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ABSTRACT

Background: This study examines how multiple social risk factors influence cardiovascular disease (CVD) risk
control over time in older adults with prediabetes using a nationally representative cohort.

Methods: Data from the Health and Retirement Study (HRS) included 5,086 U.S. adults aged 50+ with
prediabetes. Five social risk domains (economic stability, environment, education, healthcare, and social
context) were examined as independent variables, while CVD risk factors included glycemic control (HbAlc),
systolic blood pressure (SBP), and cholesterol ratio (total cholesterol/high-density lipoprotein). Mixed-effects
models assessed relationships between social risk factors and CVD outcomes, adjusting for age, gender, race,
and marital status.

Results: The sample had an average age of 68.6 years, with 60.2% female, and 70.97% identifying as non-
Hispanic Black. Average HbAlc was 5.7, SBP 129.4, and cholesterol ratio 3.85. Limited education was
consistently associated with increased CVD risk—HbA1c (B = 0.03, 95% Cl: 0.01-0.06, p < 0.001), SBP (B = 4.34,
95% Cl: 2.96-5.71, p < 0.001), and cholesterol ratio (B = 0.08, 95% Cl: 0.01-0.16, p < 0.05) —in the fully adjusted
model. Medication cost-related non-adherence was significantly associated with higher HbA1c levels (B = 0.03,
95% Cl: 0.002-0.06, p < 0.05). Difficulty paying bills and lack of health insurance were both significantly
associated with higher cholesterol levels (B = 0.03, 95% Cl: 0.002-0.06, p < 0.05) and (B = 0.22, 95% CI: 0.15-
0.30, p < 0.001), respectively.

Conclusions: Social risk factors, particularly limited education, significantly impact CVD risk in older adults with
prediabetes.

INTRODUCTION only a precursor to type 2 diabetes but also increases
the risk of cardiovascular disease [2, 3]. Cardiovascular

Prediabetes affects approximately 38%, or 97.6 million disease (CVD) risk factors include high blood pressure,

adults aged 18 or older in the United States [1]. Risk
for prediabetes increases with age as an estimated 48%
of adults aged 65 and older currently live with
prediabetes [1]. Characterized by elevated blood
glucose levels that fall short of diabetes criteria
(HbA1c ranging from 5.7% to 6.4%), prediabetes is not

unhealthy blood cholesterol levels, diabetes mellitus,
obesity and smoking [4]. The relationship between
prediabetes and CVD risk factors has been well
studied, with evidence showing that effective
management of these risk factors can significantly
mitigate the adverse health outcomes associated with
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prediabetes and avoid major cardiovascular events
[5-8]. However, what is less known is the role that
multiple co-occurring social risk factors have in
increasing the risk for cardiovascular disease over time
among people with prediabetes, particularly for older
adults.

Social risk factors, the adverse social conditions that
occur within the domains of social determinants of
health, are often a function of structural factors and
distribution of resources [9]. These include food
insecurity, housing instability, limited access to health
services and education, as well as social isolation and
exposure to violence [9]. Exposure to social risk factors
confer significant risk for prediabetes and cardiovascular
disease [10, 11]. Specifically, food insecurity has been
shown to increase odds of prediabetes by 35% compared
to those who are food secure [12]. In addition, exposure
to violence and poverty significantly impacts endocrine
markers and metabolic health in adolescents, leading to
higher rates of prediabetes in adulthood [13]. A review
of the evidence for the role of social risk factors
in developing CVD found that across social risk
factors, social isolation, neighborhood deprivation,
discrimination, and violence each increased risk for
CVD [14].

While previous studies have explored the individual
impact of social risk factors on prediabetes and CVD
risk, little has been done to examine the role of multiple
social risk factors on CVD risk among individuals
living with prediabetes, particularly considering this
relationship over time. Moreover, as older adults
represent a high-risk population, understanding the
relationship between multiple social risk factors on
CVD risk among this group is critical. This study
examines the association of multiple social risk factors
with CVD risk control over time among older adults
with prediabetes using a nationally representative
cohort. We hypothesize that each social risk domain
independently and collectively contributes to poor
control of cardiovascular disease (CVD) risk factors
over time, even after adjusting for relevant covariates.

MATERIALS AND METHODS
Dataset

The Health and Retirement Study (HRS, 2024) is a
longitudinal panel study initiated in 1992 by the
University of Michigan’s Institute for Social Research.
It surveys a representative sample of over 20,000
Americans aged 50 and older every two years, focusing
on the multifaceted aspects of aging [15]. The HRS
collects comprehensive data on health status, chronic
conditions (such as diabetes and prediabetes),

healthcare utilization, employment, and wealth, as well
as physical measures and genetic markers. Prediabetes
information is captured through self-reported measures
and biomarkers, including blood glucose levels and
hemoglobin Alc.

Study population

The study population was drawn from HRS core
interviews conducted from 2006 to 2016. The study
included individuals aged 50 or older who also
participated in the HRS biomarker project. Participants
were eligible if they had no prior diagnosis of diabetes,
and their glycemic control (HbA1c) levels were greater
or equal to 5.7% and lower than 6.5%. Interviews were
conducted in two groups with three collection points for
each: group 1 was assessed in 2006, 2010, and 2014,
and group 2 was assessed in 2008, 2012, and 2016. Data
was compiled from both groups to create a single
sample of adults with multiple time points of data
collection. Among 11,573 older adults who participated
in the Health and Retirement Study (HRS) and the HRS
biomarker project, 5,086 had prediabetes and were
included in all analyses.

Variables

Primary independent variables

The study examined five social risk domains outlined
by the Kaiser Family Foundation social determinants
framework as primary independent variables based on
variables available in the dataset: economic stability,
neighborhood or built environment, education access,
health care access, and social or community context
[16, 17].

»  Economic Stability: Assessed using four questions:
difficulty paying bills, skipping medications due to
cost, being in the lowest quartile for income or
assets, and employment adversity.

o Difficulty paying bills was determined from the
question: “How difficult is it for (you/your
family) to meet monthly payments on (you/your
family’s) bills?”. If the response was “not at all”
or “not very difficult”, it was coded as no
difficulty paying bills; otherwise, it was coded
as having difficulty paying bills.

o Medication cost-related nonadherence was
assessed using the question: “Have you ever
taken less medication because of cost?” If
the answer was “yes,” it was coded as yes
for medication cost-related nonadherence;
otherwise, it was coded as no medication cost-
related nonadherence.
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o Lowest quartile for income or assets was
determined by summing responses to total assets
and average household income. This sum was
divided into four quartiles, and individuals in the
lowest quartile were coded as “yes”; otherwise,
they were coded as “no”.

o Employment adversity was identified based on
the question: “What is your current job status?”
Respondents who answered “unemployed and
looking for work,” “temporarily laid off,” or
“disabled” were coded as “yes” for employment
adversity; otherwise, they were coded as “no”.

Neighborhood or Built Environment: Evaluated
using four variables: food insecurity, neighborhood
physical disorder, lack of neighborhood social
cohesion, and adverse social support.

o Food insecurity was assessed using two
questions: “Have you always had enough
money to buy the food you need?” and “Did
you ever eat less than you felt you should
because there wasn’t enough money to buy
food?” Respondents who answered “no” to the
first question or “yes” to the second question
were coded as experiencing food insecurity.

o Neighborhood physical disorder was measured
using four survey items assessing vandalism
and graffiti, safety when walking alone at night,
cleanliness, and the presence of vacant
properties. Each item was rated on a 1 to 7
scale, where lower values indicated better
neighborhood conditions and higher values
indicated worse conditions. A neighborhood
disorder score was calculated as the meaning of
these responses. If the score was 4 or higher,
the respondent was classified as experiencing
neighborhood physical disorder; otherwise,
they were classified as not experiencing
neighborhood physical disorder.

o Neighborhood social cohesion was assessed
using four survey items evaluating feelings of
belonging, trust in neighbors, friendliness, and
neighborhood  support. Responses  were
recorded on a 1 to 7 scale, where lower values
indicated stronger cohesion. To standardize
interpretation, the social cohesion score was
reverse-coded by subtracting the mean response
from 8, so that higher values represented
stronger cohesion. The score was calculated
only for respondents who answered at least two
of the four items. Those with scores between 0
and 4 were classified as experiencing low

social cohesion, while those with scores above
4 were classified as having strong social
cohesion.

o Adverse social support was measured based
on both positive and negative support from
spouses/partners,  children, other family
members, and friends. Positive support was
assessed through questions about feeling
understood, reliability, and communication
openness, while negative support included
excessive demands, criticism, disappointment,
and annoyance. A positive support score was
computed as the average of three relevant
responses, and a negative support score was
computed using four relevant responses. Both
scores were reverse-coded to ensure higher
values indicated stronger positive support and
weaker negative support. A final social support
score was calculated by combining positive and
negative support measures. Respondents with a
score below 3 were classified as having adverse
social support, while those with a score of 3 or
higher were classified as having sufficient
social support.

Education  Access: Determined based on
respondents’ highest level of education. Those
without a high school diploma were categorized as
having low education access.

Health Care Access: Assessed based on whether
respondents lacked health insurance. This was
determined using four questions about coverage
through employment insurance, government
insurance, other private insurance, or long-term
care insurance. If respondents answered “yes” to
any of these coverage options, they were classified
as having health care access; otherwise, they were
classified as lacking health care access.

Social or Community Context: Assessed using two
indicators: depression and perceived everyday
discrimination.

o Depression was identified using the CES-D
score, where respondents with a score of 4 or
higher were classified as experiencing
depression, while those with scores between 0
and 3 were classified as not experiencing
depression [17].

o Everyday discrimination was measured using
six survey items that captured experiences of
being treated with less respect, receiving poorer
service, being perceived as unintelligent,
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causing fear in others, being harassed or
threatened, and receiving worse treatment
in healthcare settings. Each item was rated on
a 1 to 6 scale, where lower values indicated
more frequent discrimination and higher
values indicated rare or no experiences of
discrimination. The discrimination score was
calculated only for respondents who answered
at least three of the six items. To standardize
interpretation, the score was reverse-coded by
subtracting the mean response from 7, ensuring
that higher values indicated more frequent
discrimination. Respondents with scores of 2 or
higher were classified as experiencing frequent
discrimination, while those with scores below 2
were classified as not experiencing frequent
discrimination.

Each social risk domain was coded as a binary variable,
with responses categorized as either “yes” (exposed to
risk) or “no” (not exposed to risk). For domains where
more than one indicator was incorporated, exposure to
any of the indicators was considered exposed to risk.

Covariates

We adjusted for several covariates in the analysis that
are well-established confounders in the relationship
between social risk factors and CVD risk. The
covariates included both demographic factors and
comorbidities. The demographic factors included age
groups (5059, 60-74, and 75+ years), sex (male or
female), race/ethnicity (Non-Hispanic Black, Non-
Hispanic White, Other), and marital status (married or
not). These factors are known to influence both social
conditions and cardiovascular health outcomes. For
example, age and gender are independently associated
with CVD risk, while race and marital status can shape
social exposure and access to care. The comorbidities
included were high blood pressure, cancer (excluding
skin cancer), lung disease, heart disease, stroke,
emotional or psychiatric problems, and arthritis, to
assess their potential confounding impact. Heart disease
was identified through four questions about doctor
diagnoses, heart attacks, chest pain, and congestive
heart failure. Each comorbidity was treated as a separate
variable in the models. These variables were considered
based on previous literature indicating their relevance to
both social risk and CVD progression.

Primary outcomes

Three continuous primary outcomes were assessed:
Hemoglobin Alc (HbAlc), systolic blood pressure
(SBP), and cholesterol ratio [17]. HbAlc was measured
using NHANES-equivalent data from the HRS

Biomarker file. Systolic blood pressure was represented
by a value calculated from three measurements for each
individual. When only one value was available, it was
used; when multiple values were present, the average
was calculated. The cholesterol ratio was calculated by
dividing total cholesterol by high-density lipoprotein
(HDL) cholesterol, using NHANES-equivalent data
from the Biomarker file.

Statistical analysis

Descriptive statistics for participant characteristics were
summarized as means and standard deviations for
continuous variables, and as counts and percentages for
categorical variables, for individuals with prediabetes
[15]. We employed mixed-effects linear models to
estimate the effects of social risk factors on glycemic
control, systolic blood pressure, and the cholesterol ratio
(total cholesterol to high-density lipoprotein) [18]. In the
mixed-effects models, participant-specific random
effects accounted for repeated measures across time,
with the unique participant ID serving as the random
intercept. Time was represented by the survey wave to
capture longitudinal trends. While more complex models
incorporating random slopes or time-varying interactions
may capture individual-specific trajectories or evolving
social risk effects over time, our primary objective was
to estimate population-averaged associations between
social risk domains and outcomes across the study
period. Thus, we opted for a parsimonious modeling
strategy focused on main effects, which balances
interpretability with power and model stability. Potential
interactions between social risk factors were not
included in the current analysis due to limited power to
detect higher-order interactions and concerns regarding
multicollinearity among domains. Each outcome was
treated as a separate set of models with seven models
running for each. First, five separate models were run
with the five social risk domains individually added.
Second, a model was run with all five social risk
domains added together. Finally, a model was run with
all five social risk domains and covariates. To account
for the complex survey design and ensure
generalizability to the U.S. population, all analyses
incorporated sampling weights provided by the Health
and Retirement Study [15]. Model performance was
evaluated using appropriate goodness-of-fit measures,
with statistical significance set at a p-value of less than
0.05. All statistical analyses were performed using Stata
software, version 16.0 [19].

RESULTS
Table 1 summarizes the sample characteristics. The

average age of participants was 68.6 years (SD =
10.3). Among them, 2,026 (39.8%) were male, and
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Table 1. Sample characteristics of older adults with prediabetes in the health

and retirement study, January 2006 to December 2016 (n=5,086).

No. (%)

Age, year, mean (SD)
50-59
60-74
>75
Sex
Male
Female
Race and ethnicity
Non-Hispanic Black
Non-Hispanic White
Other
Married or living with a partner
Comorbidities
High blood pressure
Cancer
Lung disease
Heart disease
Stroke
Emotional or psychiatric problems
Arthritis
Economic stability
Medication cost-related nonadherence
Difficulty paying bills
Lowest quartile income or assets
Employment adversity
Neighborhood or built environment
Food insecurity
Neighborhood physical disorder
Lack of neighborhood social cohesion
Adverse social support
Education access
Limited education
Health care access
Has Health insurance
Social or community context
Depression
Perceived everyday discrimination
Outcomes
Blood hemoglobin (HbAlc), Mean (SD)
Systolic blood pressure (SBP), Mean (SD)
Cholesterol ratio, Mean (SD)

68.63 (10.27)
1685 (33.13)
2806 (55.17)
1851 (36.39)

2026 (39.83)
3060 (60.17)

3609 (70.97)
814 (16.01)
662 (13.02)
3500 (68.82)

3071 (60.41)
892 (17.55)
631 (12.41)
1370 (26.95)
344 (6.76)
917 (18.03)
3238 (63.69)

690 (13.57)
1960 (38.54)
1206 (23.71)
687 (13.51)

320 (6.29)
1284 (25.25)
1249 (24.56)
1577 (31.01)

814 (16.00)

4599 (90.42)

882 (17.34)
1583 (31.12)

5.78 (0.35)
129.41 (19.46)
3.85(1.15)
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3,060 (60.2%) were female. The majority of the
cohort, 70.97%, identified as non-Hispanic Black. A
total of 3,500 (68.8%) participants were married or
living with a partner. The average hemoglobin Alc
was 5.78 (SD = 0.35), the mean systolic blood
pressure was 129.4 (SD = 19.5), and the average
cholesterol ratio was 3.85 (SD = 1.15).

Figures 1-3 present the beta coefficients and 95%
confidence intervals from fully adjusted mixed-effects
linear regression models examining the association
between social risk domains and three cardiometabolic
outcomes: glycemic control (Figure 1), systolic blood
pressure (Figure 2), and total cholesterol to HD ratio
(Figure 3). Furthermore, the appendix (Supplementary
Tables 1-3) show the results of the three sets of mixed-
effects linear regression models: the unadjusted model
for each social risk domains, the adjusted model
including all five social risk domains, and the fully
adjusted model includes all five social risk domains and

additional covariates. In Figure 1, the results highlight
significant associations between social risk domains,
demographic characteristics, clinical covariates, and
HbAlc. Within the Economic Stability domain,
medication nonadherence due to cost was associated with
a small but significant increase in HbAlc across all
models (B = 0.03, 95% CI: 0.002-0.06, p < 0.05 in the
fully adjusted model). Within the Education domain, low
education was significantly associated with higher
HbAlc, even after adjusting for covariates in the fully
adjusted model (B = 0.03, 95% CI: 0.01-0.06, p < 0.001).

Figure 2 shows the associations between social
risk domains, demographic characteristics, clinical
covariates, and systolic blood pressure (SBP). Low
education was significantly associated with higher SBP
across all models: unadjusted model (B = 4.85, 95% CI:
3.50-6.20, p < 0.001), adjusted model (B = 5.03, 95%
CI: 3.64-6.42, p < 0.001), and fully adjusted model (B =
4.34,95% CI: 2.96-5.71, p < 0.001).
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Figure 1. Fully adjusted mixed effects linear regression for relationship between social risk factors and glycemic control.

* p-value <0.05; **p-value <0.01; *** p-value <0.001.
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Figure 3 presents the associations between social
risk domains, demographic characteristics, clinical
covariates, and cholesterol ratio. Within the Economic
Stability domain, difficulty paying bills was
significantly associated with a higher cholesterol ratio
in the fully adjusted model (B = 0.08, 95% CI: 0.02—
0.13, p < 0.05), and lowest-quartile income or assets
also showed a significant positive association ( = 0.12,
95% CI: 0.04-0.19, p < 0.01). Low education was
significantly associated with higher cholesterol ratios,
with an effect of (B = 0.08, 95% CI: 0.01-0.16, p <
0.05) in the fully adjusted model. Lack of health
insurance was significantly associated with a higher
cholesterol ratio in all models, with the strongest effect
in the fully adjusted model (f = 0.22, 95% CI: 0.15-
0.30, p <0.001).

DISCUSSION

This study is the first to examine the long-term impact of
multiple social risk factors on cardiovascular health risk
factors—HDbAlc, systolic blood pressure (SBP), and
cholesterol ratios—among older adults with prediabetes
in the United States using nationally representative
longitudinal data from the Health and Retirement Study
(HRS), addressing a key gap in the literature on the
interaction of multiple determinants. The analysis
revealed complex interactions between social risk
factors, cardiovascular health outcomes, demographic
characteristics, and clinical conditions over time. Limited
education was the only social risk factor consistently
associated with increased risk across all three
outcomes—HDbA ¢, systolic blood pressure (SBP), and
cholesterol ratios—in the fully adjusted model (i.e., after
adjustment for demographic and clinical covariates).
Within the domain of economic stability, medication cost
related non-adherence was significantly associated with
HbAlc and difficulty paying bills was significantly
associated with higher cholesterol ratios in the fully
adjusted model. Healthcare access, determined through
lack of health insurance, was also associated with higher
cholesterol ratios in fully adjusted model. Consistent with
our findings, studies have linked individual social
risk factors to cardiovascular health in people with
or without prediabetes. For example, well-maintained
neighborhoods are associated with physical activity,
improved insulin sensitivity and lower HbAlc [20],
while racial discrimination in healthcare is associated
with higher HbAlc in adults with diabetes [21]. This
study adds to the literature by providing insight on which
social risks are independently associated with clinical
outcomes in adults with prediabetes when accounting for
other social risks, demographic, and clinical factors.

Limited education was the only social risk factor
consistently associated with worse outcomes (HbAlc,

systolic blood pressure, and cholesterol ratios) after full
adjustment for demographic and clinical factors. Other
studies have identified associations with higher HbAlc
levels [22, 23], higher systolic blood pressure over 30
years, with a potentially stronger effect in females than
males [24], and higher lipid profiles, particularly in
women [25]. Our findings add to this literature by
showing that, even after accounting for other social
risks, limited education is an independent risk for
poor outcomes in adults with prediabetes. More
research is needed on how to mitigate this risk through
structural interventions targeting improved educational
opportunities. In addition, research should focus on
understanding the mechanism through which limited
education has an influence on prediabetes given the
possible pathways of limited income due to educational
level, environmental exposures due to job type, and
behavioral activities based on limited understanding of
health.

Economic instability, particularly medication non-
adherence due to cost and low income or assets, was
significantly associated with higher HbAlc levels and
high cholesterol, even after adjusting for other social risk
domains and covariates. This highlights the importance
of financial stability in managing prediabetes. These
findings align with previous research showing that
financial stress contributes to medication nonadherence
in individuals with chronic conditions, including diabetes
[26, 27]. Additionally, similar associations between
financial strain and elevated cholesterol levels have been
reported in other studies [28]. Addressing economic
barriers may improve medication adherence and,
consequently, glycemic and cholesterol control in
individuals with prediabetes. Expanding affordable
healthcare, enhancing food security, and leveraging
Medicaid waivers are essential strategies to mitigate
economic barriers [9, 29, 30].

Finally, lack of health insurance was associated with
higher cholesterol levels in individuals with prediabetes
after adjusting for other social risk factors and relevant
demographic and clinical covariates. This could be due
to barriers in accessing routine medical care and
preventive therapies. Uninsured individuals face a
greater risk of undiagnosed and untreated dyslipidemia,
while those with insurance are more likely to receive
screenings and manage risk factors effectively [31, 32].
Improving health insurance coverage may enhance
access to preventive care, enabling earlier detection
and management of elevated cholesterol in individuals
with prediabetes. Future interventions studies should
focus on eliminating insurance-related barriers in
people with prediabetes and measuring their impact
on cardiovascular health outcomes. Examples of
interventions to eliminate insurance-related barriers
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include capping out-of-pocket costs for essential
services, regulating prescription drug pricing and
promoting generics, providing community-based health
insurance navigators, increasing Affordable Care Act
subsidies, and using Medicaid waivers for innovative
coverage solutions.

The findings of this study have several important
clinical implications. First, there remains a need for
interventions targeting key social risk factors to
improve cardiovascular outcomes in adults with
prediabetes. Strategies such as community-based health
education initiatives and economic support programs
and policies addressing systemic inequities could play
an important role in reducing health disparities among
older adults. Based on these findings, tailored diabetes
prevention interventions for high-risk groups, such as
those with limited education or economic resources, are
particularly important for bridging health equity gaps.
This approach aligns with the National DPP’s
commitment to advancing health equity by expanding
access to lifestyle change program for priority
populations [33]. One strategy for tailoring diabetes
prevention intervention is to address economic barriers,
such as providing subsidies for healthy food and
promoting physical activity [34, 35]. Additionally,
simplifying  educational = materials, leveraging
technology for flexible program access, and integrating
peer-led support systems can enhance engagement and
long-term adherence [36, 37]. Secondly, expanding
efforts to integrate social and medical care into
healthcare policy and practice—such as screening for
social needs, implementing Medicaid waivers to
provide non-medical services like transportation and
housing, and offering training programs that emphasize
the importance of social determinants while equipping
providers to address them——could significantly advance
health equity and improve population health [9, 29, 30].
Community health workers (CHWSs) or trained
navigators could help individuals access resources and
support, addressing social needs that affect health
outcomes and therefore should be used more widely
[38]. Currently, prediabetes is not considered a priority
diagnosis for Medicaid waiver programs that provide
non-medical services. These findings suggest the need
to include prediabetes in future iterations of waiver
programs or those developed based on Medicaid waiver
demonstration projects.

Despite incorporating multiple social risks and using a
nationally representative dataset collected over time, this
study has some limitations to note. First, generalizability
of these findings is limited to older adults with
prediabetes in the United States and may not extend to
other regions (such as developing countries) or to
younger populations with prediabetes. Additional work is

needed to identify if similar patterns hold in other age
groups of adults with prediabetes. Second, while
this study identifies significant associations given
consideration of other social risks, it does not investigate
possible mechanisms of this effect. Future research
should explore the mechanisms linking social risk factors
with health outcomes to guide interventional research.
Third, our model did not include certain lifestyle and
environmental variables, such as dietary structure,
exercise frequency, and air pollution exposure, due to
limitations in the available data. The absence of these
factors may result in residual confounding, potentially
leading to an overestimation of the independent effects of
social risk factors. Future studies with more detailed data
on these exposures are needed to validate and refine these
findings. Fourth, this study did not include measures of
locomotory restriction, which may influence both social
risk exposure and cardiovascular outcomes among older
adults. Also, social risk factors incorporated in this
analysis were limited to the variables collected in the
HRS dataset. Longitudinal studies with additional social
risk factors and more granular data on social
determinants of health domains could provide deeper
insights into modifying health disparities. Additional
limitations include potential survival bias, as the sample
only includes individuals who survived to participate and
had follow-up data, possibly underestimating the impact
of social risk among those with early mortality. Self-
reported social risk variables may be subject to recall
bias, leading to misclassification and attenuation of
observed associations.

CONCLUSIONS

This study highlights the significant influence of social
risk factors on cardiovascular health outcomes in older
adults with prediabetes. After accounting for five
domains of social risk, education and economic stability
domains were the most consistently associated with
glycemic control, blood pressure, and cholesterol levels.
These findings underscore the need for targeted
interventions to address social risk factors in improving
cardiovascular outcomes in adults with prediabetes.
Expanding tailored diabetes prevention programs and
integrating social care into healthcare policies for high-
risk groups, particularly for those with limited education
or economic resources, have promise to enhance
engagement and promote health equity. Additionally,
prioritizing prediabetes in future healthcare initiatives,
including Medicaid waivers, could further improve
population health outcomes.

AUTHOR CONTRIBUTIONS

LE designed this study. RF oversaw the analysis plan,
YX ran the analysis. RF and RJW interpreted the data.

WWWw.aging-us.com

AGING



OE, JC, RJIW, DJ and YX drafted the manuscript. All
authors critically revised the manuscript and approved
the final manuscript.

CONFLICTS OF INTEREST
The authors have no conflicts of interest to report.
ETHICAL STATEMENT AND CONSENT

This study was a non-interventional, retrospective
analysis of de-identified data. As such, institutional
review board (IRB) approval and informed consent
from patients were not required.

FUNDING

Effort for this study was partially supported by the
National Institute of Diabetes and Digestive Kidney
Disease (ROIDK118038, R0O1DK120861, PI: Egede;
KO01DK131319, PI: Campbell) and the National
Institute for Minority Health and Health Disparities
(ROIMDO013826, PI: Egede/Walker, ROIMD018012,
ROIMDO017574, PI: Egede/Linde, ROIMDO018721, PI:
Walker). The HRS (Health and Retirement Study) is
sponsored by the National Institute on Aging (grant
number NIA U01AG009740) and is conducted by the
University of Michigan.

REFERENCES

1. Centers for Disease Control and Prevention (CDC).
National Diabetes  Statistics Report. 2024.
https://www.cdc.gov/diabetes/php/data-
research/index.html

2. Cai X, Zhang Y, Li M, Wu JH, Mai L, Li J, Yang Y, Hu Y,
Huang Y. Association between prediabetes and risk of
all cause mortality and cardiovascular disease: updated
meta-analysis. BMJ. 2020; 370:m2297.
https://doi.org/10.1136/bmj.m2297 PMID:32669282

3. Huang YQ, Liu L, Huang JY, Chen CL, Yu YL, Lo K, Feng
YQ. Prediabetes and risk for all-cause and
cardiovascular mortality based on hypertension status.
Ann Transl Med. 2020; 8:1580.
https://doi.org/10.21037/atm-20-1155
PMID:33437779

4. Centers for Disease Control and Prevention (CDC).
Heart Disease Risk Factors. 2024.
https://www.cdc.gov/heart-disease/risk-
factors/index.html

5. Hubbard D, Colantonio LD, Tanner RM, Carson AP,
Sakhuja S, Jaeger BC, Carey RM, Cohen LP, Shimbo D,
Butler M, Bertoni AG, Langford AT, Booth JN 3rd, et al.
Prediabetes and Risk for Cardiovascular Disease by

10.

11.

12.

13.

Hypertension Status in Black Adults: The Jackson Heart
Study. Diabetes Care. 2019; 42:2322-29.
https://doi.org/10.2337/dc19-1074 PMID:31591089

Perreault L, Temprosa M, Mather KJ, Horton E, Kitabchi
A, larkin M, Montez MG, Thayer D, Orchard TJ,
Hamman RF, Goldberg RB, and Diabetes Prevention
Program Research Group. Regression from prediabetes
to normal glucose regulation is associated with
reduction in cardiovascular risk: results from the
Diabetes Prevention Program outcomes study.
Diabetes Care. 2014; 37:2622-31.
https://doi.org/10.2337/dc14-0656 PMID:24969574

Vistisen D, Witte DR, Brunner EJ, Kivimaki M, Tabdk A,
Jgrgensen ME, Faerch K. Risk of Cardiovascular Disease
and Death in Individuals With Prediabetes Defined by
Different Criteria: The Whitehall Il Study. Diabetes
Care. 2018; 41:899-906.
https://doi.org/10.2337/dc17-2530 PMID:29453200

Wang T, Lu J, Su Q, Chen Y, Bi Y, Mu Y, Chen L, Hu R,
Tang X, Yu X, Li M, Xu M, Xu Y, et al, and 4C Study
Group. Ideal Cardiovascular Health Metrics and Major
Cardiovascular Events in Patients With Prediabetes and
Diabetes. JAMA Cardiol. 2019; 4:874-83.
https://doi.org/10.1001/jamacardio.2019.2499
PMID:31365039

Alderwick H, Gottlieb LM. Meanings and
Misunderstandings: A Social Determinants of Health
Lexicon for Health Care Systems. Milbank Q. 2019;
97:407-19.

https://doi.org/10.1111/1468-0009.12390
PMID:31069864

Harrison C, Peyyety V, Rodriguez Gonzalez A, Chivate R,
Qin X, Zupa MF, Ragavan MI, Vajravelu ME.
Prediabetes  Prevalence by  Adverse  Social
Determinants of Health in Adolescents. JAMA Netw
Open. 2024; 7:e2416088.
https://doi.org/10.1001/jamanetworkopen.2024.16088
PMID:38861258

Lee AM, Scharf RJ, Filipp SL, Gurka MJ, DeBoer MD.
Food Insecurity Is Associated with Prediabetes Risk
Among U.S. Adolescents, NHANES 2003-2014. Metab
Syndr Relat Disord. 2019; 17:347-54.
https://doi.org/10.1089/met.2019.0006
PMID:31290718

Wright L, Stallings-Smith S, Arikawa AY. Associations
between food insecurity and prediabetes in a
representative sample of U.S. Adults (NHANES 2005-
2014). Diabetes Res Clin Pract. 2019; 148:130-6.
https://doi.org/10.1016/].diabres.2018.11.017
PMID:30500547

Hernandez-Montoya D, Cedillo-Escobar EE, Esparza-
Aguilar M, Mufioz-Torres AV. Undiagnosed prediabetes

WWWw.aging-us.com

AGING


https://www.cdc.gov/diabetes/php/data-research/index.html
https://www.cdc.gov/diabetes/php/data-research/index.html
https://doi.org/10.1136/bmj.m2297
https://pubmed.ncbi.nlm.nih.gov/32669282
https://doi.org/10.21037/atm-20-1155
https://pubmed.ncbi.nlm.nih.gov/33437779
https://www.cdc.gov/heart-disease/risk-factors/index.html
https://www.cdc.gov/heart-disease/risk-factors/index.html
https://doi.org/10.2337/dc19-1074
https://pubmed.ncbi.nlm.nih.gov/31591089
https://doi.org/10.2337/dc14-0656
https://pubmed.ncbi.nlm.nih.gov/24969574
https://doi.org/10.2337/dc17-2530
https://pubmed.ncbi.nlm.nih.gov/29453200
https://doi.org/10.1001/jamacardio.2019.2499
https://pubmed.ncbi.nlm.nih.gov/31365039
https://doi.org/10.1111/1468-0009.12390
https://pubmed.ncbi.nlm.nih.gov/31069864
https://doi.org/10.1001/jamanetworkopen.2024.16088
https://pubmed.ncbi.nlm.nih.gov/38861258
https://doi.org/10.1089/met.2019.0006
https://pubmed.ncbi.nlm.nih.gov/31290718
https://doi.org/10.1016/j.diabres.2018.11.017
https://pubmed.ncbi.nlm.nih.gov/30500547

14.

15.

16.

17.

18.

19.

20.

21.

22.

in Mexican adolescents under poverty in contexts
affected by collective violence: A clinical comparison
among health services users and hidden population.
Front Nutr. 2022.
https://doi.org/10.3389/fnut.2022.1007781
PMID:36479301

Teshale AB, Htun HL, Owen A, Gasevic D, Phyo AZ,
Fancourt D, Ryan J, Steptoe A, Freak-Poli R. The Role of
Social Determinants of Health in Cardiovascular
Diseases: An Umbrella Review. ] Am Heart Assoc. 2023;
12:e029765.
https://doi.org/10.1161/JAHA.123.029765
PMID:37345825

Health and Retirement 2024.

https://hrs.isr.umich.edu/

Study  (HSR).

Artiga S, Hinton E. Beyond health care: The role of
social determinants in promoting health and health
equity.

Corwin T, Ozieh MN, Garacci E, Walker RJ, Egede LE.
Association of Social Risk Domains With Poor
Cardiovascular Risk Factor Control in US Adults With
Diabetes, From 2006 to 2016. JAMA Netw Open. 2022;
5:2230853.
https://doi.org/10.1001/jamanetworkopen.2022.30853
PMID:36083585

Bates D, Méachler M, Bolker B, Walker S. Fitting linear
mixed-effects models using Ime4. J Stat Softw. 2015;
67. https://doi.org/10.18637/jss.v067.i01

StataCorp. Stata Statistical Software: Release 17.

College Station, TX: StataCorp LLC; 2021.

Bakrania K, Yates T, Edwardson CL, Bodicoat DH, Esliger
DW, Gill JM, Kazi A, Velayudhan L, Sinclair AJ, Sattar N,
Biddle SJ, Hamer M, Davies MJ, Khunti K. Associations
of moderate-to-vigorous-intensity physical activity and
body mass index with glycated haemoglobin within the
general population: a cross-sectional analysis of the
2008 Health Survey for England. BMJ Open. 2017,
7:e014456.
https://doi.org/10.1136/bmjopen-2016-014456
PMID:28373255

Peek ME, Wagner J, Tang H, Baker DC, Chin MH. Self-
reported racial discrimination in health care and
diabetes outcomes. Med Care. 2011; 49:618-25.
https://doi.org/10.1097/MLR.0b013e318215d925
PMID:21478770

Chen GD, Huang CN, Yang YS, Lew-Ting CY. Patient
perception of understanding health education and
instructions has moderating effect on glycemic control.
BMC Public Health. 2014; 14:683.
https://doi.org/10.1186/1471-2458-14-683
PMID:24996669

23.

24.

25.

26.

27.

28.

29.

30.

Ong-Artborirak P, Seangpraw K, Boonyathee S,
Auttama N, Winaiprasert P. Health literacy, self-
efficacy, self-care behaviors, and glycemic control
among older adults with type 2 diabetes mellitus: a
cross-sectional study in Thai communities. BMC
Geriatr. 2023; 23:297.
https://doi.org/10.1186/s12877-023-04010-0
PMID:37193967

Loucks EB, Abrahamowicz M, Xiao Y, Lynch JW.
Associations of education with 30 year life course
blood pressure trajectories: Framingham Offspring
Study. BMC Public Health. 2011; 11:139.
https://doi.org/10.1186/1471-2458-11-139
PMID:21356045

Lara M, Amigo H. Association between education and
blood lipid levels as income increases over a decade: a
cohort study. BMC Public Health. 2018; 18:286.
https://doi.org/10.1186/s12889-018-5185-3
PMID:29482545

Duodu PA, Agbadi P, Duah HO, Darkwah E, Nutor JJ.
Correlates of blood pressure and blood glucose
screenings in Cameroon: insights from the 2018
Demographic and Health Survey. Int Health. 2022;
14:201-10.
https://doi.org/10.1093/inthealth/ihab033
PMID:34118153

Patel MR, Kruger DJ, Cupal S, Zimmerman MA. Effect of
Financial Stress and Positive Financial Behaviors on
Cost-Related Nonadherence to Health Regimens
Among Adults in a Community-Based Setting. Prev
Chronic Dis. 2016; 13:E46.
https://doi.org/10.5888/pcd13.160005
PMID:27055263

Niedzwiedz CL, Katikireddi SV, Reeves A, McKee M,
Stuckler D. Economic insecurity during the Great
Recession and metabolic, inflammatory and liver
function biomarkers: analysis of the UK Household
Longitudinal Study. J Epidemiol Community Health.
2017; 71:1005-13.
https://doi.org/10.1136/jech-2017-209105
PMID:28855264

Andermann A. Screening for social determinants of
health in clinical care: moving from the margins to the
mainstream. Public Health Rev. 2018; 39:19.
https://doi.org/10.1186/s40985-018-0094-7
PMID:29977645

Phillips J, Richard A, Mayer KM, Shilkaitis M, Fogg LF,
Vondracek H. Integrating the Social Determinants of
Health into Nursing Practice: Nurses’ Perspectives. J
Nurs Scholarsh. 2020; 52:497-505.
https://doi.org/10.1111/jnu.12584

PMID:32654364

WWWw.aging-us.com

11

AGING


https://doi.org/10.3389/fnut.2022.1007781
https://pubmed.ncbi.nlm.nih.gov/36479301
https://doi.org/10.1161/JAHA.123.029765
https://pubmed.ncbi.nlm.nih.gov/37345825
https://hrs.isr.umich.edu/
https://doi.org/10.1001/jamanetworkopen.2022.30853
https://pubmed.ncbi.nlm.nih.gov/36083585
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1136/bmjopen-2016-014456
https://pubmed.ncbi.nlm.nih.gov/28373255
https://doi.org/10.1097/MLR.0b013e318215d925
https://pubmed.ncbi.nlm.nih.gov/21478770
https://doi.org/10.1186/1471-2458-14-683
https://pubmed.ncbi.nlm.nih.gov/24996669
https://doi.org/10.1186/s12877-023-04010-0
https://pubmed.ncbi.nlm.nih.gov/37193967
https://doi.org/10.1186/1471-2458-11-139
https://pubmed.ncbi.nlm.nih.gov/21356045
https://doi.org/10.1186/s12889-018-5185-3
https://pubmed.ncbi.nlm.nih.gov/29482545
https://doi.org/10.1093/inthealth/ihab033
https://pubmed.ncbi.nlm.nih.gov/34118153
https://doi.org/10.5888/pcd13.160005
https://pubmed.ncbi.nlm.nih.gov/27055263
https://doi.org/10.1136/jech-2017-209105
https://pubmed.ncbi.nlm.nih.gov/28855264
https://doi.org/10.1186/s40985-018-0094-7
https://pubmed.ncbi.nlm.nih.gov/29977645
https://doi.org/10.1111/jnu.12584
https://pubmed.ncbi.nlm.nih.gov/32654364

31.

32

33.

34.

35.

Cowie C. Health insurance coverage among people
with and without diabetes in the US adult population.
Diabetes Care. 2010; 35:7-8.

Mahoney S, Bradley A, Pitts L, Waletzko S, Robinson-
Lane SG, Fairchild T, Terbizan DJ, McGrath R. Health
Insurance Is Associated with Decreased Odds for
Undiagnosed Prediabetes and Type 2 Diabetes in
American Adults. Int J Environ Res Public Health. 2020;
17:4706.

https://doi.org/10.3390/ijerph17134706
PMID:32629937

Centers for Disease Control and Prevention (CDC).
National Diabetes Prevention Program. 2024.
https://www.cdc.gov/diabetes-prevention/index.html

Coleman KJ, Ocana LL, Walker C, Araujo RA, Gutierrez
V, Shordon M, Oratowski-Coleman J, Philis-Tsimikas A.
Outcomes from a culturally tailored diabetes
prevention program in Hispanic families from a low-
income school: Horton Hawks Stay Healthy (HHSH).
Diabetes Educ. 2010; 36:784-92.
https://doi.org/10.1177/0145721710377360
PMID:20651100

Horowitz CR, Eckhardt S, Talavera S, Goytia C, Lorig K.
Effectively translating diabetes prevention: a successful
model in a historically underserved community. Transl
Behav Med. 2011; 1:443-52.

36.

37.

38.

https://doi.org/10.1007/s13142-011-0067-6
PMID:22189897

Kim SE, Castro Sweet CM, Cho E, Tsai J, Cousineau MR.
Evaluation of a Digital Diabetes Prevention Program
Adapted for Low-Income Patients, 2016-2018. Prev
Chronic Dis. 2019; 16:E155.
https://doi.org/10.5888/pcd16.190156
PMID:31775010

Lépez L, Grant RW. Closing the gap: eliminating health
care disparities among Latinos with diabetes using
health information technology tools and patient
navigators. J Diabetes Sci Technol. 2012; 6:169-76.
https://doi.org/10.1177/193229681200600121
PMID:22401336

Kim K, Choi JS, Choi E, Nieman CL, Joo JH, Lin FR, Gitlin
LN, Han HR. Effects of Community-Based Health
Worker Interventions to Improve Chronic Disease
Management and Care Among Vulnerable Populations:
A Systematic Review. Am J Public Health. 2016;
106:e3-28.
https://doi.org/10.2105/AJPH.2015.302987
PMID:26890177

WWWw.aging-us.com

12

AGING


https://doi.org/10.3390/ijerph17134706
https://pubmed.ncbi.nlm.nih.gov/32629937
https://www.cdc.gov/diabetes-prevention/index.html
https://doi.org/10.1177/0145721710377360
https://pubmed.ncbi.nlm.nih.gov/20651100
https://doi.org/10.1007/s13142-011-0067-6
https://pubmed.ncbi.nlm.nih.gov/22189897
https://doi.org/10.5888/pcd16.190156
https://pubmed.ncbi.nlm.nih.gov/31775010
https://doi.org/10.1177/193229681200600121
https://pubmed.ncbi.nlm.nih.gov/22401336
https://doi.org/10.2105/AJPH.2015.302987
https://pubmed.ncbi.nlm.nih.gov/26890177

SUPPLEMENTARY MATERIALS

Supplementary Tables

Supplementary Table 1. Adjusted mixed effects linear regression for relationship between social risk domains

and glycemic control.

Model 12

B coefficient (95%
confidence interval)

Model 23

B coefficient (95%
confidence interval)

Model 3 ¢

B coefficient (95%
confidence interval)

Economic stability

Medication cost-related nonadherence
Difficulty paying bills
Lowest-quartile income or assets
Employment adversity
Neighborhood or built environment
Food insecurity

Neighborhood physical disorder

Lack of neighborhood social cohesion
Adverse social support

Education access

Limited education

Health care access

Lack of health insurance

Social or community context
Depression

Perceived everyday discrimination
Covariates

High blood pressure

Cancer

Lung disease

Heart disease

Stroke

Emotional or psychiatric problems
Arthritis

Age, year (Ref: 50-59)

60-74

>75

Race and ethnicity (Ref: Non-Hispanic White)
Non-Hispanic Black

Other

Married or living with a partner (Ref: single)
Sex (Ref: Male)

0.03 (0.005, 0.06) *
-0.001 (-0.02, 0.02)

0.05 (0.03, 0.07) ***
-0.02 (-0.04, 0.01)

0.02 (-0.02, 0.06)
0.03 (0.01, 0.05) **
0.01 (-0.01, 0.04)
0.003 (-0.01, 0.02)
0.07 (0.05, 0.09) ***

-0.02 (-0.04, 0.00)

0.02 (-0.01, 0.04)
0.01 (-0.01, 0.03)

0.03 (0.002, 0.06) *
-0.004 (-0.02, 0.01)

0.03 (0.01, 0.05) ***
-0.02 (-0.04, 0.01)

0.00 (-0.04, 0.04)

0.02 (-0.001, 0.04)
0.01 (-0.02, 0.03)
-0.001 (-0.02, 0.02)

0.06 (0.04, 0.08) ***

-0.03 (-0.05, -0.01) **

0.002 (-0.02, 0.02)
0.01 (-0.01, 0.03)

0.03 (0.002, 0.06) *
-0.01 (-0.02, 0.01)
0.01 (-0.01, 0.03)

-0.02 (-0.05, 0.003)

-0.01 (-0.05, 0.03)
0.01 (-0.01, 0.03)
-0.003 (-0.03, 0.02)
0.002 (-0.02, 0.02)

0.03 (0.01, 0.06) ***

-0.01 (-0.04, 0.01)

-0.004 (-0.03, 0.02)
0.01 (-0.01, 0.02)

0.03 (0.01, 0.04) ***
0.03 (0.01, 0.05) **
0.04 (0.01, 0.06) **
0.02 (0.003, 0.04) *
0.03 (-0.001, 0.06)
-0.01 (-0.03, 0.01)
-0.01 (-0.02, 0.01)

-0.01 (-0.03, 0.01)
0.04 (0.02, 0.06) ***

0.12 (0.10, 0.14) ***
0.08 (0.05, 0.10) ***
-0.004 (-0.02, 0.01)
-0.02 (-0.03, -0.002) *

*p-value <0.05; **p-value <0.01; *** p-value <0.001.

2This model includes five separate individual models, each containing only one of the social risk factors.

3This model includes all five social risk factors together.
“This model includes all five social risk factors along with covariates.
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Supplementary Table 2. Adjusted mixed

and systolic blood pressure.

effects linear regression for relationship between social risk domains

Model 12

B coefficient (95%
confidence interval)

Model 23

B coefficient (95%
confidence interval)

Model 34

B coefficient (95%
confidence interval)

Economic stability

Medication cost-related nonadherence
Difficulty paying bills
Lowest-quartile income or assets
Employment adversity
Neighborhood or built environment
Food insecurity

Neighborhood physical disorder

Lack of neighborhood social cohesion
Adverse social support

Education access

Limited education

Health care access

Lack of health insurance

Social or community context
Depression

Perceived everyday discrimination
Covariates

High blood pressure

Cancer

Lung disease

Heart disease

Stroke

Emotional or psychiatric problems
Arthritis

Age, year (Ref: 50-59)

60-74

>75

Race and ethnicity (Ref: Non-Hispanic White)

Non-Hispanic Black
Other

Married or living with a partner (Ref: single)

Sex (Ref: Male)

-0.63 (-1.99, 0.73)

-0.86 (-1.78, 0.07)

1.45 (0.31, 2.59) *
-1.59 (-2.99, -0.17) *

-0.61 (-2.59, 1.36)
0.16 (-1.02, 1.34)
0.55 (-0.66, 1.75)
-0.76 (-1.70,0.18)
4.85 (3.50, 6.20) ***

-2.17 (-3.35, -0.98) ***

-1.01 (-2.21, 0.18)
-1.21 (-2.14, -0.28) **

-0.48 (-1.86, 0.89)
-0.69 (-1.63, 0.26)
0.75 (-0.43, 1.94)
-1.23 (-2.66, 0.20)

-0.09 (-2.16, 1.97)
-0.12 (-1.31, 1.06)
0.60 (-0.61, 1.81)
-0.39 (-1.36, 0.57)
5.03 (3.64, 6.42) ***

-2.01 (-3.21, -0.82) **

1,12 (-2.34, 0.11)
-0.98 (-1.94, -0.03) *

-0.01 (-1.38, 1.35)
-0.22 (-1.15, 0.72)
0.33 (-0.88, 1.55)
-0.45 (-1.89, 0.98)

0.30 (-1.74, 2.33)
-0.44 (-1.61, 0.74)
0.66 (-0.53, 1.86)
0.16 (-0.79, 1.11)

4.34 (2.96, 5.71) ***

0.14 (-1.10, 1.37)

-0.85 (-2.09, 0.39)
-0.66 (-1.61, 0.29)

4.87 (3.98, 5.77) ***
-1.30 (-2.50, -0.10) *
-1.66 (-3.07, -0.25) *

-3.47 (-4.50, -2.43) ***

0.12 (-1.74, 1.98)
-0.71 (-1.95, 0.54)
-0.15 (-1.07, 0.77)

3.18 (2.14, 4.22) ***
6.85 (5.55, 8.16) ***

3.43 (2.00, 4.86) ***
-2.27 (-3.80, -0.74) **

-1.13 (-2.11, -0.15) *
-4.29 (-5.29, -3.29) ***

b*p-value <0.05; **p-value <0.01; *** p-value <0.001.
2This model includes five separate individual models, each containing only one of the social risk factors.
3This model includes all five social risk factors together.

“This model includes all five social risk factors along with covariates.
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Supplementary Table 3. Adjusted mixed effects linear regression for relationship between social risk domains

and cholesterol ratio.

Model 12

B coefficient (95%
confidence interval)

Model 2 3

B coefficient (95%
confidence interval)

Model 3 4
B coefficient (95%
confidence interval)

Economic stability

Medication cost-related nonadherence -0.001 (-0.09, 0.08)
0.10 (0.05, 0.16) ***
0.09 (0.02, 0.16) **

0.11 (0.02, 0.19) *

Difficulty paying bills
Lowest-quartile income or assets
Employment adversity
Neighborhood or built environment
Food insecurity 0.11 (-0.01, 0.23)
-0.03 (-0.10, 0.05)

0.10 (0.03, 0.18) **

Neighborhood physical disorder
Lack of neighborhood social cohesion

Adverse social support 0.08 (0.02, 0.13) *=*
Education access
Limited education 0.13 (0.05, 0.20) **

Health care access
Lack of health insurance 0.29 (0.22, 0.37) **=*
Social or community context
Depression 0.03 (-0.04, 0.11)
Perceived everyday discrimination 0.10 (0.04, 0.16) **
Covariates

High blood pressure -

Cancer -

Lung disease -

Heart disease -

Stroke -
Emotional or psychiatric problems -

Arthritis -

Age, year (Ref: 50-59)

60-74 -

>75 -

Race and ethnicity (Ref:Non-Hispanic White)

Non-Hispanic Black -

Other -
Married or living with a partner (Ref: single) -

Sex (Ref: Male)

-0.02 (-0.11, 0.06)
0.07 (0.01, 0.13) *
0.06 (-0.01, 0.13)
0.07 (-0.02, 0.16)

0.01 (-0.11, 0.14)
-0.05 (-0.12, 0.02)
0.07 (-0.01, 0.14)
0.04 (-0.02, 0.10)
0.08 (0.01, 0.16) *

0.26 (0.19, 0.33) ***

-0.03 (-0.10, 0.05)
0.06 (-0.001, 0.12) *

0.02 (-0.07, 0.11)
0.08 (0.02, 0.13) *

0.12 (0.04, 0.19) **
0.05 (-0.04, 0.14)

0.03 (-0.10, 0.15)
-0.04 (-0.11, 0.04)
0.08 (-0.00, 0.15)
0.02 (-0.04, 0.08)

0.08 (0.01, 0.16) *

0.22 (0.15, 0.30) ***

0.03 (-0.05, 0.11)
0.03 (-0.03, 0.09)

-0.01 (-0.06, 0.04)
-0.05 (-0.12, 0.02)
-0.00 (-0.08, 0.08)

-0.15 (-0.21, -0.09) ***
-0.06 (-0.17, 0.05)
-0.005 (-0.08, 0.07)
0.01 (-0.04, 0.07)

0.03 (-0.03, 0.09)
-0.09 (-0.17, -0.01) *

-0.12 (-0.20, -0.04) **
0.03 (-0.05, 0.12)
0.02 (-0.04, 0.08)

-0.37 (-0.43, -0.32) ***

b*p-value <0.05; **p-value <0.01; *** p-value <0.001.

2This model includes five separate individual models, each containing only one of the social risk factors.

3This model includes all five social risk factors together.
“This model includes all five social risk factors along with covariates.
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