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ABSTRACT

Introduction: West Virginia, a rural and entirely Appalachian state, has the highest
prevalence of diabetes in the U.S., which is associated with higher diabetes
distress and lower health-related quality of life (HRQoL). Yet, few studies have
explored the nuanced role of social support as a buffer against distress, that is
pivotal in designing effective interventions. Therefore, this study explored the
moderating effect of social support between diabetes distress (total and its four
domains) and HRQoL among individuals with type 2 diabetes mellitus (T2DM) in
West Virginia.

Methods: This statewide cross-sectional study of T2DM individuals was conducted
during the COVID-19 pandemic (September 2021- December 2022) using an online
REDCap survey. Participants completed socio-demographic characteristics (age,
gender, race, educational status, income, and rural residence) along with the
Diabetes Distress Scale (DDS-17), the Patient-Reported Outcome Measurement
Information System (PROMIS-10) and a single-item measure of social support.
Linear regression analyses estimated the association between HRQoL (outcome
variable), diabetes distress (exposure variable) and its four domains (regimen-related,
physician-related, interpersonal, and emotional burden) and interaction of social
support and diabetes distress, adjusting for age, gender, race, education, income,
diabetes duration and rural residence.

Results: A total of 1,026 participants (mean age=58.40 + 12.54; 63.20% female)
were included in the analysis. About half of the participants resided in rural areas
and had low socio-economic status (i.e., 25% reported an annual income below
$25,000 and 19% had a college degree). Participants had lower mean T-scores
for global physical health (40.70 + 9.20) and global mental health (41.50 + 10.10)
compared to the general U.S. population. Most participants (92.90%) reported
having social support and low to moderate diabetes distress. Multivariate analysis
revealed a significant moderating effect of physician-related distress on global
mental health with social support having a protective role that buffered the
negative impact of physician-related distress on global mental health.

Conclusion: Findings indicated that HRQoL was lower than the US population
average among individuals with T2DM in West Virginia. Additionally, social support
ameliorated the negative effects of physician-related distress on global mental
health highlighting its protective role.

Keywords: Diabetes Distress, Health-Related Quality of Life, Social support,
Appalachia, Diabetes
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The Moderating Role of Social Support in the Association between Diabetes Distress and Health-Related Quiality of Life

Introduction

Type 2 Diabetes Mellitus (T2DM), a widely prevalent
and complex chronic illness, is associated with
significant psychological burden.!? Diabetes distress
refers to the emotional burden, fear, stress, and
worries from managing the demanding long-term
care and diabetes complications.** Individuals with
T2DM report that they are burdened and
overwhelmed by the complex and demanding daily
self-care activities required to manage their disease,
including monitoring blood glucose levels, counting
carbohydrates, adhering to medication regimens,
and maintaining regular physical activity.*"° Although,
moderate to severe diabetes distress is reported in
approximately 25% of individuals with T2DM,° the
prevalence is higher among vulnerable
populations'**®, particularly during the COVID-19
pandemic. Hence, diabetes distress is a pivotal
psychosocial concern and encompasses emotional
responses related to the diabetes diagnosis, the
burden of a demanding diabetes self-care regimen,
challenging in diabetes care access and service
utilization, difficult interactions with healthcare
providers and/or inadequate support received
from interpersonal relationships.*41¢ Studies have
shown that diabetes distress is associated with
poor adherence to diabetes self-care, suboptimal
glycemic control and an increased risk of diabetes-
related complications.’”*® In addition, individuals
with diabetes distress report lower HRQoL, particularly
in rural and underserved populations.*?°?? Since
diabetes distress and depression/anxiety have a
bilateral relationship, assessment of HRQoL is an
important patient-centered outcome as it captures
disparities in diabetes management and outcomes
and provides a holistic assessment of T2DM
individuals’ experiences that extend beyond clinical
measures like glycemic control.?*%

A growing body of evidence suggests that social
support is a key factor that positively influences
HRQoL in individuals with T2DM.?52?¢ Defined as
support from family, friends, and healthcare providers,
the stress buffering hypothesis posits that such
support can protect individuals from the adverse

effects of stressors such as diabetes distress on
health outcomes such as HRQoL.?** The moderating
effect of social support may occur through the
provision of emotional support, encouragement,
and having a more positive outlook on life and
diabetes management, improved coping strategies
and/or practical assistance with diabetes care.3°3!
While most research studies confirm the positive
relationship between social support and HRQoL,
the moderating effect of social support has not
been well studied, especially in rural Appalachian
population. While a prior study in Nigeria reported
that social support moderated the association
between diabetes distress and HRQoL,* the findings
may not be generalizable to the United States,
particularly the rural and Appalachian populations
of West Virginia, where socio-cultural and healthcare
access factors differ substantially.

West Virginia, a rural and the only fully Appalachian
state, ranks 1% in the nation in the prevalence of
diabetes (17.7%).*? Likewise, diabetes distress
burden is higher in West Virginia individuals due to
adverse social determinants of health (SDOH) and
access barriers since the region is characterized by
striking high poverty rates, low literacy and low
health literacy rates.®** The adverse SDOH along
with limited access to healthcare specialists and
diabetes self-care management education and
services contribute to poor adherence to self-care
(e.g., healthy diet, physical activity, blood glucose
monitoring, medication adherence, and foot care),
poor glycemic control and poor HRQOL.*3" In this
context, understanding the moderating role of
social support on the association between diabetes
distress and HRQoL is crucial given that prior studies
have not studied the nuanced moderating role of
social support in the rural Appalachian population
of West Virginia. Therefore, the objective of this
study was to explore the moderating role of social
support on the association between diabetes distress
and HRQoL among T2DM individuals in West Virginia.
Findings will enhance our understanding of the
moderating effects of social support and thereby
address critical gaps for supportive implementation
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strategies to develop culturally tailored interventions
for rural individuals.

Methods

STUDY DESIGN AND PARTICIPANTS

This cross-sectional study used secondary data
collected during the COVID-19 pandemic (September
2021 to December 2022) from community-dwelling
West Virginia individuals living with diabetes and
comorbid conditions (h=1,026). Participants were
recruited by sending messages via a patient portal
to eligible individuals (aged 18 years and older with
an established diagnosis of diabetes). The message
included a link to an online survey, and an electronic
consent form administered via a secure, web-based
application - the Research Electronic Data Capture
(REDCap) application. Participation was voluntary,
and anonymity and confidentiality of the participants
were ensured. To encourage participation, $50
raffle gift cards were given to ten randomly selected
individuals who completed the survey and provided
their contact information. The data from the online
survey were extracted and encrypted for analysis.
The study was approved by the Institutional Review
Board of West Virginia University (IRB protocol
number: 2207604554).

DATA COLLECTION AND MEASURES

As part of a larger project, this study included
measures of socio-demographic characteristics,
diabetes distress, HRQoL and social support.
Demographic characteristics included age (in
years), gender (female, male), race (Non-white, White),
education level (high school or GED, some College
or Technical degree, bachelor’'s degree, master’s
degree, professional education or PhD), income (<
$25,000, $25,000 - $49,999, $50,000 - $74,999,
$75,000 - $99,999, and = $100,000), diabetes
duration (in years) and rural residence. Race was
condensed into two categories i.e. white and non-
white since the sample size was unevenly distributed
across the racial groups. The US Department of
Agriculture’s census tract-level Rural-Urban Commuting
Area (RUCA) codes were computed from participant’s

zip codes to categorize participants as urban (0),
large rural city/town (1) or rural dwellers (2).3®

Diabetes distress was measured by the 17-item
Diabetes Distress Scale (DDS).* The DDS assessed
4 domains of diabetes distress: emotional distress
(5 items), regimen-related distress (5 items),
interpersonal distress (3 items), and physician-
related distress (4 items). Participants responded to
the questions from 1 (not a problem) to 6 (very serious
problem). Total and subdomain diabetes distress
scores were calculated; higher score indicated higher
diabetes distress. Average scores of <2.0 indicated
little or no distress, 2.0-2.9 indicated moderate
distress and >3.0 indicated high distress.

HRQoL was assessed using the 10-item Patient-
Reported Outcome Measurement Information
System (PROMIS-10) scale, which comprises two
dimensions: namely Global Physical Health (GPH)
and Global Mental Health (GMH).* Items were
reverse coded as guided by the scale scoring
recommendations. Standardized T-scores were
computed from the raw scores for GPH and GMH
to facilitate meaningful interpretation and enable
comparisons with the national average for Americans.

Social support was assessed by 1-item question
which asked participants who provided them with
social support during the pandemic. The multiple
choices included “someone | live with”, “friend or
family who comes by my place”, “friend or family
who | talk with on the phone (or video chat)”, “other”
and “1 do not have social support”. Responses were
grouped into two groups: “1 = any form of social

support” versus ‘O =no social support’.

STATISTICAL ANALYSIS

Descriptive  statistics were conducted for
sociodemographic information of participants along
with diabetes distress, HRQoL and social support.
Continuous variables were depicted via means and
standard deviations (SD), and categorical variables
were expressed as frequencies (% and 'n’). Pearson’s
correlation was used to measure associations among

the variables and check for multicollinearity. Rural
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residence, income and education were transformed
into binary variables before running correlation and
regression analyses; rural residence was categorized
into urban and rural; income was categorized to have
two categories namely ‘<$50,000’ and ‘>$50,000’
and education had two categories namely ‘at least
some college or technical school’ and ‘bachelor’s
degree and higher’. Linear regression analyses were
conducted to estimate the association between
HRQoL (outcome variable) and diabetes distress
(exposure variable) and interaction term (social
support* diabetes distress) adjusting for covariates
(age, gender, race, education, income, diabetes
duration and rural residence). Statistical analyses were
performed using the Statistical Package for Social
Sciences (SPSS) (version 29.0, SPSS Inc, Chicago)
and Stata (version 17.0). Statistical inferences were
based on a significance level of p< 0.05 (two-sided).

Results

The sample size was 1,026. Participants’ socio-
demographic characteristics are reported in Table
1. The mean age and diabetes duration were 58.40
+ 12.54 and 11.57 + 8.38 years, respectively.
Approximately half of the participants (49.9%) resided
in suburban areas, 26.6% in urban areas and 23.5%
in rural areas. The sample was predominantly female
(63.2%) and almost exclusively non-Hispanic White
(98.6%), reflective of the lack of racial and ethnic
diversity in the state. Approximately 25% of
participants reported an annual income below
$25,000 and only 19% had a bachelor’s degree- also
reflective of the lower socioeconomic status of West
Virginians.

Table 1: Participants’ Socio-demographic Characteristics

. . . n (Total n=1,026) Mean (Std.
Socio-demographic characteristic % L
deviation)

Age (years) 58.40 (12.54)
Diabetes 11.57 (8.38)
duration (years)

Urban 26.60 261
Rural residence | Large Rural city/town 49.90 491

Rural 23.50 231

Female 63.20 639
Gender Male 36.80 372

Non-white 1.40 14
Race -

White 98.60 999

Less than $25,000 24.20 241

$25,000 - $49,999 26.50 263
Income $50,000 - $74,999 20.50 204

$75,000 - $99,999 13.80 137

$100,000 or more 15.00 149

High School Graduate or GED 25.10 255

Some College or Technical 40.10 407

School
Educational College Graduate (Bachelor's 19.30 196
status Degree)

Graduate Degree (Master’s, 15.60 158

Professional Degree, or

Doctoral Degree

Note: GED is General Educational Development

© 2025 European Society of Medicine
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The psychosocial characteristics of the participants
are summarized in Table 2. The mean GPH and GMH
T-scores were 40.7 £ 9.2 and 41.5 + 10.1, which
were below the US national averages, indicating
lower HRQoL in West Virginia. The mean total
diabetes distress score was 1.9 + 0.9, indicating
little or no distress among participants. The mean
domain scores were: emotional burden (2.1 + 1.2),
physician-related distress (1.3 + 0.7), regimen-related

distress (2.2 + 1.1), and interpersonal distress (1.8 +
1.1). These scores suggest that, on average,
participants experienced moderate or clinically
significant levels of emotional burden and regimen-
related distress while little or no physician-related
distress and interpersonal distress. Most participants
(92.9%) reported having social support, suggesting
that the majority had access to assistance and support
from family, friends, cohabiting partner or others.

Table 2: Participants’ Psychosocial Characteristics

Psycho-social variables % (n) Mean Std. Deviation
Global Physical Health 12.20 3.20
Global Mental Health 12.50 3.50
HRQoL Global Mental Health 41.50 10.10

T-score
Global Physical Health 40.70 9.20
T-score
Total Diabetes 1.90 0.90
Distress
Emotional Burden 2.10 1.20

Diabetes distress Physician Distress 1.30 0.70
Regimen Distress 2.20 1.10
Interpersonal Distress 1.80 1.10
Yes 92.90 (953)

Social Support

No 7.10 (73)

Note: HRQoL is Health Related Quality of Life

Table 3 depicts Pearson’s correlation values between
the socio-demographic and psycho-social variables.
GPH was positively associated with age (r=0.11
p<0.01), income (r=0.40, p<0.01), educational status
(r= 0.29, p<0.01) and gender (r=0.19, p<0.01),
indicating that individuals with better GPH tended
to be older, male, have a household income of at
least $50,000, and college educated or higher.
Likewise GMH was positively related with age (r=0.20,
p<0.01), income (r=0.30, p<0.01), educational status
(r= 0.21, p<0.01), gender (r= 0.18, p<0.01) and
GPH (r= 0.67, p<0.01) indicating a similar pattern
i.e., older participants, male, those with higher
income (= $50,000) and those with a college degree
(bachelor’s degree or higher) reported better GMH.

Tables 4,5,6,7 and 8 present the results of
multivariate linear regression analyses with HRQoL
as the outcome variable. Predictor variables included
diabetes distress (exposure variable) and its four
dimensions (emotional burden, regimen-related
distress, physician-related distress and interpersonal
distress), social support, and interaction between
total diabetes distress and social support. Covariates
adjusted in the multivariable model included age,
gender, race, education, income, diabetes duration,
and rural residence. Associations with GMH and
GPH were assessed separately.

© 2025 European Society of Medicine 5
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Table 3: Correlational Matrix for Demographic and Psychosocial Variables

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Age 1
2 Diabetes 0.31** 1
duration
3 Rural residence | 0.03 -0.06 1
4 Income 0.08* 0.04 -0.04 1
5 Education 0.10** 0.01 -0.07* | 0.34** |1
6 Race >-0.01 -0.07 0.08** | 0.03 0.01 1
7 Gender 0.13** 0.10** -0.04 0.20** | 0.08* <0.01 |1
8 Global Physical | 0.11** -0.01 -0.04 0.40** | 0.29** 0.03 0.19** 1
health
9 Global mental | 0.20** 0.04 -0.03 0.30** | 0.21** 0.04 0.18** 0.67** 1
health
10 | Total diabetes | -0.28** | -0.07* 0.05 -0.17** | -0.06 -0.01 -0.11** | -0.46** | -0.46** |1
distress
11 | Emotional -0.27** | -0.03 0.02 -0.15** | -0.07* -0.02 -0.07 -0.45** | -0.44** | 0.92** 1
burden
12 | Physician -0.06 <0.01 0.10 -0.10** | -0.01 -0.04 -0.03 -0.22 -0.23** | 0.61** 0.45** 1
distress
13 | Regimen -0.30** | -0.12** | 0.07* -0.16** | -0.06 <0.01 |-0.14** | -0.42** | -0.42** | 0.88** 0.75** 0.36** |1
distress
14 | Interpersonal -0.21** | -0.06 0.05 -0.17** | -0.06 0.01 -0.10** | -0.34** | -0.36** | 0.78** 0.64** 0.41** | 0.56** |1
distress
15 | Social support | 0.07* -0.01 0.01 0.08* | 0.07* <0.01 | -0.05 0.10** 0.14** -0.13** | -0.13** | -0.01 -0.11** | -0.18** | 1
Note:
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
© 2025 European Society of Medicine 6
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Table 4. Linear Regression Model of HRQoL and Total Diabetes Distress
Global Mental Health Global Physical Health
Variables B coefficients [95% CI] ‘ p-values B coefficients [95% CI] ‘ p-values
Total diabetes distress score
Diabetes distress total | -2.80 [-4.79, -0.81] 0.01 -3.32 [-5.12, -1.52] <0.001
score
Rural residence (rural+ | 0.01 [-1.44, 1.47] 0.99 -0.21[-1.55, 1.12] 0.75
large rural city)
Income (>=$50,000) 3.96 [2.57, 5.34] <0.001 4.12[2.83, 5.40] <0.001
Education (bachelor’'s | 1.91 [0.48, 3.33] 0.01 3.76 [2.45, 5.06] <0.001
degree and higher)
Race (White) 0.61 [-4.53, 5.75] 0.82 -0.20 [-5.76, 5.35] 0.94
Gender (Male) 1.59[0.23, 2.95] 0.02 1.81[0.56, 3.06] 0.01
Social support (has 7.81[2.28, 13.35] 0.01 2.64 [-2.53, 7.81] 0.32
social support)
Diabetes duration 0.003 [-0.08, 0.08] 0.93 -0.03 [-0.10, 0.04] 0.39
Age 0.02[ -0.04,0.07] 0.53 -0.04 [-0.09, 0.01] 0.11
Total diabetes distress* | -2.11 [-4.25, 0.03] 0.05 -1.08 [-3.02, 0.85] 0.31
social support

Note: A significance level of p<0.05 was considered statistically significant.

Total Diabetes Distress

As shown in Table 4, individuals experiencing higher
diabetes distress (total) had significantly poorer
HRQoL as reflected by lower scores of GPH (= -
3.32, p<0.001) as well as GMH (= -2.80, p=0.01).
Socioeconomic factors were associated with better
HRQoL; men and individuals with income > $50,000
and a bachelor’'s degree reported higher GPH (=
1.81, p=0.01; B=4.12, p<0.001; = 3.76, p<0.001)
and GMH (= 1.59, p=0.02; = 3.96, p<0.001; p=
1.91, p=0.01) compared to women and those with
lower socioeconomic status. Additionally, those
with social support had significantly higher GMH
(B= 7.81, p=0.01) compared to those without
support. However, social support was not significantly
associated with GPH. While no moderating effects
of social support were observed for either GPH or
GMH, the interaction term approached significance
for GMH (p=0.05), suggesting that social support
may moderate the relationship between total diabetes
distress and GMH.

Emotional burden

As shown in Table 5, individuals with higher
emotional burden had significantly lower GMH
(B=-1.96, p=0.02) and GPH (p=-2.77, p<0.001).
Similar to total diabetes distress, higher income,
male gender and having a bachelor’'s degree were
positively and significantly associated with GMH
(B=4.22, p<0.001; =1.78, p=0.01; p=1.83, p=0.01)
as well as GPH (B=4.32, p<0.001; = 1.99, p=0.01;
B=3.64, p<0.001). Men and individuals with higher
socio-economic status (i.e., income > $50,000 and
bachelor’s degree) reported higher GPH and GMH
compared to women and those with
socioeconomic status. Individuals with social support
had higher GMH than those without social support
(B=7.34, p=0.01), although social support was not
significantly associated with GPH. Furthermore,

lower

social support did not moderate the association
between emotional burden and GMH or GPH. In
addition, the moderating effect of social support on
the emotional burden-GMH relationship approached
statistical significance (p=0.06) indicating a potential
moderating role that warrants further investigation.

© 2025 European Society of Medicine 7
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Table 5: Linear Regression Model of HRQoL and Emotional Burden

Global Mental Health Global Physical Health
Variables B coefficients [95% p-values B coefficients [95% CI] p-values
Cl]
Emotional Burden
Emotional burden score | -1.96 [-3.53, -0.40] 0.02 -2.77 [-4.17, -1.37] <0.001
Rural residence (rural+ -0.24 [-1.70, 1.22] 0.75 -0.37 [-1.71, 0.96] 0.58
large rural city)
Income (>=$50,000) 4.22[2.83, 5.61] <0.001 4.32 [3.04, 5.60] <0.001
Education (bachelor’s 1.83[0.40, 3.26] 0.01 3.64 [2.33, 4.94] <0.001
degree and higher)
Race (White) 0.49 [-4.69, 5.66] 0.85 0.08 [-5.48, 5.64] 0.98
Gender (Male) 1.78[0.41, 3.14] 0.01 1.99 [0.74, 3.24] 0.01
Social support (has social | 7.34 [2.19, 12.51] 0.01 1.50 [-3.26, 6.27] 0.53
support)
Diabetes duration 0.02 [-0.06, 0.10] 0.62 -0.02 [-0.09, 0.05] 0.58
Age 0.02 [-0.04, 0.08] 0.49 -0.04 [-0.09, 0.01] 0.13
Emotional burden*social | -1.62 [-3.31, 0.06] 0.06 -0.51[-2.02, 0.99] 0.51
support

Note: A significance level of p<0.05 was considered statistically significant.

Table 6: Linear Regression Model of HRQoL and Physician-related Distress

Global Mental Health Global Physical Health
Variables B coefficients [95% p-values B coefficients [95% CI] p-values
Cl]
Physician-related distress

Physician-related 0.81 [-2.28, 3.89] 0.61 0.12 [-2.63, 2.88] 0.93
distress score
Rural residence 0.61 -0.37 [-1.82,1.08] 0.62
(rural+large rural city) -0.40 [-1.96, 1.16]
Income (>=$50,000) 4.58 [3.10, 6.06] <0.001 5.00[3.61, 6.39] <0.001
Education (Bachelor’s 1.82[0.30, 3.35] 0.02 3.79[2.38, 5.21] <0.001
degree and higher)
Race (White) 0.93 [-4.58, 6.44] 0.74 0.76 [-5.28, 6.80] 0.80
Gender (Male) 2.02[0.56, 3.47] 0.01 2.19[0.83, 3.55] <0.01
Social support (has 10.07 [4.99, 15.15] | <0.001 5.78[1.17, 10.38] 0.01
social support)
Diabetes duration 0.01[-0.08, 0.09] 0.98 -0.03 [-0.11, 0.05] 0.45
Age 0.01 [0.04, 0.15] <0.01 0.03 [-0.02, 0.08] 0.30
Physician-related 0.02 -2.69 [-5.61, 0.22] 0.07
distress*social support | -3.91 [-7.16, -0.65]

Note: A significance level of p<0.05 was considered statistically significant.

© 2025 European Society of Medicine 8
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Physician-related distress

Unlike other domains of diabetes distress, physician-
related distress was not significantly associated with
either GMH or GPH. However, key sociodemographic
variables continued to show significant and positive
associations with both GPH and GMH as shown in
table 6: higher income, having at least bachelor’s
degree and male gender were positively and
significantly associated with both GPH (3= 5.00,
p<0.001; p=3.79, p=<0.001; p=2.19, p<0.01) and
GMH (B=4.58, p<0.001; p=1.82, p=0.02; p=2.02,
p= 0.01). Men and individuals with higher socio-
economic status (i.e., income > $50,000 and
bachelor’s degree) reported higher GPH and GMH
compared to women and those with
socioeconomic status. Additionally, older participants
reported higher GMH (3= 0.01, p<0.01) while rural
residence, race and diabetes duration were not

lower

45
‘.\.‘.
“‘
“
L 8
40 x 8
“ o
e .000”0“
.M..,.ov""’.. S
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= 351 .
30
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significant predictors in the model. Likewise,
individuals with social support had higher GMH
(B=10.07, p<0.001) as well as GPH (3=5.78, p=0.01)
as compared to those who reported no social support.
Most importantly, results showed a significant
moderating effect of social support for GMH (p=0.02)
implying that the relationship between physician-
related distress and GMH differed based on the
presence of social support.

As illustrated in Figure 1, lower physician-related
distress was significantly associated with higher
GMH among individuals who had social support
(B=-3.10, p<0.001). However, this association was
not significant for individuals without social support
(B=1.58, p=0.31). These findings suggest the
protective role of social support for GMH.

—&— No social support

*— Has social support

1.00 2.00 3.00

4.00

5.00 6.00

Physician distress

Note: GMH is Global Mental Health

Fig 1. Simple slopes showing the moderating role of social support in physician-related distress-GMH
association
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Regimen-related distress

As shown in table 7, individuals with higher regimen-
related distress had poorer GMH (3=-2.25, p<0.01)
as well as GPH (3=-2.27, p<0.01). Higher income and
having at least bachelor’'s degree were positively
associated with both GMH (3=4.27, p<0.001; =
1.69, p=0.02) and GPH (f=4.42, p<0.001; = 3.54,
p<0.001) indicating that individuals with higher
socioeconomic status reported better HRQoL. Male
gender was associated with GPH (3= 1.63, p=0.01) but

not GMH, suggesting that gender-based differences
may be more pronounced in GPH rather than GMH.
Participants’ rural residence, race, diabetes duration
and age were not associated with both GMH or
GPH. However, social support correlated with GMH
(B=6.27, p=0.01) suggesting that individuals with
social support had higher GMH. No moderating
effects of social support were observed for either
GPH or GMH.

Table 7: Linear Regression Model of HRQoL and Regimen-related Distress

Global Mental Health Global Physical Health
Variables B coefficients [95% CI| ‘ p-values B coefficients [95% CI| ‘ p-values
Regimen-related distress

Regimen-related distress | -2.25 [-3.76, -0.75] <0.01 -2.27 [-3.64, -0.91] <0.01
score
Rural residence 0.21[-1.28,1.70] 0.78 -0.06 [-1.42, 1.29] 0.93
(rural+large rural city)
Income (>=$50,000) 4.27 [2.86, 5.68] <0.001 4.42[3.11,5.72] <0.001
Education (Bachelor’s 1.69 [0.24, 3.14] 0.02 3.54 [2.21, 4.86] <0.001
degree and higher)
Race (White) 1.11[-4.14, 6.36] 0.68 0.76 [-4.90, 6.41] 0.79
Gender (Male) 1.36 [-0.03, 2.75] 0.05 1.63[0.36, 2.91] 0.01
Social support (has social | 6.27 [1.32, 11.22] 0.01 2.88[-1.76, 7.51] 0.22
support)
Diabetes duration -0.02 [-0.10, 0.06] 0.61 -0.06 [-0.13, 0.02] 0.13
Age 0.03[-0.03, 0.08] 0.32 -0.04 [-0.09, 0.01] 0.14
Regimen-related -1.04 [-2.66, 0.58] 0.21 -0.84 [-2.31, 0.62] 0.26
distress*social support

Note: A significance level of p<0.05 was considered statistically significant.

Interpersonal distress

As shown in table 8, individuals with higher
interpersonal distress had poorer GMH (=-2.04,
p=0.01) as well as GPH ($=-2.16, p<0.01).
Socioeconomic status and male gender remained
strong predictors of better GMH and GPH. Higher
income, having a college degree and male gender
were significantly (positively) associated with both
GPH (=4.46, p<0.001; = 3.67, p<0.001; p=1.93,
p<0.01) as well as GMH (= 4.18, p<0.001; = 1.74,
p=0.02; B=1.74, p=0.02). In contrast, rural residence,
race, diabetes duration and social support were not

associated with either HRQoL. Age was significantly
associated with only GMH (= 0.06, p= 0.05)
indicating that older participants had better GMH.
No moderating effects of social support were
observed for either GPH or GMH.
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Table 8: Linear Regression Model of HRQoL and Interpersonal Distress

Global Mental Health Global Physical Health
Variables B coefficients [95% CI] ‘ p-values B coefficients [95% CI] ‘ p-values
Interpersonal distress

Interpersonal distress -2.04 [-3.52, -0.55] 0.01 -2.16 [-3.52, -0.80] <0.01
score
Rural residence 0.82 -0.22 [-1.63, 1.19] 0.76
(rural+large rural city) -0.17 [-1.70, 1.35]
Income (> $50,000) 4.18 [2.73, 5.63] <0.001 4.46 [3.10, 5.81] <0.001
Education (Bachelor's | 1.74[0.25, 3.23] 0.02 3.67 [2.29, 5.05] <0.001
degree and higher)
Race (White) 1.63 [-3.75, 7.01] 0.55 0.93[-4.94, 6.79] 0.76
Gender (Male) 1.7410.31, 3.16] 0.02 1.93 [0.60, 3.25] <0.01
Social support (has 4.56 [-0.11, 9.23] 0.06 0.72 [-3.72, 5.15] 0.75
social support)
Diabetes duration -0.001 [-0.08, 0.08] 0.97 -0.03 [-0.11, 0.04] 0.38
Age 0.06 [0.0003, 0.11] 0.05 -0.003 [-0.06, 0.05] 0.91
Interpersonal -0.59 [-2.21, 1.03] 0.47 -0.13[-1.61, 1.35] 0.87
distress*social support

Note: A significance level of p<0.05 was considered statistically significant.

Discussion

The primary aim of this study was to examine
whether social support moderates the relationship
between diabetes distress and HRQoL among
individuals with T2DM in the rural state of West
Virginia. Our findings showed that social support
significantly moderated the association between
physician-related distress and GMH. Specifically,
individuals with social support experienced a
weaker negative impact of diabetes distress on
GMH as compared to those without social support.
Additionally, it was also observed that individuals
reported significantly lower GPH and GMH scores
compared to the general United States population.
These findings align with prior evidence showing
that HRQoL is lower in rural individuals with T2DM
compared to the United States population.**42

West Virginia is a rural and the only fully Appalachian
state in the nation with disproportionate burden of
diabetes and related distress. In addressing the
challenges faced by individuals with T2DM, our
findings demonstrate that social support can play a
protective role by buffering the negative effect of

physician-related distress on GMH, consistent with
the stress-buffering theory of social support®.
Diabetes distress affects GPH and GMH and
differences were noted in this rural population by
gender and socioeconomic status. Since managing
diabetes requires ongoing daily self-care that can
present significant challenges, it is crucial to
address psychosocial factors and promote healthy
coping mechanisms to improve HRQoL in those
living with T2DM. Hence, T2DM self-management
interventions aimed at improving diabetes self-
care and outcomes in rural individuals with T2DM
may integrate social support while addressing
psychosocial factors that promote healthy coping
to improve overall HRQoL. More specifically, stress
management sessions may focus on how to seek
and cultivate support systems such as peer support
groups or community networks to reduce challenges
and address diabetes distress. Additionally, awareness
and training of healthcare providers to address
diabetes distress through improved patient-provider
communication, recognizing the signs of distress
and providing appropriate counseling, and connecting
them with resources such as behavioral health
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services and emotional support is crucial. This can
also improve a patient-centered care and empathetic
communication and encouragement by providers
that focus on physical, mental, and behavioral health.*

There was a near-significant moderating effect of
social support for emotional burden and total
diabetes distress. This suggests that social support
can provide a protective role in various domains of
distress that warrants further investigation. Although
the sample size of the study was large, detecting
moderation effects can be challenging due to the
need for sufficient variability in both the predictor
and moderating variables. Alternatively, the trends
toward moderating the association between
emotional burden and total diabetes distress could
be a reflection of this complexity rather than a lack
of true moderation.

The findings of our study partly differs from a prior
study conducted in Nigeria that indicated that
social support moderated the association between
diabetes distress and HRQoL for total diabetes
distress as well as all domains of diabetes distress
except emotional burden.* The discrepancies
between our study findings and those of Onu et al.
may be explained by differences between the
Eastern and Western cultures and the populations
studied (i.e.., West Virginia vs. Nigeria), as well as
variations in how social support was conceptualized
and measured. First, cultural differences between
people in West Virginia and Nigeria may significantly
influence how they perceive, understand, and use
social support for chronic disease management.
Social support can vary across populations depending
on how families are involved, strength of family
relationships and how connected people are within
their local communities and community networks.
Second, the differences in how social support was
measured i.e., 1-item in this study versus Onu et al.
(Brief Chronic lliness Resources Survey (BIRS); 22-
items) could be a contributing factor for the
discrepancies noted. Since social support has
several domains, use of validated tools, such as the
BIRS, for assessing an individuals’ available social

support to manage their chronic iliness, can provide
better context and is recommended for future
research.

The absence of a moderating effect of social support
on the relationship between diabetes distress and
GPH may have several explanations. One possibility
is that social support tends to offer emotional and
psychological benefits to individuals, which are
more directly linked to improvements in GMH
rather than GPH.* In contrast, GPH often depend
on adherence to diabetes self-care behaviors that
necessitate instrumental social support. These
includes tangible assistance with transportation to
medical appointments, support with eating healthy
and encouragement or shared participation in
physical activity.**“® This suggests research should
differentiate the types and domains of social support
and their specific effects on domains of diabetes
distress and HRQoL.

In our sample, a higher proportion of participants
had rural residence and low socio-economic status,
reflective of the state’s rural and medically underserved
population. In addition, a higher proportion of
participants had elevated regimen-related distress
and emotional burden as compared to interpersonal
and physician-related distress. However, moderating
effect of social support was observed only for
physician-related distress. This may be attributed
to several factors. One plausible explanation is that
the type of social support available to participants
may be better suited to address physician-related
distress. For example, family and friends may provide
support to help individuals navigate the healthcare
system, remind them to ask questions, accompany
them to appointments for emotional support, and
share experiences and tips about communicating
effectively that may effectively buffer physician-
related distress. However, these forms of support
might not be as relevant to other domains of diabetes
distress. Likewise, some domains of distress (e.g.,
emotional burden and interpersonal distress) may
be more internalized and personal and thus may
necessitate more intensive psychosocial support
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from behavioral health providers such as counseling,
therapy or sustained close relationships, unlike
physician-related and regimen-related distress.*
Hence, patients may require specific support from
trained providers or health coaches for emotional
burden and interpersonal distress. Furthermore, the
buffering effect of social support may be diminished
when there is a mismatch between perceived and
received social support.® For example, while the
sources of social support (family or friends) may
express sympathy with good intentions, that may
not help individuals feel supported.

Individuals with T2DM experience regimen-related
distress from the burden and frustration from daily
demands of managing their complex lifestyle and
treatment regimens. This includes the stress
associated with following a strict medication schedule,
monitoring blood glucose levels regularly, adhering
to a diet plan, and maintaining consistent physical
activity. Individuals with T2DM often benefit from
instrumental social support and informational
social support.** Instrumental support can include
assistance with grocery shopping and cooking
healthy meals and reminders to take medications,
financial support or support with transportation for
healthcare visits while informational support can
include practical and relevant information pertaining
to diabetes management and care including
information on counting calories, information on
diabetic friendly meal plans, local support groups
for individuals with T2DM.* While an individual may
have a large social network, this does not necessarily
guarantee access to instrumental or informational
support. This disconnect can be especially
pronounced in individualistic cultures, such as that
of the United States, where individuals may be less
likely to seek and receive, especially instrumental
support.*®

Although social support can play an important role
in reducing interpersonal distress, when individuals
perceive that encounters and interactions with
family and friends are the source of their distress, it
creates a complex and often painful paradox.*

Instead of being a buffer, negative interactions can
trigger stress, misunderstanding, or conflict.
Therefore, social support to reduce interpersonal
distress often calls for a more nuanced or external
sources of support. These sources may include
professional counseling and peer support groups
where people share similar experiences.*® Thoits
argues that, in addition to ‘significant others’
(encompassing family), ‘experientially similar others’
- individuals with similar experiences with managing
diabetes- also serve as important sources of social
support. She proposes that empathy, active coping
assistance, and role modeling are key mechanisms
through which social support buffers stress “¢. Peer
support groups offer individuals the opportunity to
talk and listen without judgment and provided
advice and guidance. Peer support groups are an
integral component of group-based diabetes self-
management programs that have been shown to
effectively buffer the negative effects of interpersonal
distress.*

This study has several strengths. To our knowledge,
this study was the first state-wide investigation into
the moderating effects of social support using a large
sample of T2DM individuals in a predominantly
rural Appalachian state. Due to the large sample
size, the estimates of population parameters have
greater precision. Likewise, it increased the statistical
power of hypothesis tests, thereby reducing the risk
of Type Il errors (i.e., false negatives) and enhancing
the likelihood of detecting significant results when
they exist. Additionally, our study used validated
diabetes distress and HRQoL measures that allowed
us to contextualize the domain-specific variations.
However, several limitations should be noted. This is
a cross-sectional study that limits causal inferences
based on the findings. The self-reported measures
used to assess diabetes distress, HRQoL and social
support may have social desirability bias. Additionally,
survey recruitment via an online patient portal and
completion of online REDCap surveys and e-
consent forms may have excluded participants with
low digital literacy. In addition, the findings may not
be generalizable outside of West Virginia because
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of the lower representation of racial and ethnic
minority groups (3%) in the state. Additionally, using
a single-item social support question may not have
captured the multifaceted nature of social support
and overlooked important dimensions such as
tangible support, informational support, emotional
support and appraisal support.* In addition, data
were collected during the COVID-19 pandemic when
individuals with T2DM may have faced significant
challenges to not only their routine diabetes clinical
care but also self-care challenges and diabetes
distress may have been more pronounced, especially
for individuals living in rural and medically underserved
areas in West Virginia. There is a possibility that
pandemic related uncertainty and social isolation
may have worsened individuals’ diabetes distress
and HRQoL during the study period. Nevertheless,
the study population was representative of the
patient demographics in West Virginia. Although
we cannot draw causal inferences from this cross-
sectional study, our recruitment success highlights
online patient portal and survey tools can be
successfully used to track behavioral and EHR data
for chronic disease care.

The study findings are important as it improves our
understanding of the impact of social support on
reducing diabetes distress and improving wellbeing
of T2DM patients. Additionally, the findings can
inform and support interventions and strategies to
reduce distress and improve health outcomes. Our
findings suggest that public health practitioners
and educators should prioritize the development
and implementation of targeted interventions
designed to enhance social support for individuals
with T2DM in order to attenuate the negative effect
of diabetes distress on HRQoL; such interventions
can be mobilization of health coaches or community
health workers or peer support groups who are
trained to provide them with various forms of social
support such as appraisal support, informational
support, emotional support and instrumental support.
Future research should examine the role of different
types of social support such as appraisal or
informational support to guide more targeted

interventions. Likewise, in-depth qualitative studies
should be conducted to explore how social support
can be mobilized in the context of diabetes distress,
especially physician-related distress.

Conclusions

The study findings emphasize the protective role of
social support in buffering the negative effect of
diabetes distress, particularly physician-related
distress, on GMH among T2DM individuals in West
Virginia. In addition, lower GPH and GMH than the
average US population were noted emphasizing
the poor HRQoL in rural population of West Virginia.
These findings underscore the importance of social
support as a vital psychosocial resource to help
individuals cope with challenges and stressors in
rural and underserved areas of West Virginia. The
findings also emphasize the need for interventions
that integrate strategies to strengthen social support
especially for individuals with elevated diabetes
distress and low social support.
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