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Abstract

Purpose: Neighborhood factors such as crime, discrimination, and violence are increasingly
recognized as correlates of poor glycemic control. However, pathways for these relationships are
unclear. This study examined stress and self-efficacy as potential pathways for the relationship
between neighborhood factors and glycemic control in adults with type 2 diabetes.

Design: Cross-sectional study.
Setting: Two primary care clinics in southeastern US.
Participants: 615 adults aged 18 years and older.

Measures: Validated measures were used to capture neighborhood factors, stress, and self-
efficacy, while hemoglobin Alc (HbAlc) was abstracted from the electronic health record.

Analysis: Path analysis was used to investigate direct and indirect relationships between
neighborhood factors, stress, self-efficacy, and glycemic control.

Results: In the final model, violence (r = .17, P=.024), discrimination (r = .46, £<.001), and
crime (r = .36, P=.046) were directly associated with higher perceived stress. Stress (r = -.5, P

< .001) was directly associated with lower self-efficacy. Self-efficacy was directly associated with
better general diet (r = .12, £<.001), better specific diet (r = .04, < .001), more exercise (r = .08,
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P<.001), and lower HbAlc (r = -.11, £<.001). Stress (r = .05, P<.001), crime (r = .20, P<
.001), and discrimination (r = .08, £ < .001) were indirectly associated with higher HbAlc.

Conclusion: Stress and self-efficacy are potential pathways for the relationship between
neighborhood factors like violence, discrimination, and crime and glycemic control. Interventions
aimed at mitigating stress and improving self-efficacy may improve self-care behaviors and
glycemic control.

In Briefs

Understanding diabetes care within the context of social determinants is necessary for secondary
and tertiary prevention for adults with diabetes. This study used path analysis to investigate

direct and indirect effects between neighborhood factors, stress, self-efficacy, and glycemic control
among a sample adult population with type 2 diabetes.

The results of this study found significant direct effects between neighborhood factors (violence,
discrimination, and crime) and increased perceived stress. Significant indirect effects were found
between perceived stress and higher glycemic control, crime and higher glycemic control, and
discrimination and higher glycemic control.

Leveraging the current findings within the context of the existing body of evidence from public
health prevention programs offers a new way forward for conceptualizing prevention models for
neighborhood factors and diabetes outcomes. Development of outward facing interventions to
address multiple levels of influence on diabetes outcomes is an area where future work is needed.
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Purpose

Diabetes is the seventh leading cause of death and a major public health concern.! It affects
more than 30.3 million people in the United States, and costs around $327 billion per year.?
Diabetes is also associated with significant morbidity, mortality, and increased disability.L
Glycemic control as measured by hemoglobin Alc (HbAlc) is a crucial clinical outcome
for understanding the quality of a patient’s diabetes management over time.3 Self-care
behaviors, such as dietary changes, regular checks of blood sugar, exercise, and foot care are
essential for optimizing glycemic control and preventing diabetes complications.° Social
determinants of health, or the conditions in which people are born, age, work, and play,
greatly impact patients’ long-term health and influence how and if patients can complete
self-care behaviors.® Therefore, understanding diabetes care within the context of social
determinants is necessary for secondary and tertiary prevention for adults with diabetes.

Social determinants of health factors identified by the Center for Disease Control and
Prevention as having an influence on immediate and long-term health include neighborhood
factors.”:8 Within the context of diabetes, evidence shows that neighborhood factors such

as discrimination, crime, and violence are associated with diabetes incidence as well

as diabetes management.®-12 Discrimination, broadly defined as the biased treatment of
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members of a particular group by both individuals and social institutions, in particular

has been strongly correlated with an increased incidence of diabetes and subsequent
complications3-16 as well as increased blood pressure and continuous blood glucose
levels.1? In addition, evidence shows walking or being physically active can be impeded

due to do to high levels of crime and violence,18-20 increasing risk of obesity and diabetes.20
Finally, evidence suggests that across these 3 neighborhood factors of discrimination, crime,
and violence, all 3 may also influence diabetes self-care behaviors and HbAlc through
exposure to chronic stress.2!

Stress is one of the major hypothesized mechanisms for why neighborhood factors affect
health outcomes.22 Stress, both acute and chronic, are shown to have negative effects on
overall health via physiological and psychosocial pathways?2:23 and confers significant

risk for developing diabetes.24-26 Acute and chronic stressors of everyday life interplay

to affect the health of patients living with diabetes.2” For example, strong correlations

have been demonstrated in the literature between perceived discrimination and stress,28
which can lead to poorer self-care behaviors and worse glycemic control as stress is

shown to have direct and indirect influence, through these self-care behaviors, on glycemic
control.2% Additionally, evidence shows that with increased stress, engagement in treatment
recommendations decreases, negatively impacting glycemic levels,2” suggesting the integral
role of stress in diabetes management.3°

As stress plays a significant role in the development and management of diabetes,
understanding the potential pathways between specific neighborhood factors and glycemic
control is important. Self-efficacy, confidence in one’s ability to engage or perform specific
behaviors, is a construct with theoretical foundations in the interaction across behavioral,
personal, and environmental factors and has been directly linked to the performance of
self-care behaviors across patients with diabetes.31-34 Specifically, higher self-efficacy has
been shown to be related to higher engagement in specific diabetes self-care behaviors.34
However, little is known about the pathway between specific neighborhood factors, stress,
self-efficacy, self-care behaviors, and glycemic control for patients with diabetes. Therefore,
we developed a conceptual model to explain the potential pathways between neighborhood
factors and glycemic control based on existing literature (see Figure 1). We hypothesized
that stress and self-efficacy are potential pathways that explain the relationship between
neighborhood factors and glycemic control.

Design and Sample

This cross-sectional study included 615 adult participants with type 2 diabetes recruited
from 2 primary care clinics in the southeastern United States. Inclusion criteria for this
study included being 18 years or older, having a clinical diagnosis of type 2 diabetes

within their medical record, and ability to complete a paper-based survey in English.
Recruitment strategies included in person and targeted mailings. Approximately 90% of
the study sample was recruited in person, while 10% was recruited using targeted mailings.
The survey took on average 1 hour to complete. Ninety-five percent of eligible individuals
agreed to participate. No patients were excluded from this study. In person recruitment took
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place within the clinic waiting room where study announcements were made and interested
participants were screened for eligibility in a private location provided by the clinic director.
Those interested and eligible were scheduled for a visit to complete a one-time paper-based
survey with a research assistant. For those willing, the survey was completed at the time of
recruitment following informed consent procedures. Mailed recruitment including mailing
out letters of invitation to eligible participants detailing the study goals, procedures, and
eligibility criteria. Those interested contacted the research team to schedule an appointment
for screening, enrollment, and survey completion. All study procedures were approved by
the Medical University of South Carolina (PRO17676).

Outcome - HbAlc.—HbA1c was the primary outcome of interest and was abstracted
from each participant’s electronic health record. HbAlc values within 6 months of survey
completion were used for the analysis.

Neighborhood Factors

Previously validated measures3°:36 of neighborhood factors were used to examine 3
neighborhood factors for this study from the patient’s perspective: (1) Violence; (2)
Discrimination; (3) Crime.3:36 Four items were used to measure violence (Cronbach’s
alpha [.83]) including questions such as “During the past 6 months, how often was there

a fight in this neighborhood in which a weapon was used?” and if gang fights occurred,
sexual assaults occurred, or robberies and muggings. Response options ranged from “Often”
to “Never.” Four items were used to measure perceived discrimination (Cronbach’s alpha
[.74]), including questions such as in the past 12 months, how often have you felt that people
treated you poorly or made you feel inferior because of your race or ethnicity?” Response
options included “Never” to “Often.” A single item was used to measure neighborhood
crime. Participants were asked “how safe from crime do you consider your neighborhood to
be?” and responses ranged from not at all safe to extremely safe. All neighborhood variables
were treated as continuous.

Stress and Self-Efficacy

Stress and self-efficacy were measured using validated measures including the Perceived
Stress Scale (PSS)37 and the Perceived Diabetes Self-Management Scale (PDSMS).38 The
4-item PSS assesses perceived stress and is a well validated measure of stress (Cronbach’s
alpha [.69]).29 Scores for the PSS are created by summing responses and range from 0 to
16 with higher scores indicating higher stress. The PDSMS is a widely used and validated
measure (Cronbach’s alpha [.83]) of self-efficacy and includes 8-items that measure diabetes
specific self-efficacy.38 Example questions include “It is difficult for me to find effective
solutions for problems that occur with managing my diabetes.” Participants rate their
agreement on a scale from “1 Strongly Agree” to “5 Strongly Disagree.” A summary
score is created ranging from 8 to 40 with higher scores indicating more confidence in
self-management.38
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Self-Care Behaviors

The Summary of Diabetes Self-Care Activities Scale (SDSCA) was used to measure self-
care behaviors.?? The SDSCA assesses 6 self-care behaviors across 11 items that includes
general and specific diet, exercise, blood glucose monitoring, foot care, and smoking.
Example questions include asking participants “How many of the last 7 days have you
followed a healthful eating plan?” and “On how many of the last 7 days did you test

your blood sugar?” Scores are calculated for each individual item (diet, exercise, blood
glucose test, foot care, and smoking). Higher scores indicate higher performance of self-care
behaviors. This scale has been validated and demonstrated inter-item correlations (M = .47)
and moderate test-retest correlations (M = .40).40

Statistical Analysis

Descriptive statistics were used to describe the data, followed by investigation into
normality for each measure included in the path analysis. Demographics for the sample
were summarized using percentages for categorical and means and standard deviations

for continuous variables. Measures included in the path analyses were each treated as
continuous variables based on scoring specific to the validated scales and were summarized
in a separate table using means and standard deviation.

We found that the sample met all path analysis assumptions of normally distributed, linearly
related and at least interval scale measured variables for the analysis.*142 Normality was
examined using histograms and outlier analysis. Missing data was evaluated to ensure we
could assume missing at random. Variables were found to be normally distributed and no
variable had more than 2% missing data. Linearity and strength of relationship between
variables included in the path analysis was then investigated using Pearson’s correlation with
pairwise comparisons for all variables and reported. The sample size of 615 allowed for the
best practice of 20:1 (subject to variable) ratio that ensured we could maintain 80% power
while providing stability of parameter estimates.#2:43

Path analysis was used to investigate direct and indirect effects for the relationship between
neighborhood factors, stress, self-efficacy, self-care, and glycemic control. Path analysis
allows testing of a hypothesized model incorporating multiple independent and dependent
variables.#1-43 We used the sem command in Stata version 16 to estimate a path analysis
based on the hypothesized model (see Figure 1) following testing procedures as outlined by
Kline.41

Second, direct, indirect, and total effects were estimated using the maximum likelihood
estimation procedure and standardized coefficients. The mimv option in Stata was used

to retain as many variables as possible by allowing full-information maximum likelihood
estimation rather than using listwise deletion. Standardized coefficients were used to allow
comparison between paths regarding strength of the relationship and can be interpreted

as the change in standard deviation of the outcome resulting from 1 SD increase in the
predictor variable.

Third, a number of model fit statistics were investigated to determine the fit of the model,
following best practices of structured equation modeling as outlined by Kline and Hooper
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et al.#1:44 As noted by best practice guidelines, indication of good fit by 3 different fit
statistics, rather than significance of chi-square for the overall model is reccommended.4144
Cut points were based on published recommendations for structured equation modeling#1:44
and included root square mean error of approximation less than .05, comparative fit index
(CFI) greater than .9, and non-significant pclose value. Modification of the model was
constrained to allowing covariance between self-care variables.

Finally, hypotheses regarding relationships between variables in the model were evaluated
using the direction and strength of path coefficients. Standardized coefficients that were
statistically significant based on £ < .05 we reported in the final model. The magnitude of
the coefficient was used to investigate the strength of individual relationships within the
model, with direct, indirect, and total effects reported along with P-value. All analyses were
performed using Stata version 16.

Figure 1 shows the hypothesized pathways between specific neighborhood factors, stress,
self-efficacy, self-care behaviors, and glycemic control for patients with diabetes (Figure 1),
with paths shown using arrows and measured variables shown using boxes. Neighborhood
factors (violence, discrimination, and crime) were hypothesized as being directly and
indirectly related to stress, self-efficacy, self-care, and glycemic control. Stress and self-
efficacy were also hypothesized as being directly and indirectly associated with glycemic
control. Self-care was hypothesized as being directly related to glycemic control, with each
self-care behavior treated as a separate measured variable.

Table 1 provides sample demographics. The mean age was 61.3 years, with majority of
participants being non-Hispanic black (64.9%), men (61.6%), and insured (90.7%). Mean
duration of diabetes was 12.3 years. Table 2 provides descriptive statistics for all variables
included into the path analysis model, and Table 3 provides Pearson’s correlations between
all variables. Table 4 presents the standardized direct, indirect, and total effects for the
relationship between neighborhood factors psychosocial factors, self-care behaviors, and
glycemic control.

Figure 2 shows the final model of hypothesized pathways between specific neighborhood
factors, stress, self-efficacy, self-care behaviors, and glycemic control for patients with
diabetes with only significant direct paths indicated.

As shown in Figure 2, the overall model fit was good using accepted standards (chi2 [2]
=9.48, P<.009, RMSEA =.078, pclose .134, CF/=.99) indicating our hypothesized
relationships was supported by the data. Standardized estimates shown in Figure 2 can be
compared to understand the strength of each relationship compared to others in the model
with coefficients of a larger magnitude indicating greater strength. Based on direct effects in
the final model, violence (r = .17, P=.024), discrimination (r = .46, < .001), and crime

(r = .36, P=.046) were directly associated with higher perceived stress, with discrimination
being the strongest of those 3 relationships. Crime (r = -1.06, A< .001) and perceived
stress (r = -.5, P<.001) were directly associated with lower self-efficacy, with crime being
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the stronger of the relationships. Stress was directly associated with poorer general diet (r
=-.05, P=.031), poorer specific diet (r = -.07, =.001), less exercise (r = -.06, P=

.044), and less blood sugar testing (r = —.07, £=.046) with similar strength across self-care
variables. Self-efficacy was directly associated with better general diet (r = .12, £<.001),
better specific diet (r = .04, £< .001) and more exercise (r = .08, £<.001). Self-efficacy was
associated with lower HbAlc (r = -.11, < .001), while blood sugar testing was directly
associated with higher HbAlc (r = .09, A= .003). Significant indirect effects included
perceived stress indirectly associated with higher HbAlc (r = .05, £<.001), crime indirectly
associated with higher HbAlc (r = .20, < .001), and discrimination indirectly associated
with higher HbAlc (r = .08, £<.001).

Discussion

In a sample of adults with diabetes, we found significant direct relationships between
neighborhood factors (violence, discrimination, and crime) and increased stress. In addition,
we found significant direct relationships between crime and poor self-efficacy. Both stress
and self-efficacy were directly associated with multiple self-care variables, and self-efficacy
was directly associated with better glycemic control. Blood glucose monitoring was also
directly associated with better glycemic control. Based on significant direct and indirect
effects, this study suggests that neighborhood factors (particularly crime and discrimination)
are indirectly associated with poorer glycemic control through higher levels of perceived
stress, lower levels of self-efficacy, and completion of diabetes self-care behaviors.

While existing evidence shows the relationship across various neighborhood factors and
diabetes incidence and outcomes,5:17:18.45 these results provide novel insights into the
stress pathway through which specific neighborhood factors (specifically discrimination and
crime) appear to negatively influence diabetes outcomes, namely, glycemic control. Prior
work shows perceived discrimination impacts glycemic control directly through stress and
indirectly through stress via self-care behaviors?® among patients with diabetes. The current
path model highlights the role of crime, violence, and discrimination play on stress and the
indirect relationships of discrimination and crime on glycemic control through stress and
self-efficacy, providing important insight on possible targets for programs aimed to improve
outcomes for individuals with diabetes.

Specifically, programs aimed at addressing the potential impact of social determinants on
health factors such as neighborhood factors on glycemic control need to account for stress
and self-efficacy. These findings underscore the need to address diabetes from a more
holistic standpoint that accounts for the daily lived experiences of individuals with diabetes.
For example, awareness of the influence of stress resulting from where individuals live

as having a role in whether patients can effectively complete self-management behaviors
is needed. Although clinicians cannot directly change neighborhood factors, awareness of
the role of chronic stress and poor self-efficacy that results may guide recommendations
for care. For example, stress reduction interventions, empowerment strategies and social
support are potential solutions that can mitigate the impact of neighborhood factors on
health outcomes.
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Frameworks such as the chronic care model clearly indicate that health care does not occur
in a vacuum and recent work has shown that individual, community and health systems
factors are important drivers of diabetes outcomes.*6 Therefore, as diabetes care moves away
from traditional models of care, outward facing interventions using public health approaches
are greatly needed to address the role that neighborhood factors are playing on diabetes
management and outcomes. For example, a number of public sector and community-based
efforts have demonstrated that violence and crime can be reduced in communities by
improving connectivity,”48 developing and expanding green space across communities and
surrounding vacant lots,*”:48 and safe ride programs.*849 However, due to fragmentation and
isolation of interventions to address population wide disease burden such as diabetes, very
little has been done to effectively integrate community level efforts into diabetes intervention
development and to examine the feasibility and effect it may have on specific health
outcomes, namely diabetes.50 Leveraging the current findings within the context of the
existing body of evidence from public health prevention programs offers a new way forward
for conceptualizing prevention models for neighborhood factors and diabetes outcomes.
Development of outward facing interventions to address multiple levels of influence on
diabetes outcomes is an area where future work is needed. Given the complex pathways that
impact clinical outcomes and the intersection of individual, community, and health system
factors, multidisciplinary efforts that leverage expertise from clinical medicine, public health
and the social sciences are needed.

Though this study used novel methodology that allows investigation of direct and indirect
effects, there are limitations worth noting. First, though path analysis is appropriate to
investigate potential relationships and pathways, the data is cross-sectional and cannot

speak to causality. Reverse causation for some elements of the model is possible and

future investigation should further this work by using longitudinal data. Secondly, the time
frame for study variables varied based on the look-back period for the validated scales as
well as the timeframe for the Alc variable. Again, this limits our ability to evaluate for
causal relationships. Longitudinal studies with measures at set intervals would be needed

to address this limitation. Third, our discrimination measure was assessed at the individual
level, but treated as a neighborhood factor. This is appropriate because structural racism

and resulting residential segregation, which exert their influence at both the individual and
neighborhood levels are underlying drivers of discrimination. Fourth, path analysis can only
estimate pathways hypothesized in the model. As a result, variables not incorporated into the
hypothetical model, such as frequency of diabetes care and socioecological status may have
additional influence. Investigation of variables using latent structures is another possible
next step in understanding pathways for factors that measured variables may not completely
capture, such as self-management as a construct. Finally, this sample was collected from 2
primary care centers in the southeastern US and may not be generalizable to the entire US
population. Additional work is warranted to test similar relationships across multiple regions
and populations.
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So What?
What is already known on this topic?

Social determinants of health such as neighborhood factors impact diabetes self-care
behaviors and outcomes.

What does this article add?

The findings presented in this article add to this knowledge base by specifying violence,
discrimination, and crime as key factors that influence diabetes self-care and outcomes
directly and indirectly via stress and self-efficacy pathway.

What are the implications for health promotion practice or research?

Interventions aimed at mitigating stress and improving self-efficacy may improve self-
care behaviors and glycemic control. In addition, as diabetes care moves away from
traditional models of care, outward facing interventions using public health approaches
are greatly needed to address the role that neighborhood factors are playing on diabetes
management and outcomes.
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Figure 1.
Initial model indicating hypothesized pathways between neighborhood factors and glycemic

control.
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Final model showing significant pathways between neighborhood factors and glycemic

control.

Note: Standardized estimates indicated. Overall model fit: chi2(2)=9.48, p<0.009,

RMSEA=0.078, CFI=0.99, pclose=nonsignificant *=p<0.05, **=p<0.01, ***=p<0.001
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Table 1.

Sample Demographics (n = 615).

Variables Mean + SD or %
Age 61.3 +10.9
Diabetes duration 123+9.1
Education (years of school) 134+28
Employment
Employed 28.6
Disabled 271
Unemployed 10.3
Retired 34.0
Race
White 33.0
Black 64.9
Other 21
Gender
Women 38.4
Men 61.6
Marital status
Never married 11.2
Married 49.7
Separated/Divorced/Widow 39.1
Income
<$19,000 41.6
$20,000-$34,999 25.1
$35,000-$49,999 13.8
$50,000 or more 19.5
Insurance
None 9.3
Private 20.2
Medicare/Medicaid 34.9
VA 23.9
Other 11.7
Health status
Excellent/Very good 13.3
Good 38.2
Fair/Poor 48.5
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Table 2.

Descriptive Statistics for Measures Included in the Path Model.

Variables Mean Values + SD

Glycemic control (HbAlc) 7.9+1.8 (4.1-14)

Violence 5.1+1.9 (4-16)
Crime 2.1+.8(1-4)
Discrimination 4.7+ 1.7 (4-15)
Self-efficacy 28.2 + 5.4 (10-40)
Perceived stress 5.3+3.3(0-15)
Self-care
General diet 4.7+2.0(0-7)
Special diet 4.0+1.6 (0-7)
Exercise 26+2.2(0-7)
Blood sugar testing 4.6+2.5(0-7)
Foot care 43+25(0-7)

Range of values are in parenthesis.
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Table 4.

Standardized Direct, Indirect, and Total Effects for the Relationship between Neighborhood Factors, Stress,
Self-Efficacy, Self-care Behaviors, and Glycemic Control.

Variables Direct Effects  Indirect Effects Total Effects

Glycemic Control

—Self-efficacy -1 -.001 -1
—Perceived stress -.004 05 05"
—Violence .05 .002 .06
—Crime 08 207 297"
—>Discrimination -.02 08" .06
—General diet -.004 - -.004
—>Specific diet -.01 - -.01
—Exercise -.03 - -.03
—Blood sugar testing 097°* - .09™*
—Foot care .02 - .02
General diet
—>Self-efficacy 1277 - 127
—Perceived stress -05% -06™ 1277
—Violence -.02 -.02 -.04
—Crime -04 -2 -25%
—>Discrimination -.02 -1 -13%
Specific diet
—Self-efficacy 04 - 047
—Perceived stress —07™" -02** -.09™"*
—Violence -.002 -.01 -.02
—Crime -.04 -10% -14
—Discrimination -.05 -067"" 127
Exercise
—Self-efficacy 08 - 08"
—Perceived stress -06" -.047" -0
—Violence .07 -.02 .06
—Crime -.10 -.06 -.16
—Discrimination .09 —06™" .02

Blood sugar testing

— Self-efficacy .03 - .03
—>Perceived stress —07” -.01 -.08*
—Violence -.04 -.01 -.05
—Crime .06 =11 -.05
—Discrimination 04 —06" -.01
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Variables Direct Effects  Indirect Effects  Total Effects

Glycemic Control

Foot care
— Self-efficacy .03 - .03
—Perceived stress -.05 -.02 -.06
—Violence .06 -.01 .05
—Crime .07 -.01 .06
—Discrimination -.004 -.02 -.02
Self-efficacy
—>Perceived stress -507"* - -50***
—Violence .005 —09%* -.08
—Crime -1.06 -.26 -1.3277
—>Discrimination -.18 -38™" - 55"
Perceived stress
—Violence 17" - a7
—Crime 367 17" 537"
—Discrimination 46 08" 547
Violence
—Crime 10277 - .02
— Discrimination 19 1077 2977
Crime
—Discrimination 107 - 107

Significant direct effects indicate direct association between variables. For example, higher levels of self-efficacy are associated with higher
glycemic control. Significant indirect effects indicate pathways through which variables influence outcomes. For example, increased levels of crime
are associated with glycemic control through psychosocial factors and self-care behaviors.

*
P<.05,

*:

*
P<.01,

Aok

*
P<.001.
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