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* This study explores social determinants of health and cardiovascular events.

» Having multiple SDOH significantly increased the risk of any cardiovascular event.
« This finding was driven by cardiovascular death.

« Identifying social determinants may help detect risk of cardiovascular events.
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Background: Social determinants of health (SDOH) have been associated with diabetes risk; however, their association with car-
diovascular disease (CVD) events in individuals with diabetes is poorly described. We hypothesized that a greater number of
SDOH among individuals with diabetes would be associated with a higher risk of CVD events.

Methods: The REasons for Geographic and Racial Differences in Stroke (REGARDS) study is a national, biracial cohort of 30,239
individuals >45 years old recruited in 2003-2007. We included 6,322 participants with diabetes at baseline, defined as healthcare
professional diagnosis, diabetes medication use, or blood glucose values. Seven SDOH that were individually associated with
CVD events were included (P<0.20). The outcome was CVD events, a composite of expert-adjudicated myocardial infarction,
stroke, or cardiovascular death. We estimated Cox proportional hazard models to examine associations between number of
SDOH (0, 1, 2, =3) and CVD events.

Results: In an age and sex adjusted model, the presence of multiple SDOH significantly increased the risk of any CVD event (haz-
ard ratio [HR], 1.48; 95% confidence interval [CI], 1.26 to 1.74 for two SDOH; HR, 1.68; 95% CI, 1.43 to 1.96 for >3 SDOH). This
finding was attenuated but remained statistically significant in a fully adjusted model (HR, 1.19; 95% CI, 1.01 to 1.40 for two
SDOH; HR, 1.27;95% CI, 1.07 to 1.50 for >3 SDOH).

Conclusion: Having multiple SDOH was independently associated with an increased risk of CVD events, a finding driven by car-
diovascular death. Identifying individuals with diabetes who have multiple SDOH may be helpful for detecting those at higher
risk of experiencing or dying from CVD events.
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INTRODUCTION

Diabetes is one of the leading causes of morbidity and mortali-
ty in the United States, affecting 34.1 million United States

adults in 2018 [1]. Among individuals with diabetes, cardio-
vascular disease (CVD) is a major cause of death and disability.
Globally, CVD affects approximately 32.2% of individuals di-
agnosed with type 2 diabetes mellitus (T2DM) [2]. The sequel-
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ae of diabetes are significant—CVD death rates are 1.7 times
higher, hospitalization for heart attack is 1.8 times higher, and
hospitalization for stroke is 1.5 times higher for those diag-
nosed with diabetes compared to those without diabetes [3]. In
addition, these cardiovascular consequences are higher in
women with diabetes, who have a greater relative risk of devel-
oping myocardial infarction (MI), fatal coronary heart disease,
and stroke [4]. CVD accounts for approximately half of all
deaths among those with type 1 diabetes mellitus and T2DM,
highlighting the importance of understanding the relationship
between diabetes and CVD [2,5].

Social determinants of health (SDOH), such as income, edu-
cation, housing, and access to nutritious food, have been
shown to influence the development of diabetes and diabetes
clinical outcomes [6]. A systematic review by Walker et al. [7]
reported that beyond racial and ethnic differences in diabetes
outcomes, psychosocial factors (e.g., self-efficacy, depression,
social support) and neighborhood factors (e.g., food insecurity,
social cohesion, neighborhood esthetics) were associated with
glycemic control, low-density lipoprotein (LDL), and blood
pressure. However, the review also found at the time that many
scientific reports were only tangentially related to SDOH and
did not explicitly examine their influence on outcomes [6]. Re-
cent analyses of the REasons for Geographic and Racial Differ-
ences in Stroke (REGARDS) study have demonstrated that
SDOH often cluster within individuals and multiple SDOH
can affect health outcomes including incident coronary heart
disease, incident heart failure hospitalization, 90-day mortality
after discharge for heart failure, and incident stroke [8-14].
Though there is also evidence on the impact of multiple SDOH
on diabetes incidence, to date, the influence of within-person
multiple SDOH on clinical outcomes, such as cardiovascular
risk, in patients with diabetes is not well described [13].

The combined effect of multiple vulnerabilities, such as pov-
erty, lack of social support, and limited access to healthcare are
likely to exert a larger influence on CVD in adults with diabe-
tes than any one SDOH alone. The self-reported and rigorously
assessed physiologic data and expert-adjudicated CVD end-
points of the national biracial REGARDS cohort offers a
unique opportunity to examine the association of multiple
SDOH and cardiovascular risk among the populations most
vulnerable to poor diabetes outcomes. We hypothesized that in
individuals with diabetes, a greater number of SDOH vulnera-
bilities would be associated with a higher risk for cardiovascu-
lar events.
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METHODS

Study population

This study was approved by Institutional Review Boards of
Weill Cornell Medical College (IRB No. 1603017100) and par-
ticipating institutions, and all participants provided written in-
formed consent. REGARDS is a longitudinal, observational co-
hort study of 30,239 community-dwelling individuals >45 years
of age living in the 48 contiguous United States and District of
Columbia. Participants were enrolled between January 2003
and October 2007. The primary objective of the REGARDS
study was to determine the causes for excess stroke mortality
in the Southeastern United States and among African Ameri-
cans. As a result, study participants were oversampled from the
Stroke Buckle (coastal areas of Georgia, North Carolina, and
South Carolina) and Stroke Belt (remaining areas of Georgia,
North Carolina, South Carolina, Louisiana, Arkansas, Ala-
bama, Tennessee, and Mississippi). At baseline (2003 to 2007),
participant information including sociodemographic informa-
tion, medical history, and risk factors were collected via com-
puter assisted telephone interview, followed by an in-home vis-
it in which physiological parameters (height, weight, blood
pressure), electrocardiography, and urine and blood samples.
Labs were assessed at the study’s central laboratory at the Uni-
versity of Vermont. Medication inventory was also performed
through pill bottle review. Participants were contacted every 6
months for the next >10 years to assess health status. Further
details on the REGARDS methodology have been described
previously [15].

For this study, we selected REGARDS participants with com-
plete information on diabetes status at baseline. This includes
participants with a self-reported diagnosis of diabetes from a
healthcare professional, participants being treated with diabetes
medications or insulin, or participants with a fasting glucose
>126 mg/dL or random glucose =200 mg/dL.

Outcomes: incident and recurrent MI, stroke, and fatal
cardiovascular disease

Incident and recurrent MI, stroke, and CVD death were based
on expert adjudication after medical record review. MI events
were defined as (1) a clinical presentation consistent with isch-
emia; (2) a rising and/or falling pattern of troponin over at
least 6 hours with a peak at least twice the upper limit of nor-
mal; or (3) imaging findings consistent with ischemia. Stroke
events were defined as (1) focal neurological deficit consistent
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with ischemia lasting for >24 hours and confirmed with medi-
cal records; (2) clinical strokes (focal or nonfocal neurological
deficit with diagnostic brain imaging regardless of symptom
duration); and (3) expert-adjudicated stroke deaths. Events
were adjudicated through examination of medical records and
disagreements were resolved by committee.

Cardiovascular death was defined as death from definite,
probable, or possible MI, stroke, sudden death, heart failure,
other cardiac cause, or not cardiac but other cardiovascular
cause. The main underlying cause of death was determined by
two trained adjudicators who examined all available informa-
tion including interviews with next of kin, death certificates,
autopsy reports, medical history, and the National Death In-
dex. Events through December 31, 2018 were available for this
study.

Primary exposure: social determinants of health

The primary exposures were SDOH, guided by the Agency for
Healthcare Research and Quality National Healthcare Quality
and Disparities Report [16] and the Center for Disease Control
Health Disparities and Inequalities Report [17] and categorized
according to five domains of the Healthy People 2030 frame-
work of SDOH [18]. We selected nine candidate SDOH shown
to associated with health outcomes in CVD more broadly, an
approach that has been used previously by other REGARDS
investigators [8-14]. Each SDOH was dichotomized and inves-
tigated separately for their association with CVD. The social
and community context domain included social isolation, de-
termined through questions regarding not seeing friends or
family members in the past month or not having someone to
care for you if you became ill. The education domain included
educational attainment less than high school. The economic
stability domain included annual household income <$35,000.
The health and health care domain included residence in a
healthcare professional shortage area, lacking health insurance,
and residence in a state in the bottom 20% of United States
states for at least 8 years of a 10-year (1993 to 2002) period of a
measure of public health infrastructure derived from America’s
Health Ranking. The neighborhood and built environment do-
main included rural residence and residing in a zip code with
>25% of residents living below the federal poverty line.

Covariates
Baseline covariates included sociodemographics, medical con-

ditions, medications, health status, health behaviors, and phys-
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iological factors. Sociodemographics included age, race, sex,
and residence in the Stroke Belt or Buckle. Medical conditions
included history of hypertension (self-report, use of antihyper-
tensive medication, or systolic/diastolic blood pressure >140/
90 mm Hg), hyperlipidemia (self-report, use of lipid-lowering
medications, total cholesterol >200 mg/dL, high-density lipo-
protein cholesterol [HDL-C] <40 mg/dL, or LDL cholesterol
>100 mg/dL), heart disease (self-reported MI, coronary artery
bypass grafting, angioplasty, stenting, or evidence of MI from
initial electrocardiogram), or stroke (self-report). Medications
included use of baseline antihypertensives, statins, or insulin.
Health status was assessed using Physical Component Sum-
mary and Mental Component Summary scores from the Short
Form-12. Health behaviors included cigarette smoking, risky
alcohol consumption (heavy drinking based on sex-specific
National Institute of Alcohol Abuse and Alcoholism cut points
vs. moderate or no consumption), physical activity (1 or more
times per week of exercise vs. none), adherence to the Mediter-
ranean diet using the Mediterranean diet score (=6 as adher-
ent), and adherence to medications without regard to specific
medications (any adherence vs. none) [19]. Physiological fac-
tors included body mass index (BMI), systolic blood pressure,
diastolic blood pressure, total cholesterol, HDL-C, C-reactive
protein, urinary albumin-to-creatinine ratio, and estimated
glomerular filtration rate.

Statistical analysis

We first examined bivariate associations between each dichot-
omized candidate SDOH and time to composite endpoint of
M, stroke, or cardiovascular death using Cox proportional
hazards models adjusted for sex and age at baseline. SDOH
that demonstrated a statistically significant association at the
P<0.20 level with the composite endpoint were retained for
further analysis. We then evaluated correlations among all se-
lected SDOH to confirm the absence of multicollinearity. Us-
ing the smaller list of SDOH, we created a count of SDOH (0,
1,2, 3, or more), which became our main exposure.

We evaluated age-adjusted incidence rates per 1,000 person-
years of the composite outcome (MI, stroke, or cardiovascular
death), and for each outcome separately. To determine the inde-
pendent effects of SDOH count on time to event for MI/stroke/
cardiovascular death, we first estimated Cox proportional haz-
ards model adjusted only for age and sex. We then sequentially
adjusted for covariates in groups: (1) sociodemographics, (2)
medical conditions, (3) medications, (4) health status, (5) health
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behaviors, and (6) physiological factors, observing changes in
the direction and magnitude of the associations with SDOH
count. We tested interactions between the SDOH count and
age, race, insulin use, and history of CVD. We evaluated Ka-
plan-Meier survival curves of the SDOH count for the compos-
ite outcome as well as for individual outcomes (MI, stroke, and
cardiovascular death), and compared survival curves using log-
rank test.

We then determined the effect of a greater number of SDOH
on time to each outcome separately (MI, stroke, or cardiovas-
cular death). We fitted a minimally adjusted Cox model, ad-
justing for age and gender, and fully adjusted Cox models (ad-
justed for sociodemographics, medical conditions, medica-
tions, health status, health behaviors, physiological factors) for
each of these outcomes separately.

We performed multiple imputations by chained equations to
address missing data [20]. All analyses were conducted in
STATA version 14 (StataCorp., College Station, TX, USA), R
version 4.0.5 (R Foundation for Statistical Computing, Vienna,
Austria), and SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA).

RESULTS

The study sample included 6,322 individuals with diabetes at
baseline. The follow-up period of the REGARDS study is still

ongoing. For this study, data through December 2018 were
available and the median follow-up time was 8.7 years (inter-
quartile range, 4.4 to 12.4). Individuals who died due to other
causes were censored at the time of death (see Supplementary
Fig. 1 for exclusion cascade).

Selection of SDOH

Table 1 displays the minimally adjusted associations and P val-
ues for the nine considered SDOH and the composite end-
point of MI, stroke, or cardiovascular death. The SDOH asso-
ciated with the composite endpoint at P<0.20 were retained
for further analysis. The inclusion of SDOH variables based on
a P value threshold of <0.20 was based on previously pub-
lished REGARDS methodology and was also influenced by re-
cent literature on the reporting and interpretation of P values
in epidemiological and medical research [12,21,22]. The seven
SDOH associated with the composite endpoint at P<0.20 and
retained for further analysis were social isolation from friends/
family, social isolation from caregivers, low education, low in-
come, zip code level poverty, residence in a healthcare profes-
sional shortage area, and lack of health insurance.

Baseline characteristics of participants

Participants characteristics by number of SDOH are displayed
in Table 2. The median age of the sample at baseline was 66+9
years; 53% were female and 58% were Black. Participants with

Table 1. Bivariate associations between SDOH and composite endpoint (myocardial infarction/stroke/cardiovascular death)

Healthy People 2030 domain SDOH HR (95% CI) Pvalue
Social and community context Social isolation from friends/family*" 1.33 (1.09-1.62) 0.004
Social isolation from caregivers* 1.19 (1.04-1.36) 0.014
Education Low education (<high school)* 1.32(1.18-1.48) <0.001
Economic stability Low annual household income (< $35,000)* 1.57 (1.40-1.75) <0.001
Neighborhood/built environment ~ Zip code level poverty™? 1.11 (1.00-1.24) 0.046
Rural residence 1.02 (0.73-1.42) 0.899
Health and healthcare Residence in HPSA® 1.09 (1.00-1.20) 0.065
Lack of health insurance® 1.15(0.94-1.42) 0.176
Poor state public health infrastructure* 1.02 (0.93-1.13) 0.665

SDOH, social determinants of health; HR, hazard ratio; CI, confidence interval; HPSA, Health Professional Shortage Area.

*P<0.20, "Social isolation from friends/family defined as those who have 0 or 1 friend/family that they have seen in the past month, “Social isola-
tion from caregivers defined as participants who reported they had no one to care for them if they became ill, “Zip code level poverty defined as
residence in zip code with >25% of residents living below the federal poverty line, “Public health infrastructure vulnerability includes nine states
whose ranking had been in the bottom 20% for poor health infrastructure for greater than or equal to 80% of the time between 1993 and 2002.
The time period reflects the 10 years preceding when REasons for Geographic and Racial Differences in Stroke (REGARDS) baseline data col-

lection started in 2003.
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Table 2. Characteristics of participants in the REGARDS study with diabetes at baseline, by count of SDOH

dm
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Characteristic 0SDOH 1 SDOH 2 SDOH >3 SDOH Pvalue
Number 859 1,524 1,326 1,566 -
Events (composite) 194 (22.6) 387 (25.4) 400 (30.2) 490 (31.3) <0.001
Social determinants
Less than high school education 0 34(2.2) 245 (18.5) 775 (49.5) <0.001
<$35,000 Annual household income 726 (47.6) 1,042 (78.6) 1,378 (88.0) <0.001
Zip code poverty (>25% residents living 0 115(7.5) 317 (23.9) 973 (62.1) <0.001
below federal poverty line)
Residence in HPSA 0 527 (34.6) 680 (51.3) 1,170 (74.7) <0.001
Lack of health insurance 0 20(1.3) 82(6.2) 300(19.2) <0.001
Social isolation (caregivers)* 0 74 (4.9) 219 (16.5) 494 (31.5) <0.001
Social isolation (friends/family) 0 28(1.8) 67 (5.1) 192 (12.3) <0.001
Sociodemographics
Age, yr 63.7£8.1 65.2+8.7 66.1£8.7 66.0+8.7 <0.001
Male sex 558 (65.0) 821 (53.9) 609 (45.9) 571 (36.5) <0.001
Black 345 (40.2) 713 (46.8) 791 (59.7) 1,201 (76.7) <0.001
Stroke Belt or Stroke Buckle 538 (62.6) 862 (56.6) 747 (56.3) 894 (57.1) 0.008
Medical conditions
Hypertension 624 (72.6) 1,186 (77.8) 1,037 (78.2) 1,300 (83.0) <0.001
Hyperlipidemia 618 (71.9) 1,134 (74.4) 900 (67.9) 1,047 (66.9) <0.001
History of heart disease 215 (25.0) 416 (27.3) 369 (27.8) 427 (27.3) 0.407
History of stroke 64 (7.5) 144 (9.4) 152 (11.5) 210 (13.4) <0.001
Medications
Antihypertensives 598 (69.6) 1,152 (75.6) 1,006 (75.9) 1,257 (80.3) <0.001
Statin 434 (50.5) 773 (50.7) 631 (47.6) 714 (45.6) 0.017
Insulin 197 (22.9) 366 (24.0) 363 (27.4) 491 (31.4) <0.001
Not taking any diabetes medications 95(11.1) 186 (12.2) 130 (9.8) 158 (10.1) 0.110
Health status
SE-12 physical component score 452+10.8 432+11.2 40.7£11.5 40.0£11.2 <0.001
SF-12 mental component score 55.4+7.2 54.6+8.2 53.2+9.2 50.8+£11.0 <0.001
Health behaviors
Current cigarette smoking 97 (11.3) 163 (10.7) 210 (15.8) 287 (18.3) <0.001
Risky alcohol consumption 20 (2.3) 32(2.1) 19 (1.4) 26(1.7) 0.390
Physical activity* 550 (64.0) 912 (59.8) 779 (58.7) 811 (51.8) <0.001
High adherence to Mediterranean diet 154 (17.9) 228 (15.0) 168 (12.7) 172 (11.0) 0.039
Adherence to medications 558 (65.0) 1,030 (67.6) 886 (66.8) 1,010 (64.5) 0.170
Physiological factors
BMI, kg/m’ 31.8+5.9 32.4+6.6 32.4+6.8 32.7£6.9 0.032
Systolic blood pressure, mm Hg 128.8+14.9 131.3+16.9 131.7+£17.1 134.3£18.1 <0.001
Diastolic blood pressure, mm Hg 75.5%9.5 76.4+10.0 76.3£10.4 77.7£11.1 <0.001
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Table 2. Continued

Characteristic 0SDOH 1 SDOH 2SDOH >3 SDOH Pvalue
Total cholesterol, mg/dL 176.4£38.7 176.6+39.7 181.2+42.8 183.8+42.4 <0.001
HDL-C, mg/dL 43.0(36.0-52.5)  43.0(36.0-52.0) 45.0(37.0-54.0)  46.0 (38.0-56.0) <0.001
C-reactive protein >3 mg/L 337(39.2) 682 (44.8) 628 (47.4) 786 (50.2) <0.001
Urinary albumin/creatinine ratio >30 mg/g 207 (24.1) 403 (26.4) 412 (31.1) 502 (32.1) <0.001
eGFR <60 mL/min/1.73 m* 130 (15.1) 259 (17.0) 267 (20.1) 304 (19.4) 0.005
Fasting glucose level, mg/dL 136.0+52.3 136.5+50.9 140.0+56.3 144.9+59.3 <0.001
Non-fasting glucose level, mg/dL 163.4+66.6 170.3+75.1 172.2+80.0 174.5+73.5 0.611

Values are presented as number (%), mean +standard deviation, or median (interquartile range). Percentage calculations do not include missing
values in denominator.

REGARDS, REasons for Geographic and Racial Differences in Stroke; SDOH, social determinants of health; HPSA, Health Professional Short-
age Area; SF-12, 12-Item Short Form Health Survey; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glo-
merular filtration rate.

*Social isolation from caregivers defined as participants who reported they had no one to care for them if they became ill, *Social isolation from
friends/family defined as those who have 0 or 1 friend/family that they have seen in the past month, ‘Range 0 to 100 with higher scores indicat-
ing better physical functioning, *Getting enough physical activity to work up a sweat on most days of the week.
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] | |
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Fig. 1. Number of social determinants of health (SDOH) and incidence of (A) composite endpoint, (B) myocardial infarction, (C)

stroke, and (D) cardiovascular death in the REasons for Geographic and Racial Differences in Stroke (REGARDS) study.

a greater burden of SDOH were more likely to be older, female, =~ SDOH and time to cardiovascular events

Black, have hypertension, have hyperlipidemia, use insulin,
and have poorer physical and mental functioning. Those par-
ticipants also had higher BMI, higher blood pressure, higher
total and HDL-C, C-reactive protein >3 mg/L, urinary albu-
min-to-creatinine ration >30 mg/g, and higher estimated glo-
merular filtration rate. The variables with the highest propor-
tion of missing data were dietary patterns (39.0%), income
(12.8%), and C-reactive protein values (7.3%).
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A total of 1,775 cardiovascular events were observed over a
median follow-up time of 8.7 years in participants with diabe-
tes at baseline. Of these, 194 events (23%) occurred among
participants with no SDOH, 387 (25%) occurred among par-
ticipants with one SDOH, 400 (30%) occurred among partici-
pants with two SDOH, and 490 (31%) occurred among partici-
pants with three or more SDOH. Age-adjusted incidence rates
of the composite endpoint and individual endpoints of stroke
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Minimally adjusted Fully adjusted
HR (95% CI)  P-value HR (95% CI) P-value
1 - 1 -

1.13(0.96,1.33) 0.14 1.01(0.85,1.19) 0.92
1.48 (1.26,1.74) <0.0001 1.19(1.01,1.40) 0.04
1.68 (1.43,1.96) <0.0001 1.27 (1.07,1.50)  0.01

1 - 1 -
0.83(0.64,1.07) 0.15 0.75(0.57,0.97) 0.03
0.98(0.86,1.27) 0.88 0.82(0.63,1.07) 0.14
1.02(0.79,1.32) 0.87 0.82(0.62,1.08) 0.17

1 - -
1.16 (0.86,1.56) 0.34 1.04(0.77,1.40) 0.81
1.37(1.02,1.83) 0.04 1.14(0.85,1.53) 0.39
1.58(1.18,2.11) 0.002 1.20(0.88,1.62) 0.25

1

1 - 1 -
1.59(1.17,2.15)  0.003 1.38(1.02,1.88) 0.04
2.42(1.81,3.23) <0.0001 1.80(1.34,2.41) 0.0001
2.90(2.17,3.87) <0.0001 1.98 (1.46,2.69) <0.0001

Fig. 2. Hazard ratios of composite endpoint, myocardial infarction (MI), stroke, and cardiovascular (CV) death from minimally
and fully adjusted models, by number of social determinants of health (SDOH), in the REasons for Geographic and Racial Differ-
ences in Stroke (REGARDS) study. Black square=tfully adjusted; white circle=minimally adjusted. Minimally adjusted model ad-
justs for age and sex. Fully adjusted model adjusts for sociodemographics, medical conditions, medications, health status, health
behaviors, and physiological factors. HR, hazard ratio; CI, confidence interval.

and cardiovascular death increased with increasing numbers of
SDOH (Fig. 1). The incidence of the composite endpoint was
1.5 times higher for those with >3 SDOH (38.7/1,000 person-
years) compared with those without any SDOH (25.9/1,000
person-years). As the number of SDOH increased, participants
had a progressively lower survival probability (Supplementary
Fig. 2). The log-rank test P value was <0.0001 for differences in
survival among the different SDOH groups.

Number of SDOH and hazard of cardiovascular events

In a fully adjusted model, the presence two or more SDOH sig-
nificantly increased the risk of CVD events (hazard ratio [HR],
1.19; 95% confidence interval [CI], 1.01 to 1.40 for two SDOH;
HR, 1.27; 95% CI, 1.07 to 1.50 for >3 SDOH) (Fig. 2). There
was no association for incident or recurrent MI or stroke. How-
ever, there was a graded association for cardiovascular death
beginning at one SDOH (HR, 1.38; 95% CI, 1.02 to 1.88 for one
SDOH; HR, 1.80; 95% CI, 1.34 to 2.41 for two SDOH; HR, 1.98;
95% CI, 1.46 to 2.69 for >3 SDOH). The stepwise results of the
modeling process, adjusting for demographic characteristics,
medical conditions, medication use, functional status, health
behaviors, and physiologic factors, are presented in Supple-
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mentary Table 1. Addition of medical conditions, functional
status, and physiologic factors produced the largest attenuation.
There were no interactions between the composite endpoint
and age, gender, and insulin use (P>0.10). There was an inter-
action between history of CVD and the composite endpoint
(P=0.03) and a stratified analysis is presented in Supplementa-
ry Table 2.

DISCUSSION

In this study of a national, biracial prospective cohort of indi-
viduals with diabetes, we observed an increased risk of cardio-
vascular events (MI, stroke, or cardiovascular death) with an
increasing number of SDOH. The incidence of cardiovascular
events in individuals with two SDOH was nearly 50% higher
and with >3 SDOH was 68% higher than in those with no
SDOH. In a fully adjusted model, individuals with two SDOH
had a 19% higher and >3 SDOH had a 27% higher risk of car-
diovascular events compared with those with none. The mech-
anism through which SDOH exerted their influence may have
been in part due to the greater burden of chronic medical con-
ditions, lower functional status, and worse risk factor control
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among those with a greater burden of SDOH, but SDOH
maintained an independent association even after controlling
for these factors. Similar patterns were seen individually for
stroke and cardiovascular death, but not for MI.

Prior studies of SDOH and their influence on diabetes out-
comes have primarily focused on measures of diabetes man-
agement, such as glycemic control, blood pressure, and choles-
terol [6,7]. A systematic review by Walker et al. [7] found that
when categorizing by the Healthy People 2020 framework,
most studies investigating SDOH and diabetes outcomes tend-
ed to examine economic stability, social and community con-
text, and health and health care, while fewer investigated edu-
cation or neighborhood and built environment, and no studies
investigated all five categories simultaneously. Recent studies
have examined SDOH and measures of diabetes control, but
few have examined SDOH and risk for cardiovascular events
[23-28]. By examining the cumulative burden of SDOH and its
association with cardiovascular events, our study offers a
broader look at how social disadvantage can affect cardiovas-
cular risk in individuals with diabetes beyond the known bur-
den of chronic diseases and physiologic factors.

Our study also elucidates the high burden of chronic disease
in individuals with diabetes and its impact on cardiovascular
outcomes, especially for those with multiple SDOH. Diabetes is
a well-known risk factor for CVD, including coronary heart
disease and stroke [29-32]. Previous REGARDS research has
demonstrated the age-adjusted incidence for fatal coronary
heart disease in the general study population to be far below the
incidence demonstrated in this study of individuals with diabe-
tes only. Although not a direct comparison, as our study exam-
ined cardiovascular death encompassing events beyond coro-
nary heart disease, the incidence of cardiovascular death in our
study was five times higher than the incidence of fatal coronary
heart disease in the general study population with no SDOH
(6.6 vs. 1.3/1,000 person-years) and increasing to nearly six
times higher in individuals with >3 SDOH (17.0 vs. 2.9/1,000
person-years) [10]. This increase in incidence across groups of
SDOH may also imply that an increasing number of SDOH is
further contributing to the risk of cardiovascular death events
in individuals with diabetes.

In our analyses, we found a graded association between the
number of SDOH and the risk of cardiovascular events in indi-
viduals with diabetes, consistent with previous REGARDS
studies, which have demonstrated greater risk of incident fatal
coronary heart disease, stroke, and heart failure with increased
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number of SDOH in the general population [9,10,14]. Several
psychological, behavioral, and biological mechanisms have
been hypothesized for the impact of SDOH on cardiovascular
health, and our study demonstrated evidence of these influ-
ences [33]. Chronic negative psychological states including
stress, depression, anxiety, or isolation, may result in dysregu-
lation of the autonomic nervous system and increased allostat-
ic stress response [34-36]. Two of the main SDOH included in
our study examined social isolation from friends, family, or
caregivers, which when added together, may further aggregate
into psychological mechanisms for worse CVD outcomes. In
diabetes, behavioral mechanisms may have a particularly large
impact, as diabetes is a chronic disease requiring regular glu-
cose control and medication adherence [37].

Over the past two decades, the mortality and incidence of
CVD events has declined substantially among individuals with
diabetes, likely due to advances in integrated care of patients
with chronic diseases, improved patient education, and im-
proved management of risk factors such as hypertension, cho-
lesterol, and glycemic control [38]. In our study, individuals
with >3 SDOH had a hazard of 1.68 that reduced to 1.27 after
adjusting for risk factors such as medical conditions, medica-
tions, health behaviors, and physiologic factors. However, our
study also demonstrates the magnitude of the residual risk not
attributable to those risk factors. Assessing these SDOH vul-
nerabilities may help identify high-risk individuals who can be
targeted for intervention. Incorporating SDOH into risk pre-
diction tools for CVD in diabetes could aid clinicians in fur-
ther identifying individuals vulnerable to CVD events. Exist-
ing tools rely mostly on clinical and physiologic characteristics
such as glycemic control, blood pressure, and medication use,
with only the QRISK2 score incorporating the Townsend so-
cial deprivation score [39-43]. As such, further expanding risk
assessment tools to incorporate SDOH may increase their pre-
dictive value. Population health managers may also be able to
use a simple count of SDOH to identify individuals at greatest
need of intervention.

In our study, individuals with greater number of SDOH had
higher levels of antihypertensive medication use and lower lev-
els of statin use, which provides an interesting insight into how
health system interventions can impact individuals. Previous
REGARDS research demonstrated that only 54% of Black
women who have indications for statin prescriptions are actu-
ally prescribed the medication compared to 66% of White men
[11]. As seen in Table 2, the proportion of both men and White
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individuals decreases as SDOH increase. Therefore, the higher
population of black individuals in our population with a great-
er number of SDOH may drive lower rates of hyperlipidemia,
as it is historically underdiagnosed in the population, as well as
the lower level of statin prescriptions as they are also histori-
cally less likely to be prescribed statins even when indicated.
When comparing the use of antihypertensive medications to
statin medications, research has shown that there has been
much more increasing awareness and treatment of hyperten-
sion across all racial groups, especially with the Healthy People
campaigns [44,45]. Our results both reflect the prior success of
health system interventions on hypertension yet also highlight
the persistent need for systematic interventions for atheroscle-
rotic disease prevention.

Our study’s strengths include a large, national sample with
rigorously collected data and adjudicated cardiovascular end-
points, as well as the collection of multiple SDOH across all
five domains of the Healthy People framework. The limitations
of our study include the use of some self-reported variables in
data collection, as well as the use of SDOH characteristics from
the baseline survey of participants, which may have occurred
several years before cardiovascular events. The study was also
observational in nature, and causal inferences cannot be made.
In addition, although we found a graded association for the
composite endpoint (which included both incident and recur-
rent events) and stroke and cardiovascular death individually,
there was no association between number of SDOH and MI in
the minimally or fully adjusted models. This lack of association
is difficult to explain and has not been seen in previous RE-
GARDS studies examining incident nonfatal M, thus present-
ing an area for further investigation [10]. Last, no direct mea-
sures of diabetes duration or severity were available, thus since
this sample of older adults includes T2DM patients, we used
insulin as a proxy for duration and severity.

In conclusion, we found a graded association between num-
ber of SDOH and risk of CVD events in individuals with dia-
betes, independent of a host of covariates including demo-
graphics, medical conditions, and other physiologic factors.
These findings suggest that SDOH have an independent effect
on cardiovascular events in individuals with diabetes, beyond
measures of diabetes control such as glycemic control and
blood pressure management. Counting and aggregating SDOH
in individuals with diabetes may help elucidate those at higher
risk of experiencing or dying from CVD events, allowing clini-
cians, healthcare professionals, and population health manag-
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ers to target and intervene in those most vulnerable to poor
health outcomes.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found on-
line at https://doi.org/10.4093/dmj.2023.0380.
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