefit from psychoeducation interventions to
address elevated diabetes distress or mental health consulta-
tions for more long-standing depressive symptoms [63, 64];
interventions to regulate daily affect may also be helpful [65].
In addition, for individuals experiencing risks in facets of self-
regulation, enhancing social-regulation may provide the com-
pensation needed to facilitate optimal diabetes management.
Assessment of helpful and unhelpful social resources and
training in how to manage relationships to support diabetes
may be useful. Such interventions could involve developing
coping or problem-solving skills to deal with social situations
that may derail diabetes management [66, 67], or more direct
coaching to identify and address actions that support or

@ Springer

interfere with diabetes management [68] Different interven-
tions may also be needed at different developmental time
points. For instance, during late adolescence, the focus may
involve facilitating autonomy supportive help from parents,
whereas interventions during emerging adulthood may need
to focus on how to engage friends and romantic partners for
support. Although late adolescence and emerging adulthood
remains an understudied time, the accumulating evidence sup-
ports that facets of self- and social-regulation are important
risk and protective factors that may guide future interventions
to promote more effective diabetes management.
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