BM) Open
Diabetes

Research
& Care

To cite: Chang R, Philip J,
Javed U, et al. Unfavorable
social determinants of health
and risk of mortality in adults
with diabetes: findings from
the National Health Interview
Survey. BMJ Open Diab Res
Care 2024;12:¢003710.
doi:10.1136/
bmjdrc-2023-003710

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/bmjdrc-2023-
003710).

Received 18 August 2023
Accepted 23 December 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2024. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Ryan Chang;
rchang2019@gmail.com

Open access Original research

Unfavorable social determinants of
health and risk of mortality in adults
with diabetes: findings from the
National Health Interview Survey

Ryan Chang

Khurram Nasir,>%'° Zulgarnain Javed®*®

ABSTRACT

Introduction Understanding the role of social
determinants of health as predictors of mortality in adults
with diabetes may help improve health outcomes in this
high-risk population. Using population-based, nationally
representative data, this study investigated the cumulative
effect of unfavorable social determinants on all-cause
mortality in adults with diabetes.

Research design and methods We used data from

the 2013-2018 National Health Interview Survey, linked
to the National Death Index through 2019, for mortality
ascertainment. A total of 47 individual social determinants
of health were used to categorize participants in quartiles
denoting increasing levels of social disadvantage. Poisson
regression was used to report age-adjusted mortality
rates across increasing social burden. Multivariable Cox
proportional hazards models were used to assess the
association between cumulative social disadvantage and
all-cause mortality in adults with diabetes, adjusting for
traditional risk factors.

Results The final sample comprised 182445 adults, of
whom 20079 had diabetes. In the diabetes population,
mortality rate increased from 1052.7 per 100000 person-
years in the first quartile (Q1) to 2073.1 in the fourth
quartile (Q4). In multivariable models, individuals in Q4
experienced up to twofold higher mortality risk relative

to those in Q1. This effect was observed similarly across
gender and racial/ethnic subgroups, although with a
relatively stronger association for non-Hispanic white
participants compared with non-Hispanic black and
Hispanic subpopulations.

Conclusions Cumulative social disadvantage in
individuals with diabetes is associated with over twofold
higher risk of mortality, independent of established

risk factors. Our findings call for action to screen for
unfavorable social determinants and design novel
interventions to mitigate the risk of mortality in this high-
risk population.

INTRODUCTION

Over 1 in 10 adults in the USA suffer from
diabetes, a leading cause of morbidity and
mortality globally.! * Diabetes is an estab-
lished risk factor for cardiovascular disease,
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Adverse social determinants of health (SDOH) are
associated with increased risk of diabetes and mor-
tality; however, it remains unknown how cumulative
social burden affects mortality risk in people with
diabetes.

WHAT THIS STUDY ADDS

= This study found that, in adults with diabetes, those
experiencing the highest level of social disadvan-
tage—assessed using 47 individual SDOH—had
over twofold higher mortality risk, compared with
those with the most favorable SDOH profiles.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings highlight SDOH as a robust predictor
of mortality in adults with diabetes, independent of
traditional risk factors, and demonstrate the need
to improve SDOH screening in order to identify
high-risk patient populations and inform efforts to
address SDOH and mitigate persistent disparities in
mortality.

chronic kidney disease, and vision disability,
and often occurs alongside traditional risk
factors including obesity and hypertension.’
Diabetes, with its numerous complications,
significantly increases a person’s risk of
morbidity and mortality and is among the top
10 leading causes of death in the USA.*
Increasing evidence points to social deter-
minants of health (SDOH) as upstream
drivers of persistent inequities in diabetes
and associated cardiovascular events and
all-cause mortality.” ® Multiple unfavor-
able SDOH, such as low income, poor
access to healthcare, and food insecurity,
among others, have been associated with
diabetes and contribute to worse health
outcomes.” ® However, existing approaches
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Table 1 Descriptive characteristics by diabetes status from

the National Health Interview Survey 2013-2018

No diabetes Diabetes
Sample (n) 162366 20079
Weighted sample 215015330 (90.3) 23211567 (9.7)

(weighted %)
Age category, n (weighted %)

18-39 60460 (42.0)

40-64 66007 (41.5)

65+ 35899 (16.6)
Sex, n (weighted %)

Male 72731 (47.9)

Female 89635 (52.1)

Race/ethnicity, n (weighted %)
Non-Hispanic white 107 874 (65.9)

1303 (8.0)
8929 (49.5)
9847 (42.4)

9384 (50.5)
10695 (49.5)

12139 (61.5)

Non-Hispanic black 19870 (11.7) 3612 (15.5)
Non-Hispanic Asian 9045 (5.9) 856 (5.0)
Hispanic 23663 (15.6) 3049 (16.2)
Other 1914 (0.9) 423 (1.8)
CREF profile, n (weighted %)
Optimal 71763 (47.0) 2313 (12.5)
Average 61328 (36.7) 7597 (38.5)
Poor 28585 (16.3) 10079 (49.0)
Comorbidities, n (weighted %)
0 109777 (71.6) 6473 (35.4)
1 37350 (20.7) 7303 (35.7)
>2 15239 (7.7) 6303 (28.9)
SDOH quartile, n (weighted %)
Q1 43054 (28.9) 3833 (21.1)
Q2 43787 (26.5) 4835 (23.8)
Q3 36992 (22.5) 4864 (23.4)
Q4 38533 (22.1) 6547 (31.7)

CREF, cardiovascular risk factor; SDOH, social determinants of
health.

to assess mortality risk are predominantly based on
“clinical” risk prediction algorithms which account
for traditional measures of socioeconomic well-being,
such as education or income, without a holistic assess-
ment of cumulative social disadvantage across multiple
SDOH domains.” Current frameworks to capture SDOH
burden are either based on solitary measures of indi-
vidual SDOH or indices that capture a limited number
of social determinants without due attention to the
interconnected nature of SDOH across established
domains.® ¥ ' In addition, such indices have mostly
been developed in subgroups without diabetes or in
the general population,'’ and predict non-mortality
endpoints.'”” To our knowledge, comprehensive SDOH
indices have not been used to capture cumulative social

3

disadvantage and assess mortality risk in adults with
diabetes.

SDOH do not exist in silos; rather, they interact with
each other and impact distal health outcomes. Despite the
known association between SDOH and diabetes, SDOH
and mortality, and diabetes and mortality, the extent to
which cumulative social disadvantage may explain vari-
ation in mortality risk in adults with diabetes has not
been previously investigated. Similarly, racial/ethnic and
gender disparities in both diabetes and mortality are well
documented."” However, possible demographic dispari-
ties in the association between SDOH and mortality in
adults with diabetes have not been studied to date.

In this population-based study, we sought to examine
the impact of cumulative social disadvantage—measured
using a comprehensive, validated SDOH framework—on
all-cause mortality in a nationally representative sample
of US adults with diabetes. We also assessed potential
racial/ethnic and gender disparities in the SDOH-
mortality association.

METHODS

Data source and study design

This study used data from the 2013-2018 National Health
Interview Survey (NHIS), linked to the National Death
Index (NDI) for adults 218 years. The NHIS, collected by
the National Center for Health Statistics in the Centers
for Disease Control and Prevention, comprises a series
of annual cross-sectional national surveys, which feature
complex, multistage sampling to provide estimates on
the non-institutionalized US population.'* ' The NHIS
questionnaires collect information at the household,
family, and personal levels, and are divided into four
core components: household composition, family core,
sample child core, and sample adult core.'* Data from
NHIS 2013-2018 were used due to the richness of SDOH
information collected during this time, resulting in a
comprehensive list of 47 SDOH variables.'® 17

We used NDI data for mortality follow-up through
2019, which represent the most current data on mortality
that are linkable to the NHIS." With over 100million
death records, the NDI is the most complete source of
mortality data in the USA, containing all death records
for all 50 states and District of Columbia starting from
1979." The NDI uses the following identifiers for linkage
to NHIS: social security number, first name, last name,
father’s surname, date of birth, sex, race, and state/
country of birth and residence. In the NDI, participants
are followed quarterly per year for mortality ascertain-
ment. Participant eligibility for linkage and inclusion in
the linked data set was contingent on the availability and
completeness of all aforementioned identifiers.

In this study, baseline was defined as the index quarter/
year of survey participation for each NDI-linked NHIS
participant, and October—-December 2019 was used as the
quarter/year of last follow-up. Additional methodological
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Table 2 Descriptive characteristics by SDOH quartiles in adults with diabetes from the National Health Interview Survey

2013-2018

SDOH-Q1

SDOH-Q2

SDOH-Q3

SDOH-Q4

Sample (n) 3833
Weighted sample (weighted %) 4903809 (21.1)
Age category, n (weighted %)

18-39 192 (6.0)

40-64 1450 (43.1)

65 and above 2191 (50.8)
Sex, n (weighted %)

Male 2185 (59.8)

Female 1648 (40.2)
Race/ethnicity, n (weighted %)

Non-Hispanic white 2888 (76.6)

Non-Hispanic black 459 (10.7)

Non-Hispanic Asian 206 (5.6)

Non-Hispanic other 55 (1.1)

Hispanic 225 (5.9)
CREF profile, n (weighted %)

Optimal 591 (16.3)

Average 1534 (40.5)

Poor 1663 (43.2)
Comorbidities, n (weighted %)

0 1387 (38.2)

1 1431 (36.4)

>2 1015 (25.4)

CREF, cardiovascular risk factor; SDOH, social determinants of health.

considerations for the NHIS-NDI data linkage have been
reported in detail elsewhere.'"™!

Participants

This study included all 2013-2018 NHIS participants 218
years of age with available death record information in the
NDI (n=190113). Participants with an invalid response to
the diabetes screening question, unavailable information
on death status, or insufficient identifying data (n=7668)
were not eligible for linkage to NHIS and were therefore
excluded from the study population.

Primary exposure

Social disadvantage, measured using quartiles of aggre-
gate SDOH burden, was the primary exposure variable.
We adapted the SDOH framework proposed by the
Kaiser Family Foundation (KFF)** and Healthy People
2030 (HP2030)," organizing available SDOH informa-
tion into six domains: (1) economic stability; (2) neigh-
borhood, physical environment, and social cohesion; (3)
community and social context; (4) food; (5) education;
and (6) healthcare system. The KFF and HP2030 frame-
works have been used and adapted widely in research
and policy implementation settings to study disparities in

4835
5515059 (23.8)

4864
5432465 (23.4)

6547
7360233 (31.7)

212 (6.0) 331 (8.9) 568 (10.3)
1598 (39.1) 2083 (48.4) 3798 (62.5)
3025 (54.9) 2450 (42.7) 2181 (27.2)
2422 (53.4) 2193 (49.1) 2584 (43.1)
2413 (46.6) 2671 (50.9) 3963 (56.9)
3387 (70.1) 2862 (59.4) 3002 (46.4)
743 (13.0) 920 (15.9) 1490 (20.3)
190 (4.4) 236 (6.1) 224 (4.1)

80 (1.6) 112 (1.9) 176 (2.3)

435 (10.8) 734 (16.7) 1655 (26.9)
648 (13.2) 535 (13.2) 539 (8.9)

2021 (42.0) 1869 (38.7) 2173 (34.3)
2147 (44.8) 2446 (48.2) 3823 (56.7)
1498 (33.7) 1620 (37.2) 1968 (33.4)
1853 (37.8) 1716 (34.1) 2303 (34.8)
1484 (28.4) 1528 (28.6) 2276 (31.8)

diverse health outcomes. A list of 47 individual SDOH
was constructed across the six domains (online supple-
mental eTable 1). Each SDOH was classified as either
favorable or unfavorable and assigned a value of 0 or 1,
respectively (eg, “0” for middle/high-income and “1”
for low-income). An aggregate SDOH index was created
by combining the 47 individual SDOH and dividing the
range of values of the resulting index into quartiles, with
the most favorable (ie, lowest) SDOH scores in the first
quartile (Ql) and the most unfavorable (ie, highest)
scores in the fourth quartile (Q4).

Diabetes
Diabetes was assessed using the following question: “have
you ever been told by a doctor or other health profes-
sional that you have diabetes (or sugar diabetes)?” Partic-
ipants who responded “yes” were classified as having
diabetes.

Mortality

All-cause mortality, ascertained using death certificate
records in the NDI, was the outcome event of interest. A
participant was defined as dead if identified as “deceased”
in the NDI during the study follow-up period. Cause of
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Figure 1

Distribution of individual SDOH characteristics by diabetes status. While people with diabetes were more likely to

be insured than those without diabetes, they were also more likely to experience the other adverse conditions, such as limited
transportation, food insecurity, and low-income status. All differences listed were statistically significant, with p values <0.001.
Not all 47 SDOH are shown (see online supplemental eTable 1 for the full list). SDOH, social determinants of health.

death was determined using the International Classifica-
tion of Diseases, Ninth and Tenth Revisions.

Covariates
Relevant covariates included sex (male and female);
race/ethnicity (non-Hispanic white (NHW), non-

Hispanic black (NHB), non-Hispanic Asian, Hispanic,
and other); cardiovascular risk factor (CRF) profile,
including hypertension, diabetes mellitus, smoking, and
obesity (body mass index >30kg/ m?); and comorbidity
profile, including atherosclerotic cardiovascular disease
(ASCVD), chronic obstructive pulmonary disease,
cancer, and chronic kidney disease. ASCVD was defined
as a composite of coronary heart disease, angina, myocar-
dial infarction, and stroke. CRF conditions and comor-
bidities were constructed as binary (yes/no) variables
and aggregated to create separate indices, categorized as
0 (optimal), 1-2 (average), or 23 (poor) for CRF and 0,
1, or 22 comorbidities. All covariates were self-reported
and obtained from the NHIS Sample Adult Core Ques-
tionnaire.'?*

Statistical analyses
Baseline participant characteristics were reported by
diabetes status in the total population and by quartiles of

SDOH burden in adults with diabetes. We also reported
the distribution of individual SDOH in adults with and
without diabetes. Weighted proportions were generated
to report nationally representative estimates. Statisti-
cally significant differences in participant characteristics
were assessed using X2 tests. Poisson regression was used
to generate age-adjusted mortality rates (AAMR) per
100000 person-years (PYs) and 95% CI for each SDOH
quartile, overall and by subgroups of interest, including
sex, race/ethnicity, and comorbidity burden in adults
with diabetes. For comparison, we also presented AAMR
in the population without diabetes (online supplemental
eTable 2).

Survival time was modeled as the number of years of
follow-up from baseline (index quarter/year of survey
participation) to death or end of study period (December
31,2019), whichever came first, with a maximum follow-up
time of 6 years. The proportional hazards assumption was
checked by inspecting the log-log plots of survival (plots
of In(-In[S(t)]) [log(-log) survival function] against
survival time) for the primary exposure variable (SDOH
quartiles), adjusted for study covariates. Plots for each
quartile were found to be approximately parallel, thus
satisfying the assumption of proportionality.
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Kaplan-Meier survival curves were generated to esti-
mate survival probability by SDOH quartiles in the total
population and in adults with and without diabetes
(online supplemental eFigure 1). Multivariable Cox
proportional hazards regression models were used to
derive adjusted HR (aHR) and 95%CI for all-cause
mortality, overall and by sex and race/ethnicity in adults
with diabetes. Four models were tested: model 1 adjusted
for age; model 2 adjusted for age, sex, and race/ethnicity;
model 3 adjusted for age, sex, race/ethnicity, and CRFs;
model 4 adjusted for age, sex, race/ethnicity, CRFs, and
comorbidities.

RESULTS

Descriptive characteristics

The final analytical sample comprised 182445 adults >18
years of age, of whom 20079 (11%) had a diagnosis of
diabetes. Table 1 highlights the relevant demographic
and clinical characteristics of the study population. Partic-
ipants with diabetes were older (mean age in years (SD):
61 (16.3) vs 46 (10.2); 42.4% over 65 vs 16.6%) and more
likely to be male (50.5% vs 47.9%) and NHB (15.5% vs
11.7%) than their counterparts without diabetes. Simi-
larly, those with diabetes had worse CRF profiles (poor
CRF: 49.0% vs 16.3%) and higher comorbidity burden
(>2 comorbidities: 28.9% vs 7.7%).

Among adults with diabetes, young and middle-aged,
female, NHB, and Hispanic individuals were more
likely to experience high levels of social disadvantage
(SDOH-Q3/Q4), whereas NHW, male, and elderly
individuals reported relatively favorable social profiles
(SDOH-Q1/Q2) (table 2). Similarly, those with worse
CRF profiles and higher comorbidity burden reported
higher burden of unfavorable SDOH, relative to those
with favorable clinical profiles.

AAMR in Adults with Diabetes, Total and by Sex
3000

2539.6
2500

2254.2

20731 2040.9

2000 1894.6
1752.8 17728
1573.5
1500 14247
11916
1052.7
1000
8318
o I
Total

Male Female

AAMR (per 100,000 PYs)

g
8

mSDOH-Q1 WSDOH-Q2 mWSDOH-Q3 = SDOH-Q4

AAMR (per 100,000 PYs)

The distribution of individual SDOH characteristics
by diabetes status is presented in online supplemental
eTable 1. Individuals with diabetes had a higher burden
of unfavorable SDOH across nearly all domains. Adults
with diabetes were more likely to experience lower
educational attainment and household income, poor
access to healthcare, food insecurity, and live in disad-
vantaged neighborhoods compared with those without
diabetes (figure 1). Kaplan-Meier survival plots showed
decreasing probability of survival with increasing levels
of social disadvantage (online supplemental eFigure 1).
Adults with diabetes had lower probability of survival
than their counterparts without diabetes at all levels of
SDOH burden.

Age-adjusted mortality rates

In individuals with diabetes, AAMR increased signifi-
cantly with higher SDOH burden, from 1052.7 (95% CI
884.9, 1220.5) per 100 000 PYs in SDOH-QI to 2073.1
(95% CI 1827.2, 2319.0) per 100 000 PYs in SDOH-Q4.
Similar patterns were observed across demographic and
clinical subgroups (figure 2). Overall, mortality rates
were higher for male, NHW participants, and those
with poor CRF profiles or higher comorbidity burden,
relative to female, Hispanic participants, and those with
favorable CRF and comorbidity profiles, respectively. For
nearly each sociodemographic and clinical subgroup,
AAMR increased by 1.5-fold to 2-fold from SDOH-QI to
SDOH-Q4.

In the supplementary analyses, we found that mortality
rates were generally higher for participants with diabetes
compared with those without diabetes, overall and
across sociodemographic and clinical strata. Patterns of
mortality across SDOH quartiles were observed similarly
for both groups, with people with diabetes facing sharper

AAMR in Adults with Diabetes, by Race/Ethnicity
3000

2500 2449.8

2194.8
2131.2

2000 1884.8
1500
11164
1000 I
0
NHW

1909.4
1688.7

NHB.

mSDOH-Q1 WSDOH-Q2 WSDOH-Q3 w SDOH-Q4

1407

1224

Hispanic

10825

1000.2

6412

a
g
8

Figure 2 Age-adjusted mortality rates in adults with diabetes. (A)AAMR, total and by sex in adults with diabetes. (B)AAMR by
race/ethnicity in adults with diabetes. In individuals with diabetes, AAMR increased with higher SDOH burden, with significant
differences between Q1 and Q4 for various demographics. (A) AAMR nearly doubled for both male and female participants in
Q4 compared with their counterparts in Q1. (B) Differences in AAMR by race/ethnicity. While Hispanic and non-Hispanic black
individuals had lower overall mortality rates, the association between higher SDOH burden and increased mortality risk was still
present. AAMR, age-adjusted mortality rate; PY, person-years; Q1, first quartile; Q4, fourth quartile; SDOH, social determinants

of health.
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Table 3 SDOH and risk of mortality in adults with diabetes from the National Health Interview Survey 2013-2018

HR for all-cause mortality

Model 1* Model 2 Model 3 Model 4§
SDOH quartiles HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Total (diabetes) population Q1 Ref Ref Ref Ref
Q2 1.66 (1.37,2.01) 1.73(1.43,2.10) 1.74(1.43,2.11) 1.70(1.40, 2.06)
Q3 1.79 (1.48,2.17) 2.00 (1.66,2.42) 2.00(1.65,2.42) 1.89 (1.56, 2.29)
Q4 1.97 (1.62,2.38) 2.37(1.94,2.90) 2.42(1.98,2.96) 2.11(1.72,2.58)
Subgroup analysis
Sex
Male Q1 Ref Ref Ref Ref
Q2 1.69 (1.833,2.14) 1.74(1.37,2.20) 1.75(1.38,2.23) 1.71(1.35,2.18)
Q3 1.94 (1.52,2.48) 2.09 (1.64,2.66) 2.12(1.66,2.71) 2.01(1.57, 2.57)
Q4 2.32(1.83,2.93) 2.69(2.11,3.44) 2.80(2.19,3.59) 2.48(1.94, 3.18)
Female Q1 Ref Ref Ref Ref
Q2 1.72(1.21,2.43) 1.70(1.20,2.41) 1.70(1.19,2.42) 1.66(1.17,2.35)
Q3 1.78(1.25,2.53) 1.85(1.30,2.63) 1.82(1.27,2.60) 1.70(1.19, 2.44)
Q4 1.91 (1.34,2.72) 2.02 (1.40,2.91) 2.01(1.40,2.91) 1.71(1.18,2.47)
Race
Non-Hispanic white Q1 Ref Ref Ref Ref
Q2 1.70 (1.37,2.11) 1.76 (1.42,2.19) 1.77 (1.42,2.20) 1.74 (1.39, 2.18)
Q3 1.98 (1.59,2.47) 2.10(1.68,2.61) 2.11(1.69,2.64) 2.01 (1.60, 2.51)
Q4 2.42 (1.90,3.08) 2.64(2.07,3.36) 2.72(2.13,3.47) 2.42(1.90, 3.08)
Non-Hispanic black Q1 Ref Ref Ref Ref
Q2 1.08 (0.66, 1.77) 1.11(0.68,1.82) 1.09 (0.66, 1.78)  0.95 (0.58, 1.56)
Q3 1.35(0.83,2.19) 1.40(0.86,2.28) 1.34(0.81,2.20) 1.19(0.73, 1.96)
Q4 1.36 (0.85,2.18) 1.47(0.91,2.38) 1.43(0.88,2.32) 1.12(0.69, 1.82)
Hispanic Q1 Ref Ref Ref Ref
Q2 1.57 (0.63, 3.93) 1.57 (0.63,3.90) 1.64 (0.64,4.21) 1.71(0.68, 4.29)
Q3 1.23(0.52,2.92) 1.24(0.52,2.95) 1.26(0.50,3.13) 1.23(0.50, 3.01)
Q4 1.66 (0.76, 3.61) 1.68 (0.77,3.65) 1.72(0.75,3.97) 1.58 (0.69, 3.63)

*Adjusted for age.

TAdjusted for age, sex, and race/ethnicity.
FAdjusted for age, sex, race/ethnicity, and cardiovascularrisk factors.
§Adjusted for age, sex, race/ethnicity, cardiovascularrisk factors, and comorbidities.
Ref, reference; SDOH, social determinants of health.

increases in mortality risk at higher levels of SDOH
burden (online supplemental eTable 2).

Multivariable regression

Cox proportional hazard regression models demon-
strated a consistent association between SDOH burden
and mortality risk, independent of demographic and clin-
ical covariates (table 3). In adults with diabetes overall,
individuals in SDOH-Q4 experienced up to twofold
higher risk of mortality, relative to those in SDOH-QI1
(aHR, Q4=2.37, 95% CI 1.94, 2.90). While the observed
association was somewhat attenuated by clinical risk
factors (models 3 and 4), higher social disadvantage was
consistently associated with higher mortality risk, with

risk increasing in a stepwise manner across increasing
quartiles of SDOH burden.

Higher social disadvantage was associated with higher
hazards of mortality for both male and female participants
and for each racial/ethnic subgroup. Being in SDOH-Q4
was associated with 2-fold to nearly 2.5-fold higher risk of
mortality for both male and female participants compared
with those in Q1. Unfavorable SDOH burden was signifi-
cantly associated with higher risk of mortality for only
NHW participants. We found a significant interaction
effect between race and SDOH (p for interaction=0.04);
in models adjusted for age, sex, race/ethnicity, and CRFs
(model 3), NHW individuals in SDOH-Q4 experienced
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over 2.5-fold higher risk of mortality (aHR=2.72, 95% CI
2.13, 3.47), whereas NHB and Hispanic adults in the same
quartile (Q4) experienced approximately 1.5-fold higher
hazard of mortality, relative to those in Q1; however, the
estimates for the latter did not achieve statistical signif-
icance (NHB: aHR=1.43, 95% CI 0.88, 2.32; Hispanic:
aHR=1.72, 95% CI 0.75, 3.97).

DISCUSSION

In this nationally representative study, we found that
adults with diabetes generally experience greater burden
of unfavorable SDOH compared with their counter-
parts without diabetes, and that higher SDOH burden
is an independent risk factor for all-cause mortality in
this population. Despite the known association between
diabetes and mortality, as well as increasing evidence of
the role of SDOH in explaining disparities in diabetes,
relatively little is known about the effect of SDOH on
all-cause mortality in the diabetes population.® This
is the first large-scale, nationally representative study,
to our knowledge, to examine the role of cumulative
social disadvantage—experienced across multiple SDOH
domains—in determining mortality risk in adults with
diabetes.”

Previous research has reported the association between
adverse SDOH and diabetes risk, while protective factors
such as social support have been shown to mitigate this
risk somewhat.** Diabetes is also linked with low socioeco-
nomic status, environmental risk factors, poor access to
healthcare, and food insecurity.® However, prior studies
have not assessed the association between cumulative
social disadvantage and mortality in a national sample of
adults with diabetes in the USA. Furthermore, prior work
assessing aggregate SDOH burden and clinical outcomes
is primarily based on a relatively small number of SDOH,
is focused on the general population or defined clinical
subgroups other than diabetes, or assesses non-mortality
outcomes.” ** A comprehensive SDOH index, as used
in this study, may inform future development of holistic
social risk assessment approaches and evidence-based,
individualized social support interventions.”” In contrast
to prior reports, ours is the first nationally representative
study to comprehensively describe the burden of social
disadvantage experienced by adults with diabetes and
the extent to which it predicts mortality in this popu-
lation. We found that, at each SDOH quartile, people
with diabetes faced 1.5-fold to 2-fold higher AAMR than
people without diabetes. Furthermore, higher SDOH
burden was associated with over twofold increased risk
of mortality in adults with diabetes, with the highest risk
attributable to the highest degree of social disadvantage
(SDOH-Q4). This pattern was observed similarly across
race and sex, although with a stronger association for
male and NHW adults.

Various pathways may explain the association between
SDOH and diabetes observed in this study. Limited
green space and exposure to environmental risk

factors can increase the risk of diabetes and subsequent
mortality.® It is thought that low health literacy, which
is often associated with low educational attainment,
may further contribute to the link between low socio-
economic status and poor diabetes outcomes.”® Low
income status and limited availability of nutritious food
can also promote food insecurity, which is a significant
risk factor for developing diabetes and experiencing
associated complications like hypertension and cardio-
vascular disease.” Additionally, low socioeconomic
status is associated with poor glycemic control, which
may further contribute to the observed link between
adverse SDOH and increased mortality risk among
people with diabetes.”” Future work can elucidate how
various SDOH influence risk of diabetes, subsequent
mortality, or both.

We found a relatively weaker SDOH effect on mortality
for Hispanic and non-Hispanic black participants, which
merits additional study. This finding may be explained
by the higher burden of diabetes in Hispanic and NHB
participants (relative to NHW participants), potentially
attenuating the SDOH effect on mortality to a greater
extent for Hispanic and NHB subgroups, relative to
NHW subgroups. The weaker association for Hispanic
individuals may also be attributed to lower overall all-
cause mortality rates in this population, possibly contrib-
uting to relatively lower power for mortality assessment,
especially given that mortality was assessed across four
separate SDOH levels (Q1-Q4).”' While prior studies
have pointed to potential health benefits of community
support systems in this population, additional study is
needed to fully understand potential racial/ethnic vari-
ation in community support systems, social networks,
and neighborhood-level factors, with implications for
coping with adverse SDOH and affecting downstream
mortality risk.” We also found a relatively stronger
SDOH-mortality association for male compared with
female individuals, which may be attributable to the
higher overall mortality rate and higher prevalence of
diagnosed and undiagnosed diabetes in the former.”
Additional research is warranted to fully understand
the correlates and potential mediators of the “SDOH
effect” on mortality in diverse gender and racial/ethnic
subgroups.

While SDOH play large roles in determining the risk
of diabetes, the reverse relationship is also worth noting.
Indeed, individuals with diabetes are more likely to
experience financial toxicity—defined as the negative
financial consequences associated with disease—due to
increased medical costs from clinical visits, medication,
and treatment equipment.”** This bidirectional relation-
ship may explain the greater burden of adverse SDOH
on people with diabetes. Thus, our study underscores
the importance of addressing socioeconomic barriers to
diabetes prevention and treatment, whether it is through
promotion of affordable insulin programs or reduction
of insulin costs.”
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Strengths and limitations

This study’s strengths lie in its large, nationally represen-
tative sample size and the application of a comprehensive
SDOH framework comprising over 40 SDOH variables
across six established domains to capture social disad-
vantage. Additionally, use of data from the NHIS and
NDI—the principal sources of health and mortality infor-
mation in the USA—enables generalizability of our find-
ings to the adult US population with diabetes. We used
multiple multivariate models to adjust for traditional risk
factors of diabetes and/or cardiovascular disease, as well
as established clinical predictors of mortality (such as
cancer and ASCVD), in order to account for their poten-
tial confounding effect on the SDOH-mortality asso-
ciation. However, NHIS data are cross-sectional, which
precludes assessment of potential temporal variation or
change in SDOH burden. Future studies should consider
replicating our methodology in longitudinal data sets to
potentially capture temporal variation in SDOH. Further-
more, non-Hispanic Asian and American Indian/other
subpopulations were not included in this study due to low
sample size, which when divided among SDOH quartiles
for mortality assessment would have yielded potentially
unstable estimates due to low power. Another potential
limitation lies in the self-reported nature of NHIS data,
including diabetes, as well as lack of information about
diabetes type. While prior reports have shown good
correlation between NHIS data and clinically ascertained
measures,”” the latter may reduce potential biases associ-
ated with self-report. Increased efforts should be made
to enable cross-talks between survey-based and clini-
cally measured data. Similar efforts should be made to
capture diabetes type in population-based survey data,
given prior evidence showing that patients with type 1
versus type 2 diabetes may have different SDOH profiles,
with implications for downstream mortality risk.”® Uncov-
ering these incompletely understood differences and the
extent to which they affect the diabetes—mortality associa-
tion could inform risk stratification and care pathways for
adults with type 1 or type 2 diabetes.

Implications

Our work may provide further impetus to develop robust
polysocial risk scores for mortality prediction in indi-
viduals with diabetes, as we reported previously for the
ASCVD population.” Contemporary risk prediction
models are primarily reliant on clinical predictors and
often ignore SDOH or consider a small subset of socio-
economic factors.*” Available population health databases
provide unique opportunities to develop such indices
and assess the effects of SDOH burden on mortality risk
in patients with varying cardiovascular risk profiles. While
assessing over 40 SDOH such as in this study may not
always be feasible, particularly in clinical settings, polyso-
cial risk scores provide a parsimonious prediction model
which may lower the burden of screening. Similarly, there
are increasing opportunities to integrate available vali-
dated indices such as the Social Vulnerability Index and

the PRAPARE (Protocol for Responding to and Assessing
Patients’ Assets, Risks, and Experiences) screening tool
into clinical workflows via geocodes and electronic health
record plug-ins.

In turn, screening patients for adverse socioeconomic
conditions that may impact the risk of diabetes as well as
mortality can help improve risk stratification and guide
clinical care. For instance, efficient SDOH screening
may highlight important barriers to diabetes care, such
as food insecurity, pharmacy deserts, transportation
barriers, or prohibitively high prescription costs.*’ This
may help develop critical partnerships between health-
care systems and community stakeholders to address
unfavorable SDOH and mitigate their burden on adults
with diabetes,* with the goal of improving life expec-
tancy and reducing mortality in this high-risk population.

CONCLUSIONS

The results of this national study suggest that US adults
with diabetes experience high burden of unfavorable
SDOH, which is associated with significantly elevated risk
of all-cause mortality independent of established clinical
predictors. Our findings highlight the importance of
carefully screening for unfavorable SDOH and finding
novel solutions to addressing SDOH to mitigate mortality
risk in this clinically high-risk population.
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