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It is known that barriers to diabetes care such as cost,
communication issues, and low health literacy affect
diabetes-related health outcomes and the quality of care
delivered (9). Psychosocial factors have long been associated
with glycemic outcomes, quality of life, and self-care behaviors such as self-monitoring of blood glucose (SMBG)
(10). Speciﬁcally, diabetes distress, general anxiety, depression, and generalized distress have been associated with poor
type 1 diabetes–related outcomes (10). Furthermore, poor
psychosocial states are associated with decreased SMBG and
diabetes-related self-care behaviors (11).
Although well-being has been linked to positive general
health outcomes in healthy young adult populations (12),
little is known about the relationship between global wellbeing and diabetes-related outcomes. In addition, minority

populations are underrepresented in the literature with
regard to the impact of psychosocial factors and global
well-being on diabetes-speciﬁc outcomes. Evaluating and
addressing psychosocial determinants of diabetes-speciﬁc
health may be important in the management of type 1
diabetes for YYAs from minority groups (1,13), and recognizing and addressing barriers may be vital for optimal
delivery of care to YYAs with type 1 diabetes.
This study aimed to evaluate the relationships between selfreported psychosocial measures (global well-being, perceived stress, diabetes distress, and barriers to diabetes care)
and diabetes outcomes (A1C and SMBG) in minority YYAs
with type 1 diabetes receiving care at a major urban safety
net medical center. We hypothesized that higher selfperceived well-being and lower perceived stress, diabetes
distress, and barriers would be associated with lower A1C
and higher frequency of SMBG among YYAs with type 1
diabetes of low SES and from racial/ethnic minority groups.

Research Design and Methods
Study Overview
We performed a cross-sectional study of objective and
subjective measures collected at a single clinic visit at the
Los Angeles County 1 University of Southern California
(LAC 1 USC) Medical Center’s type 1 diabetes clinics,
which predominantly serve patients who are uninsured or
qualify for Medicaid. Written informed consent, or parental
permission and youth assent where appropriate, was obtained before data collection. The study was approved by
the University of Southern California institutional review
board, and all study activities were carried out in accordance with the Declaration of Helsinki.
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Youth and young adults (YYAs) with type 1 diabetes do not
consistently meet A1C targets set forth by national and international guidelines (1,2). Diabetes care is further compromised for YYAs because they are at high risk of failure to
transition from a pediatric to an adult endocrinologist (1,3).
Additionally, people from minority racial/ethnic groups have
poorer A1C, increased diabetes complications, and worse
diabetes-related outcomes compared with those from nonminority groups (4–6). Youth from lower socioeconomic
backgrounds have poorer diabetes-speciﬁc outcomes
compared with those of higher socioeconomic backgrounds (7). Unfortunately, consistent with the medical
ﬁeld at large, research in type 1 diabetes consistently
underrepresents YYAs of low socioeconomic status
(SES) and racial/ethnic minority groups (8). Contributing factors to the disparities in A1C and type 1
diabetes–speciﬁc outcomes remain largely unexplored.
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Participants
We recruited patients aged 13–30 years with type 1 diabetes
to participate in the study between April and October 2016.
All people with English literacy seen by the LAC 1 USC
pediatric diabetes and diabetes transitional care clinics
were eligible for the study. Surveys were only completed by
the YYAs and not by their parents/guardians. Forty-seven
eligible participants were approached, and all consented to
participate in the study. Four participants were subsequently unable to complete the surveys, and their data were
excluded from the analysis.

Demographic data, including sex, age, and race/ethnicity,
were collected from a review of participants’ electronic
health record (EHR). A1C was measured at the time of clinic
visit using the DCA 2000 analyzer (Bayer, Tarrytown, NY).
For 35 participants, glucose meter data were available and
downloaded at the time of clinic visit to determine the
frequency of SMBG. BMI (or BMI z score for patients ,18
years of age) and diabetes duration were collected from
participants’ EHR.

Psychosocial Study Measures
The study measures included three previously validated
psychosocial measures addressing well-being, stress, and
diabetes distress. A fourth measure was developed for the
purposes of this study with methods outlined below.
The Arizona Integrative Outcomes Scale (AIOS) (12)
measures global well-being using a single validated item
that asks participants to consider the past month in
responding to a prompt reﬂecting on their sense of wellbeing and marking their response on a 100-point visual
analog scale. Higher scores indicated higher well-being.
The Diabetes Distress Scale-2 (DSS-2) (14,15) is a validated
two-item Likert scale questionnaire speciﬁcally addressing
the perception of stress caused by diabetes management.
Each item in the DDS-2 is scored from 1 to 6, with higher
scores indicative of greater distress. A summed total score
of $ 6 or any single response$ 3 warrants further evaluation.
The Perceived Stress Scale-4 (PSS-4) (16) is a validated fouritem Likert scale questionnaire aimed at evaluating a
person’s perceptions of general life stress over the preceding
month. Each item in the PPS-4 is scored from 0 to 4, for a
total summed score range of 0 to 16, with higher scores
indicative of greater stress. Normative values are 6.9 6 2.9
for people ,18 years of age and 6.7 6 3.2 for those 18–29
years of age (16).
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We used cognitive testing and retrospective probing, which
are evidence-based methods to evaluate the ﬁdelity of
survey measures, to ensure the reliability of the novel BBS
(18,19). Consistent with cognitive testing, we solicited input
from pediatric endocrinologists and individuals living with
type 1 diabetes after development of the survey items to
assess whether the questions satisﬁed the intended purposes. After the further reﬁnement of survey items based on
this feedback, we tested the scale with ﬁve participants, who
completed the measure and then explained their interpretation of each question. This method was consistent
with and founded in the principles of retrospective probing.
Items did not require revision based on responses from the
participants; therefore, these ﬁve participants were included in the analysis. After the data were collected, we
sought to establish concurrent validity via correlation analyses with previously validated measures (the AIOS, DDS-2,
and PPS-4).

Delivery of Study Measures
Participants completed the four measures on a digital tablet
during the wait time for their clinic visits. The measures
required ~10 minutes to complete. Measures were collected
and managed using REDCap, hosted at the University of
Southern California (20,21). Once a participant completed
the measures, results and clinically meaningful cutoffs were
given to the provider scheduled to see the participant. The
provider incorporated the ﬁndings from the measures into
the clinic visit to the degree felt to be clinically appropriate.

Data Analysis
Linear regression was used to analyze the associations
between objective data (A1C and SMBG) and the four selfreported measures. In a second step, a multivariate linear
regression model controlling for age, sex, race/ethnicity,
BMI, and diabetes duration was also carried out. Correlation testing among the four measures was performed
using Pearson’s correlation coefﬁcient to evaluate concurrent validity of measures in this population and of our novel
203
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Variables

The Barrier Burden Scale (BBS) was developed speciﬁcally
for this study. Current surveys on barriers to care are long
and often difﬁcult to administer in real-world practice.
Therefore, we developed a brief four-question Likert assessment based on barriers reported in the literature (17)
and including 1) logistics (supplies, appointments, medication), 2) diabetes education, 3) providers’ cultural competency, and 4) poor personal relationship with type 1
diabetes (Supplementary Table S1). Responses from each
barrier domain were summed to create a Barrier Burden
Scale-Sum (BBS-Sum).
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TABLE 1 Participant Demographics and Characteristics
(N 5 43)
Male sex

24 (55)

Age, years
,18
18–20
21–29

21.0 6 3.7
10 (23)
9 (21)
24 (56)
34
4
2
2
1

BMI range
Normal*
Overweight†
Obese‡

21 (49)
15 (35)
7 (16)

(79)
(9)
(5)
(5)
(2)

Type 1 diabetes duration, years

10.1 6 6.2

A1C, %

9.3 6 2.3

SMBG checks per day§

2.0 6 1.3

AIOS score

66.4 6 22

PSS-4 score

5.8 6 3.0

DDS-2 score

5.4 6 2.5

BBS score

2.2 6 2.0

Data are n (%) or mean 6 SD. *Normal BMI is deﬁned as BMI #25 kg/m2
or BMI z score #1.04. †Overweight is deﬁned as BMI 25–30 kg/m2 or BMI
z score 1.04–1.96. ‡Obese is deﬁned as BMI $30 kg/m2 or BMI z score
$1.96. §SMBG data were only available for 35 participants.

BSS. All statistical analyses were performed using R statistical computing software, v. 3 (22).

Results
Study Population
Participants’ age range was 14–29 years, and the majority
of our cohort (n 5 34, 79%) identiﬁed as Hispanic White
(Table 1). For the validated measures, mean survey scores
were in the normative ranges expected from prior
reports (12,14–16). One-third of participants did endorse
negative feelings toward diabetes as having a signiﬁcant
impact on their diabetes care. (See descriptive statistics
in Supplementary Table S2A and free-text responses in
Supplementary Table S2B).

Relationship of Psychosocial Survey Measures and
Diabetes Outcomes
Results of the linear regression between the psychosocial
measures and diabetes outcomes (A1C and SMBG) are
shown in Figure 1 and Table 2. Global well-being (AIOS)
204

Correlation Between Measures
There was a strong relationship among the four survey
measures, which speaks to concurrent validity in our results. Global well-being (AIOS) was strongly and inversely
correlated with general stress (PSS-4: r 5 20.44, P 5 0.003)
and diabetes-speciﬁc measures (DDS-2: r 5 20.52, P ,0.001;
BBS-Sum: r 5 20.40, P 5 0.008). The newly developed
BBS-Sum was strongly correlated with DDS-2 (r 5 0.45, P 5
0.002) and PSS-4 (r 5 0.59, P ,0.001). Finally, diabetes
distress and general stress were strongly correlated (r 5
0.48, P 5 0.001).

Discussion
We report signiﬁcant associations between self-reported
survey measures (AIOS, PSS-4, DDS-2, and BBS-Sum)
and diabetes clinical outcomes (A1C and SMBG) in
43 YYAs with type 1 diabetes from low SES and racial/
ethnic minority backgrounds. Furthermore, we newly
demonstrate the clinical usefulness of the AIOS and PSS-4
measures in this underrepresented YYA cohort. These
ﬁndings are consistent with our hypothesis: higher
well-being and lower diabetes distress and stress are associated with improved type 1 diabetes outcomes in this
population.
Notably, our medical center primarily serves a low SES and
Latinx population of transition age, for whom there are few
data previously reported for these relationships. Prior
studies evaluating psychosocial factors in type 1 diabetes
have focused on youth or adults, and less commonly YYAs
of transition age, but have not consistently included individuals with low SES or racial/ethnic minority status
(10,13,23,24). Additionally, incorporating a measure to evaluate
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Race/ethnicity
Latinx
Non-Hispanic Black
Asian
Non-Hispanic White
Other

was inversely correlated with A1C (b 5 20.03 [95% CI
20.05 to 0], R2 5 0.11, P 5 0.04) and positively correlated
with SMBG (b 5 0.03 [95% CI 0.01–0.05], R2 5 0.30, P 5
0.001). An increase in the AIOS scale of 17 points corresponds to a decrease in A1C of 0.5%, and an increase of 33
points corresponds with an increase of one SMBG check
per day. Self-reported diabetes distress (DDS-2) was inversely correlated with SMBG (b 5 20.22 [95% CI 20.38
to 20.06], R2 5 0.19, P 5 0.01); thus, a decrease in 4.5 points
on the DDS-2 corresponds to an increase of one SMBG
check per day. Perceived stress (PSS-4) was positively correlated with A1C (b 5 0.25 [95% CI 0.06–0.44], R2 5 0.16,
P 5 0.01); thus, a reduction of PSS-4 by 2 points was associated with a decrease of 0.5% in A1C. Multivariate regression analysis was also performed but demonstrated no
meaningful or statistically signiﬁcant contributions of the
variables evaluated (Supplementary Table S3).
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FIGURE 1 Relationship of psychosocial measures with A1C and SMBG. Blue lines are lines of best ﬁt, shaded gray areas represent
95% CIs. Individual data points are represented by open circles. The relationship between AIOS and A1C and SMBG are depicted in
panels A and B, respectively. The relationship between DDS-2 and A1C and SMBG are depicted in panels C and D, respectively. The
relationship between PPS-4 and A1C and SMBG are depicted in panels E and F, respectively. The relationship between BBS-Sum and
A1C and SMBG are depicted in panels G and H, respectively.
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TABLE 2 Univariate Relationships Between Psychosocial
Measures and A1C and SMBG
Measure

b (95% CI)

R2

P

A1C
AIOS
DDS-2
PSS-4
BBS-Sum

20.03 (20.05 to 0)
0.12 (20.05 to 0.44)
0.25 (0.06–0.44)
0.25 (20.03 to 0.53)

0.11
0.07
0.16
0.08

0.04
0.11
0.01
0.08

SMBG
AIOS
DDS-2
PSS-4
BBS-Sum

0.03 (0.01–0.05)
20.22 (20.38 to 20.06)
20.14 (20.30 to 0.01)
20.08 (20.23 to 0.13)

0.30
0.19
0.10
0.02

0.001
0.01
0.07
0.44

The AIOS scale, a broad evaluation of a person’s health,
demonstrated robust correlations with A1C and SMBG.
Further studies are needed to explore whether clinically
meaningful changes in A1C can be mediated through
improvements in global well-being. The AIOS has also been
used in the ﬁelds of integrative medicine (25,26), chronic
pain (27), and educational interventions for type 1 diabetes
(28–30). The AIOS is the only assessment of positive psychosocial state (well-being) in our study, whereas the other
three measures assess negative psychosocial states (distress,
stress, and barriers); it thus raises the question of the potential superiority of positive psychosocial measurements
in underrepresented populations. Although our population
has unique racial/ethnic and socioeconomic backgrounds
with barriers speciﬁc to and outside of diabetes care (31–34),
we anticipate that all people with type 1 diabetes would
beneﬁt from a simple scale that assesses well-being. The
AIOS is such a tool; it is simple, readily available, and allows
patients to consider the many needs that allow for optimal
health, including type 1 diabetes management.
In our novel BBS, the most frequently reported barrier was
negative feelings toward one’s own diabetes. It is telling that
even in a resource-poor setting, negative feelings are still
perceived to be the largest barrier. Given that attitude and
perception of type 1 diabetes is a modiﬁable factor, providers can aim to assess and address a person’s relationship
with their type 1 diabetes to affect diabetes outcomes. The
BBS may be a tool to facilitate transition of care. Although
the BBS was not validated via quantitative methods such as
principal component analysis, we were able to establish
ﬁdelity of the measure with cognitive testing and retrospective probing, as well as the concurrent validity supportive of this measure.
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Both the DDS-2 and the PSS-4 are associated with adverse
effects on A1C and increased rates of diabetes-related
complications, including severe hypoglycemia and diabetic ketoacidosis (16,17). The PSS-4 was correlated with A1C
and has been used in patients with type 2 diabetes (38),
obesity (39), working adults, pregnant/postpartum women,
college students, patients with metal health disorders, and
patients with cardiac disorders (40), but to our knowledge, it
has not been used in type 1 diabetes. We demonstrate the
clinical relevance of the PSS-4 in low SES YYAs with type 1
diabetes. Our results support further evaluation to better
understand the impact of general stress versus diabetesspeciﬁc distress on type 1 diabetes outcomes in YYAs from
lower SES populations.
Finally, we have demonstrated the feasibility of psychosocial assessment in an underrepresented population and
resource-constrained hospital, thereby meeting psychosocial screening guidelines (1,13). The psychosocial screening
strategy we describe can allow diabetes providers to address
these important factors during clinical encounters, thereby
improving the patient-provider relationship, which in turn
is associated with improvement in diabetes management
and outcome (41,42) and may be helpful in the successful
transition of care. In particular, the clinical utility of AIOS
warrants further evaluation as a single question to help
stratify patients by risk and allocate resources to YYAs with
type 1 diabetes. Furthermore, our population overwhelmingly identiﬁes as Hispanic White; thus, our ﬁndings are
supportive of expanding the use of previously validated
scales in this subgroup.
There are several strengths to this study. The study population included a large proportion of both low SES and
predominately Latinx young adult participants and ﬁlls an
important need for the inclusion of minority populations in
research (8). The study was well received by both participants and their treating clinicians, suggesting that our
study instruments would incorporate well into clinical
practice. Finally, the use of several instruments provided a
robust picture of participants’ psychosocial state and
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global health is exceedingly rare. Our ﬁndings support
evaluation of psychosocial measures as one strategy to bridge
disparities in diabetes health outcomes while promoting
transition of care in YYAs.

We report that higher DDS-2 scores were associated with
decreased SMBG, consistent with prior publications
(14,15,35). YYAs of lower SES with type 1 diabetes often have
public insurance, which has more strict requirements for
diabetes supply coverage, including minimum number of
glucose checks per day (34,36,37). Therefore, insurance requirements to maintain coverage for diabetes supplies may
be one explanation of this correlation between DDS-2 and
SMBG. Further studies are needed to systematically understand the driving factors behind this relationship in this
low SES population.

ADDALA ET AL.

perceived barriers, with concurrent validity of measures.
Our novel BBS allowed for a brief but complete assessment
of self-perceived barriers.
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