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Abstract

Aims—This study examined the mechanisms through which discrimination influences diabetes
self-care and glycemic control in patients with diabetes by using structured equation modeling.

Methods—615 patients were recruited from two adult primary care clinics in the southeastern
United States. Measures were based on a theoretical model and included perceived discrimination,
social support, social cohesion, and perceived stress. Structured equation modeling examined the
relationship with diabetes self-care and glycemic control.

Results—The final model (chi2(211)=328.82, p<0.0001, RZ = 0.99, RMSEA=0.03 and
CFI1=0.98) shows that higher stress is directly significantly related to a decreased self-care (r=
-0.59, p <0.001) and increased HbAlc (r=0.27, p<0.05). There was no significant direct
association between discrimination, social support or social cohesion, and glycemic control or
self-care. There was, however, a direct significant association between increased discrimination
(r=0.46, p<0.001), decreased social support (r= —0.34, p<0.001), increased social cohesion
(r=0.14, p<0.05) and increased stress.

Conclusions—These results support the hypothesized pathway of discrimination on health
outcomes, showing both a direct and indirect influence through stress on HbAlc in adults with
diabetes. Understanding the pathways through which discrimination influences diabetes outcomes
is important for providing more comprehensive and effective care. These results suggest future
interventions targeting patients with diabetes should take discrimination-induced stress into
account.
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1. Introduction

Diabetes is the 7 leading cause of death in the United States, affecting 29.1 million people,
or 9.3% of the population. [1] Individuals with diabetes are at an increased risk of blindness,
kidney failure, heart disease, stroke, and amputation, as well as, at a 50% higher risk of
death than those without diabetes. [1] In addition, medical expenditures of those with
diabetes are 2.3 times higher than those without diabetes, and totaled $245 billion in the
United States in 2012. [1]

Research indicates discrimination is an important possible risk factor for health outcomes,
including trajectory for chronic diseases such as diabetes. [2-4] Discrimination refers to
differential treatment of certain members of a society by either individuals or social
institutions. [3] Those experiencing discrimination are aware of the discriminatory behavior,
and their perception of this discrimination can generate stress. [3,5] While discrimination
research often focuses on racial/ethnic discrimination, studies have found perceptions of
non-race based discrimination similarly influences health; and in a study of patients with
diabetes, discrimination based on education level was shown most significant. [3,6] The
stress literature suggests the ability to manage new stressors is reduced by existing stressors.
[7] Therefore, given the high psychological and behavioral burden of diabetes, it is
important to understand how perceived discrimination relates to other stressors and/or
combines with them to influence outcomes in diabetes. [3-4].

Studies show a consistent inverse relationship between perceived discrimination and health,
including self-rated health, physical functioning, and hemoglobin Alc [2-4, 8-12] It has
been hypothesized that potential pathways for this relationship include psychological and
physiological stress responses, and health behaviors. [2, 4-5, 13] For example, Chen and
Yang found that an indirect association between discrimination and health status existed
through health behaviors (physical activity, sleep quality, fruit and vegetable intake, and
smoking intensity) and the presence of chronic disease. [14] In patients with diabetes, it has
been suggested that discrimination leads to unhealthy behaviors, such as increased screen
time, cigarette smoking, alcohol use, drug use, and lack of seeking preventative services
such as Alc testing or eye exams for diabetes. [3-4, 15-18] My physiologically based
hypothesis suggest that stress can accelerate cellular aging, and the experience of chronic
stress can lead to dysregulation in multiple biological systems, creating premature illness
and increasing risk of mortality. [3-4, 19] In addition, acute experiences of stress can lead to
cardiovascular reactivity, as seen by increased in blood pressure, and increased stress
hormones are related to blood glucose levels. [3, 20]

Little research has been done to fully understand the pathway through which discrimination
influences outcomes in adults with type 2 diabetes. While theoretical pathways exist, these
mechanisms have not been extensively tested through either cross-sectional or interventional
work. The aim of this paper is to understand the mechanisms through which discrimination
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influences diabetes self-care and glycemic control in patients with diabetes by using
structured equation modeling to test theoretical pathways.

2. Methods
2.1 Sample

Following institutional review board approval, 615 patients were recruited from two adult
primary care clinics in the southeastern United States. Eligibility included ages 18 years or
older, diagnosis of type 2 diabetes in their medical record, and ability to communicate in
English. Patients were ineligible if through interaction or chart documentation they were
determined to be cognitively impaired as a result of significant dementia or active psychosis.
Patients who expressed interest after receiving letters of invitation or being approached in
the clinic waiting room were provided a detailed explanation of the study and consented.
Participants completed validated questionnaires that captured social determinants of health
factors along with demographic and self-care information. Most recent HbAlc was
abstracted from the medical record to serve as diabetes outcome measure. Validated
questionnaires were included based on a modified version of the conceptual framework by
Brown et al. relating social determinant of health factors to diabetes processes and outcomes
[21].

Measures included in this analysis were based on the theoretical model described by Pascoe
and Richman for the pathways by which perceived discrimination influence health
outcomes. [4] As hypothesized based on a meta-analysis of available research on
discrimination influences on health outcomes, Pascoe and Richman suggested a direct
pathway connecting perceived discrimination with mental and physical health, as well as
indirect pathways through both stress, and health behaviors. [4] They further hypothesized
that positive influences such as social support, stigma identification, and coping style could
influence these indirect pathways. [4]

2.2 Demographic Information

Previously validated items from the 2002 National Health Interview Survey were used to
capture age, race, gender, marital status, number of hours worked, household income, years
of education and employment status. [22]

2.3 Perceived Discrimination

Perceived discrimination was measured using questions from the Diabetes Study of Northern
California (DISTANCE) survey: a 4-question measure where patients reported how often in
the past 12 months they were made to feel inferior because of their race/ethnicity, education
level, gender, and language. [23]. Response options were never, sometimes, usually, and
often.

2.4 Social Support

Social Support was measured with the Medical Outcomes Study (MOS) Social Support
Survey: a 19-item scale measuring tangible support, affection, positive social interaction,
and emotional or informational support. [24] The total scale (a = 0.97) has high internal
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consistency, good criterion and discriminant validity, and one-year test-retest reliability
(0.72-0.76). [24]

2.5 Social Cohesion

Social Cohesion was measured using the 5-item Sampson Scale. The scale measures the
patient’s ability to trust and relate to individuals in their neighborhood. Answer choices
range from 1 — strongly agree to 5- strongly disagree [25].

2.6 Perceived Stress

Stress was measured with the Perceived Stress Scale (PSS); a 4-item scale that assesses the
frequency with which the patient finds situations stressful during the previous month [26].
The Cronbach alpha value is 0.69 and scores are highly correlated with stress, depression
and anxiety. [27]

2.7 Diabetes Self-care

Medication Adherence was measured with the Morisky Medication Adherence Scale
(MMAS); an 8-item scale with higher values signifying greater adherence [28].

Diabetes behavior was measured with the Summary of Diabetes Self-Care Activities
(SDSCA) scale; an 11-item scale measuring frequency of self-care activity in the last 7 days
for general diet (followed a healthy diet), specific diet (ate fruits/vegetables), exercise, blood
glucose testing, and foot care [29].

2.8 Glycemic Control

Glycemic control was measured by extracting Hemoglobin A1C (HbA1c) from patients’
medical records. The most recent HbA1C value within the past six months was used.

2.9 Statistical Analysis

The sample size of 615 adults provides the recommended 20:1 ratio of subjects to variables
needed to maintain 80% power, given the number of variables included in the model [30,31].
With a sample size of 615, parameter estimates and standard errors can be estimated without
over-saturating the model [30,31].

All analyses were conducted using Stata version 13. First, we performed descriptive
statistics to ensure normality and linearity. Analyses used the maximum likelihood
estimation procedure with ‘mlmv option’ so variables were retained rather than using
listwise deletion. A series of confirmatory factor analysis (CFA) models were estimated
prior to conducting structured equation modeling (SEM), as is recommended by best
practices. [31,32] For CFA, alpha statistic and factor analysis using principal component
factor analysis were used to examine loading, along with goodness of fit statistics. For SEM,
all analyses were conducted using standardized estimates, which can be interpreted as the
change in standard deviation of the outcome due to one standard deviation increase in the
predictor. Since the chi2 statistic is sensitive to sample size, we evaluated the direction and
magnitude of path coefficients, along with multiple fit statistics, including root mean square
error of approximation (RSMEA) and comparative fit index (CFl). [33] Lower RSMEA
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values indicate better fit, with 0.05 indicating good fit, and 0.08 indicating reasonable fit.
[33] Higher CFI indicates good fit, with 1 indicating perfect fit, 0.9 indicating adequate fit,
and 0.8 indicating marginal fit. [33]

3.0 Results

Demographic characteristics are shown in Table 1. The mean age was 61, with the majority
being males (61.6%) and non-Hispanic Black (64.9%). Mean duration of diabetes was 12.2
years, 49.7% were married, and 20.2% earned less than $10,000 annually.

Descriptive information for variables included in latent variables are presented in Table 2.
Correlations among the study variables is shown in Table 3.

3.1 Latent variable for perceived discrimination

CFA was used to measure properties of a latent variable for perceived discrimination using
four variables: race discrimination, education discrimination, language discrimination, and
gender discrimination. The alpha statistic for the four variables was 0.84. The variables
loaded onto one factor explaining 70% of the variance with factor loadings ranging from
0.74 to 0.87. The fit of the final model was satisfactory chi2(2)=7.97, p/=0.02; RMSEA=0.07
and CFI=0.99. Standardized loadings ranged from 0.66 to 0.84, and all four measures had
significant loading at the £ <0.001 level.

3.2 Latent variables for social support

CFA was used to measure properties of a latent variable for social support using three items
from the MOS Social Support Survey: Someone to have a good time with, someone to get
together with for relaxation, someone to do something enjoyable with. The alpha statistic for
social support was 0.97. The variables loaded onto one factor explaining 95% of the variance
with factor loading ranging from 0.97 to 0.99. The final model was just fit. Standardized
loadings ranged from 0.94 to 0.97, and all three measures of social support had significant
loading at the p <0.001 level.

3.3 Latent variables for social cohesion

CFA was used to measure the properties of a latent variable for social cohesion using the
five items from the Sampson scale. The alpha statistic for social cohesion was 0.73. One
factor explained 50% of the variance with factor loading ranging from 0.53 to 0.83. The final
model fit well chi2(3)=5.50, p=0.14; RMSEA=0.04 and CFI1=0.99. Standardized loadings
ranged from 0.32 to 0.88, and all five measures of social cohesion had significant loading at
the p <0.001 level.

3.4 Latent variables for perceived stress

CFA was used to measure the properties of a latent variable for perceived stress using the
four items within the perceived stress scale. The alpha statistic for perceived stress was 0.65.
One factor explained 50% of the variance with factor loading ranging from 0.59 to 0.75. The
final model was just fit. Standardized loadings ranged from 0.15 to 0.82, and all four
measures of perceived stress had significant loading that is significant at the p<0.001 level.
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3.5 Latent variables for diabetes self-care

CFA was used to measure the properties of a latent variable for diabetes self-care using six
items: general diet, specific diet, exercise, blood glucose testing, foot care, and medication
adherence. The alpha statistic for diabetes self-care was 0.61. The variables loaded onto one
factor explaining 35% of the variance with factor loading ranging from 0.47 to 0.70. The fit
of the final model was satisfactory chi2(8)=9.94, p=0.27; RMSEA=0.02 and CFI=0.99.
Standardized loadings ranged from 0.33 to 0.54, and all six measures of diabetes self-care
had significant loading at the p <0.001 level.

3.6 Structural model

The final model is shown in Figure 1, with direct, indirect and total effects presented in
Table 4. The final model (chi2(211) = 328.82, p<0.0001, R? = 0.99, RMSEA=0.03 and
CF1=0.98) shows that higher stress is directly significantly related to a decreased self-care
(r=-0.59, p <0.001) and increased HbAlc (r= 0.27, p<0.05). There was no significant direct
association between discrimination, social support or social cohesion, and glycemic control
or self-care. There was, however, an indirect association between increased discrimination
(r=0.17, p<0.01), decreased social support (r= —0.15, p<0.001), and increased social
cohesion (r=0.07, p<0.05) and increased glycemic control. There was direct significant
association between increased discrimination (r=0.46, p<0.001), decreased social support
(r=-0.34, p<0.001), increased social cohesion (r=0.14, p<0.05) and increased stress.

Therefore, based on Figure 1 and Table 4, an increase in perceived discrimination was
associated with an increase of perceived stress. Perceived stress had both a direct and
indirect association with HbAlc. The positive direct association with HbAlc, indicates that
with increased stress there was an increase in HbAlc (worse glycemic control). The negative
indirect association between stress and HbAlc indicates that increased stress was associated
with poorer self-care practices; and a poorer self-care practices were associated with an
increase in HbAlc (worse glycemic control). No direct pathway between discrimination and
self-care or glycemic control existed.

4.0 DISCUSSION

4.1 Discussion

Using structured equation modeling, we tested a set of hypothesized pathways through
which discrimination influences self-care and health outcomes in adults with diabetes. Based
on this study, increased discrimination is associated with increased stress, and increased
stress is associated with decreased self-care, and increased HbA1c (poorer glycemic
control). The validated questionnaire used measured four forms of discrimination: race/
ethnicity, education level, gender, and language, providing information on pathways relevant
for a multifactorial measure of discrimination and broadening the utility of the findings. This
study partially validates hypothesized pathways through which discrimination influences
disease progression, supporting a direct pathway to stress, and both a direct pathway
between stress and glycemic control, and an indirect pathway through stress and self-care.
Our findings do not fully support the Pascoe and Richman’s hypothesized model for patients
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with diabetes, which suggested a direct pathway between discrimination and health
behaviors and health outcomes themselves. [4]

This study adds to the literature by elucidating the mechanism by which experiences of
discrimination impact diabetes outcomes, namely through a stress pathway. Understanding
this influence on the progression of a chronic disease, especially in illnesses previously
linked to a biological stress response in the neuroendocrine and cardiovascular systems is
important for providing more comprehensive and effective care. [2-4] These results partially
validate previously hypothesized pathways, supporting the hypothesized stress pathway, but
not supporting a direct pathway between discrimination and health outcomes in patients with
diabetes. Further, results illuminate both a direct and indirect influence of stress on glycemic
control in adults with diabetes, with an indirect influence through self-care. Additionally,
this study offers insight into the potential protective factors of social support and social
cohesion that may guard against the deleterious effects of discrimination on diabetes
outcomes. The literature on the stress buffering hypothesis, namely as it relates to
discrimination, suggests that social support may serve to moderate and protect against the
impact of discrimination on mental health, such as depression, however very little has been
done to examine how these factors protect against the impact of discrimination induced
stress on diabetes outcomes. [4] The results of this study suggest social support has a strong
inverse relationship with stress, and could serve as a focus of healthcare system interventions
to address the influence of discrimination-induced stress on diabetes outcomes. Social
cohesion, however, did not show this inverse relationship, and may have additional factors
that must be taken into account when considering social cohesion at a neighborhood level.

Unlike results reported by Chen and Yang, there was no direct association between
discrimination and health behaviors, instead this study found an indirect association through
stress. [14] The conceptual model used by Chen and Yang did not include stress as a
possible variable, which may explain the different results. This study offers more specific
mechanism information for patients with diabetes, suggesting the importance of stress as
part of the pathway between discrimination and self-care. Stressors occurring throughout an
individual’s life and impacting multiple areas of their life lead to more disruption and in turn
have greater consequence on health. [3] Given the psychological and behavioral stressors
attached to diagnosis and management of diabetes, these reoccurring stressors may
compound discrimination-induced stress experienced by adults with diabetes.

Some limitations of this study are worth mentioning. First, this study was conducted in the
southeastern U.S., and as such is not generalizable to the entire U.S. population. While there
is no reason to suspect different pathways exist regionally, it is important to conduct similar
studies in other regions to understand if there are regional differences in the importance of
direct and indirect pathways. Secondly, research has shown severe events are better recalled
than less severe events, so assessment of discrimination may not reflect all experiences and
may underestimate the influence. [3] Finally, this study used cross-sectional data, which
limits discussion of causation. Future studies should investigate longitudinal data to further
elucidate this pathway, and stratify by factors such as gender, race, and income to understand
whether dimensions of stress differ by demographic factors.
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4.2 Practice Implications

These results suggest future interventions targeting patients with diabetes should take
discrimination-induced stress into account. Research shows that stress management training
helps to improve glycemic control, specifically through providing training on: 1) progressive
muscle relaxation, 2) the use of cognitive and behavioral skills to recognize and reduce
stress levels, and 3) education on the negative effects of stress. [37] Interventions involving
patient empowerment also effectively address psychosocial components of living with
diabetes such as stress and patient empowerment, and show improvement in blood glucose.
[38] Similarly, resiliency training encourages the individual to take control of their well-
being through coping and reintegration from adversity and stressors by drawing on one’s
inherent resilience. [39-41] Taking discrimination-induced stress into account in
development of diabetes education programs through previously used techniques, and
incorporating social support into programs, may help patients with diabetes manage the
multiple levels of stress in their lives, and result in better self-care and outcomes.

4.3 Conclusion

In conclusion, using structured equation modeling this study found increased discrimination
is associated with increased stress, and increased stress is associated with decreased self-
care, and increased HbA1C. These results partially validate previously hypothesized
pathways and provide insight on the mechanisms through which discrimination influences
health outcomes in patients with diabetes. Based on these results, diabetes education
programs can provide more comprehensive support by including information on how to
reduce stress through techniques such as increasing patient empowerment, social support,
and resiliency.
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Figure 1.
SEM Model of Influence of Discrimination on Glycemic Control

Note: Coefficients are standardized path coefficients.
Overall model fit Chi2 (211)=328.82, p<0.001; R2=0.99, RMSEA=0.036, CF1=0.984)
8 p=0.07, *p<0.05, **p<0.01, ***p<0.001
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Sample Demographic Characteristics (n=615)

% or meanz standard
deviation

Age
Diabetes Duration
Education

Employment Hours

Race
White
Black
Other

Site
MUSC
VA

Gender
Women
Men

Marital Status
Never married
Married
Separated/Divorced
Widowed

Income
<$10,000
$10,000-$14,999
$15,000-$19,999
$20,000-$24,999
$25,000-$34,999
$35,000-$49,999
$50,000-$74,999
$75,000 or more

Charlson Comorbidity Score

61.3+10.9
12.349.1
13.4+2.8
12.4+19
25.7%2.2

33.0
64.9
21

51.2
48.8

38.4
61.3

11.2
49.7
28.2
10.9

20.2
11.9
10.1
10.4
14.7
13.8
10.1
9.4
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Descriptive Characteristics of Structural Equation Model Factors

Meansz standard

Measures deviation
Alc 7.9+1.8
Discrimination
Race 1.3+0.6
Education 1.2+0.5
Language 1.1+0.4
Gender 1.1+0.4
Self-Care
General Diet 4.7+2.0
Special Diet 4.0£1.6
Exercise 2.6£2.2
Blood sugar testing 4.6+2.5
Footcare 43+25
Medication adherence 5.9£2.0
Social Support
MOS-16 4.0+1.2
MOS-17 4.0£1.3
MOS-18 4.0£1.3
Serious Psychological Distress
SPD-1 1.2+¢1.1
SPD-2 1.4+1.3
SPD-3 15+1.1
SPD-4 1.3+x1.2
Social Cohesion
SOCIALCOH-1 2.6x1.0
SOCIALCOH-2 2.3+0.9
SOCIALCOH-3 2.3£1.0
SOCIALCOH-4 2.5+0.9
SOCIALCOH-5 2.8£1.0
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Table 4.

Standardized Direct, Indirect, and Total Effects for Relationship of Discrimination on Glycemic Control
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Direct Indirect Total
Effects Effects Effects
Glycemic Control
—Self-care _018% - _0187
—>Stress 027% 0107 037"
—Discrimination -0.01 017 0.16
—Social Support 0.08 —0.157***  -0.07
—Cohesion 0.03 0.07 0.10
Self-care
—Stress -0.59"* -0.59""*
—Discrimination 0.01 —027¥* _—0.26%
—Social support 0.10 020 030
—Cohesion -0.13 -0.08 * -0.21 *
Stress
—Discrimination g 46*** - 0.46 "
—Social support  _g g4 *** - —0.34™*
—Cohesion 0.14 * - 0.14 **
4=0.07
p<0.05
B
p<0.01
Ak A
p<0.001
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