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Abstract
Context: In rural southeastern Ohio, the prevalence of
diabetes is 19.9%, nearly double the national average of
10.5%. Despite the high rate of diabetes, its impact on the
region is understudied; one such understudied topic is
psychosocial difficulties. People with diabetes experience
disproportionately higher rates of major depressive disorder (MDD), clinically significant depressive symptoms, and
diabetes distress. Diabetes distress refers to the negative
emotional experience of living with diabetes. It reflects an
individual’s worries, concerns, and fears about living a
chronic and progressive disease.
Objectives: To assess the prevalence of diabetes distress
as well as comorbid, clinically significant depressive
symptoms and diabetes distress among patients in southeastern Ohio; and to assess impact of depressive symptoms
and diabetes distress on A1C levels, diabetes self care behaviors, and diabetes quality of life (DQOL).
Methods: In this cross sectional survey study, individuals
aged 18 years and older, diagnosed with type 1 (T1D) or type 2
(T2D) diabetes, who were able to read and speak English, and
living in southeastern Ohio were invited to participate. Participants completed the Diabetes Distress Scale for T2D or
T1D, the Patient Health Questionnaire-9, the Self Care
Inventory-Revised, and the DQOL Scale as part of the study
survey. Participants completed the survey via an online
questionnaire service or mailed packets. Chi square tests
*Corresponding author: Elizabeth A. Beverly, PhD, Department of
Primary Care, Ohio University Heritage College of Osteopathic
Medicine, The Ohio University Diabetes Institute, Ohio University,
Heritage Hall, 191 West Union Street, Athens, OH 45701-2979, USA,
E-mail: beverle1@ohio.edu. https://orcid.org/0000-0002-64868234
Francis Osowik, OMS IV, Department of Medicine, Ohio University
Heritage College of Osteopathic Medicine, Athens, OH, USA. https://
orcid.org/0000-0002-6139-9858

determined the comorbidity of clinically signiﬁcant depressive symptoms and high diabetes distress levels by type of
diabetes. Multiple regression models examined the relationships among clinically signiﬁcant depressive symptoms,
diabetes distress scores, A1C levels, self care behaviors, and
DQOL scores. Statistical signiﬁcance was deﬁned as a p<0.05.
Results: A total of 325 adults participated (mean ± standard
deviation [SD] age, 41.6 ± 19.2 years; 131 (40.7%) with T1D;
194 (59.7%) with T2D; mean ± SD A1C, 7.5 ± 1.6%; mean ± SD
duration, 12.4 ± 9.6 years). Of the 325 participants, 70 (21.5%)
indicated clinically signiﬁcant depressive symptoms, with 29
(22.3%) T1D participants and 41 (21.0%) T2D participants
reporting clinically signiﬁcant depressive symptoms. A total
of 92 (28.3%) participants reported high diabetes distress (39
(30.5%) T1D participants and 53 (27.5%) T2D participants).
Forty-eight participants (15.0%) screened positive for both
clinically signiﬁcant depressive symptoms and high diabetes
distress. Regression models showed that higher diabetes
distress scores were associated with fewer self care behaviors
(T1D, b=−0.268, p=0.030; T2D, b=−0.312, p<0.001) and lower
DQOL (T1D, b=0.726, p<0.001; T2D, b=0.501, p<0.001).
Further, more depressive symptoms were associated with
lower DQOL in participants with T2D (b=0.363, p<0.001).
Higher diabetes distress scores were not associated with
higher A1C levels in participants with T1D or T2D; however,
increased depressive symptoms were associated with higher
A1C levels in participants with T2D (b=0.390, p<0.001).
Conclusions: Findings showed that adults in southeastern
Ohio experienced high levels of diabetes distress and cooccurring clinically significant depressive symptoms that
were within range of data from previous studies. These
findings highlight the importance of routine screening for
both clinically significant depressive symptoms and diabetes distress. Future longitudinal research is needed to
confirm these findings and examine the evolution of these
relationships over time.
Keywords: Appalachia; depression; diabetes distress; type
1 diabetes, type 2 diabetes.
Osteopathic physicians are trained to treat the whole person – body, mind, and spirit [1]. This holistic approach to
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care hinges on the belief that the whole person is composed
of interdependent parts. If one part is not functioning
properly, all other parts will be affected. Diabetes is a
condition that necessitates holistic care. Diabetes, if left
untreated, is associated with a multitude of physical
complications, including but not limited to coronary heart
disease, stroke, retinopathy, neuropathy, and nephropathy [2]. Moreover, diabetes is associated with numerous
psychosocial difﬁculties, including depression, diabetes
distress, and lower quality of life [3]. Thus, in the same way
that diabetes care requires a holistic approach, research
that addresses the whole person is needed.
In southeastern Appalachian Ohio, diabetes rates
(19.9% in 2016) [4] far exceed both the national prevalence in
the United States (US) (10.5% in 2018) [5] and the state
prevalence in Ohio (11.1% in 2016) [6]. In recent years, the
prevalence of diabetes in southeastern Ohio has increased by
76.1%, from 11.3% in 2009 [7] to 19.9% in 2016 [4]. Residents
of Appalachian Ohio have been documented to have delayed
diagnoses, more complications, limited access to health
care, and lower health literacy [7–9]. Further, more people
are ﬁnancially insecure, unemployed, have lower educational achievement, and limited access to transportation
[10, 11]. These social determinants of health contribute to a
mortality rate 28.4% higher than the national average [12].
Despite the high rates of diabetes and mortality in the region,
the impact of diabetes in Appalachian Ohio is understudied.
One area of research that is lacking for patients in this
region is psychosocial difficulties. Psychosocial difficulties
like depression and diabetes distress are disproportionately
more common in people with diabetes [13]. Speciﬁcally,
major depressive disorder (MDD) and clinically signiﬁcant
depressive symptoms affect one in four people with type 1
(T1D) or type 2 diabetes (T2D) [14]. Symptoms of MDD have
been associated with fewer self care behaviors [15], higher
hemoglobin A1c levels (A1C) [16], increased complications [17],
hospitalization [18], and mortality [18]. A study by de Groot
et al. [19] found that one in three adults in southeastern Ohio
reported clinically signiﬁcant depressive symptoms. Like
MDD, diabetes distress is also a common psychosocial difﬁculty. Importantly, diabetes distress is clinically distinct from
MDD [20]. Unlike MMD, diabetes distress is not a psychiatric
disorder and it does not assume psychopathology [20].
Rather, diabetes distress refers to the negative affective
experience of living with diabetes [21]. It describes a person’s
worries, concerns, and fears about living with a demanding,
progressive chronic disease [21]. Speciﬁcally, diabetes
distress refers to frustrations with self care behaviors, concerns about the future and the possibility of developing
complications, worries about the cost and quality of medical
care, and perceived lack of support from family members

and/or friends [22]. Previous metaanalyses estimated that
from 22 [23] to 36% [24] of people with diabetes report high
diabetes distress, with women and younger adults more
likely to report elevated levels [23, 25]. High diabetes distress
scores have been associated with fewer self care behaviors
[26], higher A1C levels [27], increased complications [28], and
lower quality of life (QOL) [29]. Further, cross sectional and
longitudinal analyses of 506 adults with T2D from the
Distress and Depression in Diabetes (3D) study showed that
15.9% of people with moderate or high diabetes distress met
criteria for MDD, whereas 66.7% of people with MDD reported
moderate or high diabetes distress [20, 21, 30]. Further, longitudinal analyses revealed the persistence of MDD and
diabetes distress over an 18 month time period [30]. Considering the comorbidity of these psychosocial difﬁculties, their
persistence over time, and impact on health outcomes, the
American Diabetes Association (ADA) recommends routine
screening of depressive symptoms and diabetes distress in all
populations of people with diabetes [3].
The prevalence of diabetes distress in southeastern
Ohio and the comorbidity of clinically significant depressive symptoms with diabetes distress is unknown. Therefore, the aim of this study was to assess the prevalence of
diabetes distress as well as the comorbidity of these psychosocial difficulties. In addition, the association between
clinically significant depressive symptoms and diabetes
distress on health outcomes was examined. Specifically,
associations among A1C levels, diabetes self care behaviors, and diabetes quality of life (DQOL) were assessed.
First, we hypothesized that high levels of diabetes distress
would exceed 25.0% for adults with T1D and T2D; we
selected >25.0% as our hypothesized rate based on the
22.0% estimate given in the metaanalysis from Dennick
et al. [23] Second, we hypothesized that the comorbidity of
clinically signiﬁcant depressive symptoms and high diabetes distress would exceed 15% for adults with T1D and
T2D; we selected 15.0% per the 15.9% comorbidity rate
from the 3D study [20, 30]. Third, we hypothesized that
diabetes distress, not clinically depressive symptoms,
would be associated with higher A1C levels, fewer self care
behaviors, and lower DQOL for adults with T1D and T2D
given prior associations observed in Fisher et al. [26],
Fisher et al. [27], Carper et al. [29], and Standberg et al. [31].

Methods
Participants and survey distribution
Adults diagnosed by a provider with T1D or T2D who were aged 18 years
and older, who were able to read and speak English, and who were
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living in southeastern Ohio (Athens, Hocking, Meigs, Morgan, Perry,
Vinton, or Washington counties) were eligible to participate in the
study. The Ohio University Ofﬁce of Research Compliance approved the
study protocol (IRB 17X234) and all recruitment procedures and materials. Participants were recruited via email, ﬂyers, newspaper advertisements, social media, and announcements in the community.
Speciﬁcally, emails were distributed to the Ohio University listserv,
consisting of faculty, staff, and students, as well as the Ohio University
Diabetes Institute Registry, consisting of adults with T1D or T2D who
signed a release form to be contacted for future diabetes studies. The
Ohio University listserv was used because the university is the largest
employer in southeastern Ohio. Flyers were posted in public places on
community bulletin boards. In addition, digital ﬂyers were posted in
social media accounts and ﬂyers were printed in local newspapers.
Lastly, research assistants traveled to local health fairs, job fairs, and
health department screening events to announce the study to adults in
attendance of these events. For the purposes of the study, a unique
email address and phone line were created. Individuals interested in
participating could send an email or leave a voice message and request
the electronic survey or mailed packet. Participant information was
recorded temporarily for email or postal distribution. An electronic,
anonymous survey (Qualtrics) or printed packet with two prepaid envelopes (one envelope for the survey and one envelope for the informed
consent form and remuneration form, to protect from a breach of
conﬁdentiality) were distributed to eligible participants. All participants provided electronic or written informed consent, respectively.
Completion of the measures took approximately 30–45 min. Participants received a $15.00 gift card as remuneration for participating in
the study. To receive the gift card, participants either completed a
second Qualtrics link or mailed the remuneration form with their personal information placed in a second prepaid envelope, such that the
study data was not associated with their name or email address. Due to
the anonymous nature of the study, participants did not have to complete the measures to receive the gift card.
After survey distribution, all participant information was
destroyed per the IRB 17X234 protocol. The University’s Clinical and
Translational Research Unit provided assistance with email and
postal distribution to maintain anonymity from the research team.
The study opened on December 14, 2017 and continued until August
18, 2019. Participation in the study was completely voluntary. A
subset of the data from the University’s listserv, collected between
December 14, 2017 and January 3, 2018, was published previously [32].

Power analysis
We conducted an a priori power analysis using Statulator [33], an
online statistical calculator, which estimated that a total sample size
of 289 participants would be needed to determine that 25% of participants had high diabetes distress. Similarly, we determined that a
sample size of 196 would needed to determine a 15% prevalence of cooccurring high diabetes distress and clinically signiﬁcant depressive
symptoms. Finally, we determined that a minimum required sample
size of 84 participants would be required for a multiple regression
model with four predictors for 80% power at a 5% signiﬁcance level
(p<0.05) to detect an effect size of 0.15.

Survey measures
The survey began with 102 questions for participants with T2D and
113 for participants with T1D (see Supplementary Material) regarding
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the participant’s sociodemographic (age, gender, race, education
level, marital status, occupation, insurance coverage) and health
factors (duration of diabetes, self reported A1C) levels, diabetes
medication, and height and weight to calculate body mass index
(BMI). Note, the data collected on race followed the National Institutes of Health categories (i.e., American Indian/Alaskan Native,
Asian, Black/African American, Hispanic/Latinx, Native Hawaiian/
Paciﬁc Islander, White, two or more races, and another race not
listed) [34].
In addition, participants completed the following measures:
Type 2 Diabetes Distress Scale (T2DDS) [22]: a 17-item measure
that uses a six point Likert scale to assess total T2D distress and its
four subscales, (1) emotional burden, (2) physician related distress,
(3) regimen related distress, and (4) interpersonal distress. Participants are asked to indicate the degree to which each item
bothered them in the prior month, ranging from “not a problem” to
“a very serious problem.” To score the scale, the participant’s responses are summed and divided by the number of items in the
scale or subscale. The cut-points for distress include the following:
little or no distress (<2.0); low diabetes distress (1.5–1.9); moderate
distress (2.0–2.9); high distress (≥3.0) [26]. The measure demonstrates excellent internal consistency (alpha=0.93, subscales
range alpha=0.88–0.90) [22].
Type 1 Diabetes Distress Scale (T1-DDS) [35]: a 28-item measure
that uses a six point Likert scale to assess total T1D distress and its
seven subscales, (1) powerlessness, (2) negative social perceptions, (3)
physician distress, (4) friend/family distress, (5) hypoglycemia
distress, (6) management distress, and (7) eating distress. Participants
are asked to indicate the degree to which each item bothered them in
the prior month, ranging from “not a problem” to “a very serious
problem.” To score the scale, the participant’s responses are summed
and divided by the number of items in the scale or subscale. The cutpoints for distress include the following: little or no distress (1.0–1.4);
low diabetes distress (1.5–1.9), moderate distress (2.0–2.9); high
distress (≥3) [35]. The measure demonstrates good to excellent internal
consistency (alpha=0.91, subscale range alpha=0.76–0.88) and good
test-retest reliability (r=0.74) [35].
Patient Health Questionnaire-9 (PHQ-9) [36]: a nine item measure that uses a four point scale (“not at all, several days, more than
half the days, nearly every day”) to screen for depression. The nine
items are derived from the diagnostic criteria of MDD from the Diagnostic and Statistical Manual of Mental Disorders-5 [37]. Participants
are asked to rate how much they have been bothered by each item over
the prior 2 weeks. To score the PHQ-9, all items are multiplied by the
value indicated and summed to produce a total scare, ranging from
0 to 27. For the purposes of this study, 10 was the cutoff score for
clinically signiﬁcant depressive symptoms [38].
Self Care Inventory-R (SCI-R) [39, 40]: a 19-item measure that
assesses diabetes self care behaviors, including diet, physical activity,
blood glucose monitoring, and medication. Participants are asked to
indicate whether they followed their diabetes treatment plan in the
past 1–2 months on a ﬁve point Likert scale (“never, rarely, sometimes, usually, always”). The inventory demonstrates good internal
consistency (alpha=0.87) [39, 40].
DQOL Scale [41]: a 39 item measure that assesses satisfaction,
general health, impact of treatment, and future effects of diabetes
on a ﬁve point Likert scale (“never, seldom, sometimes, often,
all the time”). All questions are worded negatively, so higher
scores indicate lower DQOL. The DQOL demonstrates excellent
internal consistency (alpha=0.92) and strong test-retest reliability
(0.78–0.92) [41].

4

Beverly and Osowik: Depressive symptoms & diabetes distress in Appalachian Ohio

Data analysis
The first step in our data analysis was to investigate data completeness
and accuracy through descriptive statistics, correlations, and histograms, and a missing data report. Histograms revealed normal distributions for total diabetes distress, T1D distress, T2D distress, A1C levels,
diabetes self care behaviors, and DQOL; depressive symptoms were
skewed positively. After we veriﬁed our data, we compiled means and
frequencies of all sociodemographic and health characteristics. We

created dichotomous variables for clinically signiﬁcant depressive
symptoms, using the cutoff score of ≥10.0 (yes=1, no=0), and high diabetes distress, using the cutoff score of ≥3.0 (yes=1, no=0). Next, we
calculated frequencies of clinically signiﬁcant depressive symptoms and
high diabetes distress levels to estimate prevalence levels. We then used
Chi square tests to determine the comorbidity of the dichotomous variables for clinically signiﬁcant depressive symptoms and high diabetes
distress levels by type of diabetes. In addition, Chi square tests were
conducted to examine differences by type of diabetes and gender and

Table : Participant demographic and health characteristics (n=).
Variable

Age
Mean ± standard deviation, years
Gender
Female
Male
Other
Prefer not to answer
Race
American Indian or Alaska Native
Asian
Black or African American
Hispanic or Latinx
Native Hawaiian or Paciﬁc Islander
White
Two or more races
Another race not listed
Education
Elementary school only
Some high school, but did not ﬁnish
High school
Current undergraduate
Some college
Two-year degree
Four-year degree
Current graduate student
Some graduate work
Master’s degree
Doctoral/professional degree
Health insurance
No coverage
Medicaid and/or Medicare
Private insurance
Other
Hemoglobin Ac
Mean ± standard deviation, %
Body mass index (BMI)
Mean ± standard deviation, kg/m
Diabetes duration
Mean ± standard deviation, years
Diabetes treatment
Diet and exercise
Oral medication
Insulin
Insulin and oral medication
Other

Total
(n=)

Type 
(n=)

Type 
(n=)

p-Value

. ± .

. ± .

. ± .

<.

 (.)
 (.)
 (.)
 (.)

 (.)
 (.)
 (.)
 ()

 (.)
 (.)
 (.)
 (.)

.

 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)

 ()
 (.)
 (.)
 (.)
 ()
 (.)
 (.)
 (.)

 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)

.

 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)

 (.)
 ()
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)

 ()
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)
 (.)

<.

 (.)
 (.)
 (.)
 (.)

 (.)
 (.)
 (.)
 (.)

 (.)
 (.)
 (.)
 (.)

.

. ± .

. ± .

. ± .

.

. ± .

. ± .

. ± .

<.

. ± .

. ± .

. ± .

.

 (.)
 (.)
 (.)
 (.)
 (.)

<.

 (.)
 (.)
 (.)
 (.)
 (.)

 ()
 (.)
 (.)
 (.)
 (.)

Values missing for Education (n=), Health Insurance (n=), AC (n=), BMI (n=), Duration (n=), Diabetes Treatment (n=).
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independent t tests were conducted to examine differences by age given
prior associations in the literature [23, 42]. Finally, we conducted six
multiple regression models examining the relationships with the
continuous measures for clinically signiﬁcant depressive symptoms and
high diabetes distress scores and A1C levels, self care behaviors, and
DQOL, controlling for age and gender in each model. Statistical significance was deﬁned as a p<0.05. All analyses were conducted with SPSS
statistical software version 26.0 (SPSS, Inc.).

Results
Sample characteristics
A total of 368 individuals consented to participate in the
study; however, 43 online participants did not complete
the surveys and were removed from the analysis. The final
sample included 325 participants. The mean age ± standard deviation (SD) of participants was 41.6 ± 19.2 years;
202 (62.2%) self identiﬁed as women, 119 (36.6%) self
identiﬁed as men, three (0.9%) self identiﬁed as “other”
with regard to gender, and one (0.3%) preferred not to
answer. Fifty two (15.9%) participants had a high school
education or less and 85 (26.2%) of the participants had
Medicaid or Medicare insurance (Table 1). The self reported racial and ethnic background of the participants
included 271 (83.4%) identifying as White, 17 (5.2%)
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identifying as Black or African American, 15 (4.6%)
identifying as Asian, six (1.8%) identifying as Hispanic or
Latinx, six (1.8%) identifying as two or more races, ﬁve
(1.5%) identifying as American Indian or Alaska Native,
four (1.2%) identifying as another race not listed, and one
(0.3%) identifying as Native Hawaiian or Paciﬁc Islander.
Of the 325 participants, 131 (40.3%) reported a diagnosis
of T1D and 194 (59.7%) reported a diagnosis of T2D.
Overall, the participants had a mean A1C ± SD of 7.5 ± 1.6%
and a mean diabetes duration ± SD of 12.4 ± 9.6 years. The
Mean participant BMI ± SD was 31.4 ± 9.0 kg/m2 and 131
participants (51.7%) reported taking insulin or a combination of insulin and oral medication(s).
Participants with T1D were younger (mean age ±
SD=26.4 ± 11.7 years vs. 51.8 ± 16.2 years; t=−15.441;
p<0.001; Table 1), had a longer diabetes duration
(mean ± SD=14.1 ± 8.8 years vs. 11.2 ± 10.0 years; t=2.652;
p=0.008), and had higher A1C levels (mean ± SD=7.8 ± 1.5
vs. 7.2 ± 1.5; t=2.927; p=0.004), and a lower BMI
(mean ± SD=26.7 ± 6.6 vs. 34.1 ± 9.0; t=−7.598; p<0.001)
than the participants with T2D. Also, participants with T1D
were more likely to be prescribed insulin (χ2=180.345; degree of freedom [df]=4,; p<0.001), current undergraduate
students (χ2=97.667; df=10; p<0.001), White (χ2=13.407;
df=6; p=0.037), and have private insurance coverage
(χ2=12.089; df=1; p=0.007) than with T2D.

Figure 1: Frequency of high diabetes distress
and related subscales for participants with
type 1 and type 2 diabetes.
(A) Type 1 diabetes distress (n=128). (B)
Type 2 diabetes distress (n=194).
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Clinically significant depressive symptoms
Of the 325 participants, 70 (21.7%) indicated clinically
significant depressive symptoms, including 29 (22.8%)
participants with T1D and 41 (21.0%) with T2D. In the
combined analysis of participants with T1D and T2D,
women were more likely than men to report clinically significant depressive symptoms (χ2=5.871; df=1; p=0.015). In
analyses by type of diabetes, only women with T2D were
more likely to report clinically signiﬁcant depressive
symptoms (χ2=4.027; df=1; p=0.045). Women with T1D did
not differ from men with T1D in the frequency of clinically
signiﬁcant depressive symptoms (χ2=1.833; df=1; p=0.176).

The frequency of clinically signiﬁcant depressive symptoms did not differ by diabetes type (χ2=0.148; df=1;
p=0.701) or age (t=−1.020, p=0.308).

High diabetes distress levels
Based on the clinical cutoffs, 140 (43.6%) reported little to
no diabetes distress, 89 (27.7%) reported moderate distress,
and 92 (28.3%) reported high distress. Among participants
with T1D, 50 (39.1%) reported little to no diabetes distress, 39
(30.5%) reported moderate distress, and 39 (30.5%) reported
high distress. Among participants with T2D, 90 (46.6%)

Table : Multiple regression models examining associations among depressive symptoms and diabetes distress scores with AC levels, self
care, and diabetes quality of life in participants with type  or type  diabetes.
Type  diabetes
Model : AC levels, R=., n=
Predictors
Β
Age
−.
Gender
−.
Depressive symptoms
.
Diabetes distress score
.
Model : Diabetes self care, R=., n=
Predictors
Β
Age
.
Gender
−.
Depressive symptoms
−.
Diabetes distress scores
−.
Model : Diabetes quality of life, R=., n=
Predictors
Β
Age
−.
Gender
.
Depressive symptoms
.
Diabetes distress scores
.
Type  diabetes
Model : AC levels, R=., n=
Predictors
Β
Age
.
Gender
−.
Depressive symptoms
.
Diabetes distress score
.
Model : Diabetes self care, R=., n=
Predictors
Β
Age
.
Gender
−.
Depressive symptoms
.
Diabetes distress score
−.
Model : Diabetes quality of life, R=., n=
Predictors
Β
Age
−.
Gender
.
Depressive symptoms
.
Diabetes distress score
.

SE B
.
.
.
.

β
−.
−.
.
.

t-value
−.
−.
.
.

p-Value
.
.
.
.

SE B
.
.
.
.

β
.
−.
−.
−.

t-value
.
−.
−.
−.

p-Value
.
.
.
.

SE B
.
.
.
.

β
−.
.
.
.

t-value
−.
.
.
.

p-Value
.
.
.
<.

SE B
.
.
.
.

β
.
−.
.
.

t-value
.
−.
.
.

p-Value
.
.
<.
.

SE B
.
.
.
.

β
.
−.
.
−.

t-value
.
−.
.
−.

p-Value
.
.
.
<.

SE B
.
.
.
.

β
−.
.
.
.

t-value
−.
.
.
.

p-Value
<.
.
<.
<.
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reported little to no diabetes distress, 50 (25.9%) reported
moderate distress, and 53 (27.5%) reported high distress. The
subscale with the highest T1D distress level was powerlessness (n=65 [50.8%]; Figure 1) and the subscale with the
highest T2D distress level was regimen related distress (n=78
[40.0%]; Figure 1). Of importance, 48 participants (15.0%)
also screened positive for clinically signiﬁcant depressive
symptoms, of which 22 were T1D participants (17.3%) and 26
were T2D participants (13.5%). The cutoff for clinically signiﬁcant depressive symptoms was associated with the cutoff
for high diabetes distress (χ2=70.918; df=1; p<0.001). Additional analyses revealed that clinically signiﬁcant depressive symptoms were associated with all seven T1D distress
subscales and three of the four T2D subscales, with the only
exception being high physician related distress (χ2=1.397;
df=1; p=0.175). Women (χ2=5.081; df=1; p=0.024) and
younger participants (t=−3.214; p=0.002) with T2D were
more likely to screen positive for high diabetes distress
levels (χ2=5.081; df=1; p=0.024). No gender (χ2=0.323; df=1;
p=0.570) or age differences (t=−1.201; p=0.232) were
observed in distress levels by participants with T1D.

Regression models
Multiple regression models examined associations among
depressive symptoms, diabetes distress scores, A1C levels,
diabetes self care behaviors, and DQOL in participants with
T1D and T2D (Table 2). In model 1, neither depressive
symptoms nor diabetes distress scores were associated with
A1C levels in participants with T1D (b=0.132, p<0.222;
b=0.179, p=0.097). In Model 2, higher scores of diabetes
distress (b=−0.268; p=0.030; R2=0.08) were independently
associated with fewer diabetes self care behaviors in participants with T1D, after controlling for age and gender.
Similarly, in Model 3, higher scores of diabetes distress
(b=0.726; p<0.001; R2=0.61) were independently associated
with lower DQOL in T1D participants, after controlling for
age and gender. Depressive symptoms were not associated
with A1C levels, self care, or DQOL in T1D participants.
For participants with T2D, model 4 showed that
increased depressive symptoms were associated with higher
A1C levels (b=0.390; p<0.001; R2=0.19) after controlling for
age and gender. In model 5, higher scores of diabetes distress
(b=−0.312; p<0.001; R2=0.14) were independently associated
with fewer diabetes self care behaviors in T2D participants,
after controlling for age and gender. Finally, in model 6, both
increased depressive symptoms (b=0.363; p<0.001; R2=0.66)
and higher scores of diabetes distress (b=0.501; p<0.001)
were associated with lower DQOL in participants with T2D,
after controlling for age and gender.
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Discussion
This cross sectional survey study assessed high diabetes
distress levels as well as the comorbidity of clinically
significant depressive symptoms and high diabetes
distress in adults living in southeastern Appalachian
Ohio. Overall, 92 (28.3%) participants reported high diabetes distress levels, of which 39 (30.5%) were participants with T1D and 53 (27.5%) were participants with T2D.
These findings supported our hypothesis of a prevalence
for high diabetes distress greater than 25.0% in southeastern Ohio. Our overall prevalence was within the
prevalence ranges reported in two previous metaanalyses
(22.0% [23] and 36.0% [24]) that pooled diabetes distress
data from 58 and 55 studies, respectively, from mostly
urban locales in 17 different countries. However, those
metaanalyses [23, 24] used a DDS cutoff ≥2.0 to indicate
diabetes distress. Had we used a ≥2.0 cutoff for diabetes
distress, 181 (56.4%) participants would have reported
moderate to severe diabetes distress in our sample, far
exceeding the prevalence reported in both previous metaanalyses. We utilized the cutoff scores of the validated
T1DDS and T2DDS [22, 35]. Despite the difference in cutoff
scores, our data and these metaanalyses show that diabetes distress is widespread.
There has been minimal prior research on diabetes
distress in rural communities [43–45]. While diabetes
distress research in the rural US is lacking, comparisons can
be drawn between southeastern Ohio and the southern US.
Both regions are located in the “Diabetes Belt,” a
geographically distinct region characterized by higher rates
of diabetes, poverty, and unemployment [46]. A recent study
[47] examining diabetes distress and social support in Alabama’s Medicaid population found that 16% of participants
had moderate diabetes distress and 7.7% had high distress.
While our study included only 85 (26.2%) participants who
had Medicare/Medicaid, our participants reported much
higher rates of moderate (27.7%) and high (28.3%) diabetes
distress. The social determinants of health in southeastern
Ohio – such as ﬁnancial insecurity, food insecurity, lack of
access to health care, and lack of social support – may
explain the variability in diabetes distress rates. Another
study [48] conducted in Tennessee reported a 64% prevalence of moderate to high diabetes distress (≥2.0 cutoff) in
adults with T1D. Combined, our 61.0% prevalence of moderate and high distress levels in T1D participants was comparable to that sample. Of note, both of those studies [47, 48]
conducted in the southern US were not in rural communities. This supports the need for more diabetes distress
research in rural and Appalachian communities.
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The comorbidity of clinically significant depressive
symptoms and high diabetes distress levels was 15.0%
among T1D and T2D participants (17.3 and 13.5%, respectively). This finding did not support our second hypothesis
of a comorbidity rate exceeding 15.0%; however, the
observed rate is supported by previous literature. Chew
et al. [49] reported a 14.0% combined rate for clinically
signiﬁcant depressive symptoms and diabetes distress.
Another study from the Australia National Diabetes Audit,
by Nanayakkara et al. [50], documented a 5% comorbidity
of clinically signiﬁcant depressive symptoms and high
diabetes distress. Our rate is comparable to the rates presented in those studies. More research is needed to conﬁrm
our ﬁndings and examine temporal relationships between
clinically signiﬁcant depressive symptoms and diabetes
distress over time to identify potential mediators and
moderators in the pathway to target for interventions.
Our regression models showed that higher diabetes
distress scores were associated with fewer self care behaviors and lower DQOL in both participants with T1D and
T2D. Further, more depressive symptoms were associated
with lower DQOL participants with T2D. Contrary to our
hypothesis, higher diabetes distress scores were not associated with higher A1C levels in participants with T1D or
T2D. We found increased depressive symptoms were
associated with higher A1C levels in participants with T2D,
which counters the current literature that shows diabetes
distress in adults with T2D is associated with higher A1C
levels cross sectionally and longitudinally [27]. While some
research supports an association between increased
depressive symptoms and higher A1C levels [16, 51]; diabetes distress appears to be the stronger predictor of A1C
levels [31, 50]. The lack of association between diabetes
distress and A1C in T1D and T2D participants may be
partially explained by markers of higher socioeconomic
status (i.e., education, health insurance coverage) [52] or a
narrower range of A1C values in the study sample [53].
Nonetheless, these ﬁndings underscore the importance of
routine screening for clinically signiﬁcant depressive
symptoms and high diabetes distress in people with T1D
and T2D living in southeastern Appalachian Ohio.

Screening for diabetes distress
Osteopathic physicians are well positioned to screen for
diabetes distress. More than 121,000 osteopathic physicians
are practicing in the US, of which 56.5% identify as primary
care physicians [54]. Primary care physicians treat approximately 90% of the people with T2D in the US [55]. Given the
current shortage of endocrinologists [56] and increasing

rates of diabetes, primary care physicians, in particular
osteopathic physicians, will continue to play a large role in
the care of people with diabetes. Primary care physicians
already screen adults for depression per the 2016 US Preventive Services Task Force (USPSTF) recommendations
[57]; thus, the addition of a brief screening tool for diabetes
distress is a well timed approach to screen for both psychosocial difﬁculties. To facilitate routine screening for
diabetes distress, osteopathic physicians can employ the
abbreviated two item Diabetes Distress Scale [58]. For patients who screen positive for high diabetes distress on the
two item scale, physicians can offer the more comprehensive scales adapted for T1D [35] and T2D [22]. These scales are
available at no cost to nonproﬁt institutions [59].

Treatment for diabetes distress
The first line therapy for patients with high diabetes
distress is diabetes self management education and support [3], which is an evidence based, important component
of diabetes care for all people with diabetes, [60]; ongoing
and repeated education is necessary to help patients
maintain what they learned during their initial education
[61]. For people with high diabetes distress, diabetes education can address areas of diabetes self care that may be
the source of frustrations, worries, and concerns (e.g.,
hypoglycemia, eating, blood glucose monitoring, cost of
insulin) [62]. Additionally, layperson-led or peer led diabetes self management education and support from peers
or community health workers has been shown to lower
diabetes distress in people with T1D and T2D [63, 64]; these
interventions may be more effective in rural and culturally
distinct regions like Appalachian Ohio. Future research
should assess the effectiveness of peer support and community health worker interventions in southeastern Ohio.
The second line therapy for high diabetes distress is
behavioral health. If tailored diabetes education does not
reduce high diabetes distress, people should be referred to
behavioral health providers for evaluation and treatment [3].
Effective behavioral care should incorporate problem solving therapy, cognitive behavioral therapy (CBT), motivational interviewing, and emotion regulation [65–67]. The
ADA recently partnered with the American Psychological
Association to offer continuing education credits for licensed
mental health professionals to learn about mental health
care for people with diabetes. Mental health professionals
qualiﬁed to treat people with diabetes are listed in the ADA
Mental Health Provider Directory Listing [68]. Providers can
search the listing for mental health professionals in their
region for referrals. In addition, expanded telehealth
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coverage and policies due to the novel coronavirus 2019
allow providers in rural regions to refer patients to telepsychology services in otherwise designated mental health
professional shortage areas. Importantly, ADA guidelines do
not recommend antidepressant medication for the treatment
of diabetes distress [62].

Treatment for clinically significant
depressive symptoms and diabetes distress
Like the USPSTF [57], the ADA guidelines recommend
routine screening for MDD and clinically signiﬁcant
depressive symptoms [3]. The primary purpose of screening
is to identify patients at high risk for MDD. The MDD diagnosis is made via the Diagnostic and Statistical Manual of
Mental Disorders-5 (DSM-5) [37]. Treatment options for MDD
in people with diabetes include psychotherapy (i.e., CBT),
antidepressant medications, exercise, or a combination of
these options [69–71]. For people with clinically signiﬁcant
depressive symptoms (not MDD) and co-occurring diabetes
distress, CBT interventions have been shown to effectively
lower depressive symptoms and diabetes distress [66], as
have CBT plus exercise interventions [71]. Exercise interventions designed to address only diabetes distress have
not been published to date.

Limitations
Limitations of this study include racial/ethnic homogeneity of
the study sample, participant self selection, self reported data,
and the cross sectional study design. While the predominantly White study sample is reflective of the racial distribution in southeastern Ohio, a larger, more diverse population is
necessary to confirm these findings. Next, participant self
selection limits the generalizability of the findings to all adults
living in Appalachia. We recruited participants via email,
flyers, social media, newspaper advertisements, and announcements in the community; thus, participants without
access to broadband internet, with limited transportation, or
with low literacy may have been less likely to participate. In
addition, self reported data are vulnerable to response bias.
Specifically, participants’ health related information was
collected via self report. This may explain the lack of statistical significance observed between diabetes distress and A1C,
which counters a large body of literature that shows higher
diabetes distress scores are associated with higher A1C levels
[26, 27, 30, 50]. Further, participants completed the PHQ-9 to
self report depressive symptoms instead of completing the
structured clinical interview, which is the gold standard for
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depression diagnosis [72]. Future researchers should collect
objective physiological measures and conduct structured
clinical interviews. Finally, the cross sectional study design
limited our ability to detect causal associations between
depressive symptoms, diabetes distress, A1C levels, self care,
and DQOL. Future longitudinal research should assess these
factors with a larger, more heterogenous sample to identify
the directionality of the reported relationships among clinically signiﬁcant depressive symptoms, diabetes distress, A1C,
diabetes self care, and DQOL. Additionally, prior longitudinal
research showed that diabetes distress is persistent over an
18 month time period [30]. Thus, longitudinal research in
southeastern Ohio is necessary to examine how diabetes
distress evolves over time and interacts with clinically signiﬁcant depressive symptoms. Finally, future research should
collect data on participants’ use of evidence based interventions for the treatment of diabetes distress (e.g., diabetes education, behavioral therapy) and clinically signiﬁcant
depressive symptoms (e.g., antidepressant medication,
behavioral therapy, exercise).

Conclusions
In this study, adults in southeastern Appalachian Ohio
reported high levels of diabetes distress and co-occurring
clinically significant depressive symptoms. Higher levels
of diabetes distress were associated with fewer diabetes
self care behaviors and lower DQOL in participants with
T1D and T2D. In participants with T2D, increased depressive symptoms were associated with higher A1Cs and lower
DQOL. These ﬁndings highlight the importance of routine
screening for diabetes distress and clinically signiﬁcant
depressive symptoms. Osteopathic primary care physicians are well positioned to screen for diabetes distress
while simultaneously screening for depression. Evidence
based interventions for diabetes distress and co-occurring
clinically signiﬁcant depressive symptoms are available.
With expanded telehealth coverage from the novel coronavirus 2019, access to diabetes self management education and CBT may be more accessible to rural populations
like the one in this study.
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