Diabetes Care A==

Profiles of Social Determinants of Health and Change in
Diabetes Status Among U.S. Hispanic/Latino Adults: HCHS/SOL,
2008-2024

Colette J. Brown, Scott C. Roesch, Carlos E. Rosas, Jessica L. McCurley, Christina Cordero, Gabriela Trifan,
Fernando Testai, Beibo Zhao, Jianwen Cai, Carmen R. Isasi, and Linda C. Gallo

Diabetes Care 2026;49(5):861-868 | https://doi.org/10.2337/dc25-2797

Social Adversity Profiles are Differentially Related to Diabetes Status Over Time

Objective
To identify patterns of social adversity and their differential association with diabetes status at baseline and across ~12 years among Hispanic/Latino adults.
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ARTICLE HIGHLIGHTS

® Why did we undertake this study?
Social determinants of health often cluster, but how these patterns influence diabetes status is poorly understood.

® What is the specific question(s) we wanted to answer?
How do social adversities cluster together, and are these patterns differentially related to diabetes status over time?

® What did we find?
Four distinct patterns of social adversity emerged, with the odds of worsening diabetes status becoming incrementally greater as the profiles
represented greater adversity.

® What are the implications of our findings?
Social adversity patterns provide insight into the specific resources needed to support diabetes prevention and management.
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OBJECTIVE

Social determinants of health (SDoHs) account for more than half of the variance
in racial and ethnic disparities in health. However, few studies have examined
how SDoHs may cluster in ways that affect health. We aimed to identify patterns
of social adversity and their differential associations with both diabetes status at
baseline and change in diabetes status across ~12 years among Hispanic/
Latino adults.

RESEARCH DESIGN AND METHODS

Participants were from the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL; N = 16,415; aged 18-74 years). Diabetes status (defined as normogly-
cemia, prediabetes, or diabetes per American Diabetes Association criteria) was
measured by clinical assessment and self-reported medications at baseline
(2008-2011) and two follow-up visits (2014-2017 and 2020-2024). SDoHs were
assessed at baseline and as part of the HCHS/SOL Sociocultural Ancillary Study
(2010-2012).

RESULTS

Latent class analyses of nine SDoHs (income, education, employment status,
home ownership, language and social acculturation, chronic stressors, family co-
hesion, and social support) revealed four distinct patterns of social adversity:
1) low adversity, 2) social/educational strengths, 3) acculturated and underre-
sourced, and 4) high adversity. Compared with the low-adversity group, the high-
adversity group had the highest odds of worse diabetes status at baseline and
had greater odds of worsening diabetes status over time.

CONCLUSIONS

SDoHs cluster in distinct ways that affect diabetes outcomes; social adversities
must be addressed to mitigate diabetes burden among Hispanic/Latino adults.

Hispanic/Latino adults are 60% more likely to be diagnosed with diabetes and twice
as likely to be hospitalized with diabetes-related complications compared with non-
Hispanic White individuals (1), although physician-diagnosed diabetes accounts for
only a portion of all cases. Data from the Hispanic Community Health Study/Study
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Social Determinants and Diabetes Status

of Latinos (HCHS/SOL), an ongoing pro-
spective cohort study of health and disease
in U.S. Hispanic/Latino adults, showed an
overall diabetes prevalence of nearly 17%,
with only approximately half (59%) having
a physician diagnosis before their baseline
study visit (2). Rates of prediabetes are
also high, affecting more than one-third
(34.5%) of U.S. Hispanic/Latino adults, ac-
cording to recent national data (3). More-
over, diabetes prevalence increased from
17% to almost 25% within the first 6 years
of the HCHS/SOL follow-up (2,4), indicating
a critical need to understand determinants
of incident or worsening diabetes status in
this population.

Social determinants of health (SDoHs),
or “the conditions of daily life ... in which
people are born, grow, live, work, and
age” (5), account for more than half of
the variance in racial and ethnic health
disparities (6). The World Health Organi-
zation SDoH conceptual framework (5)
highlights how structural determinants
(e.g., socioeconomic position and cultural
context) interact to influence downstream
intermediary determinants (e.g., psycho-
social factors), ultimately affecting health
and health equity. Several studies have
established that a range of structural
and intermediary SDoHs (e.g., income,
education, and social support) are in-
dependently (7,8) or cumulatively (i.e.,
using count scores) (9,10) related to di-
abetes. However, despite acknowledg-
ment that SDoHs are interrelated and
do not occur in isolation, few studies
have examined how SDoHs cluster or
how these patterns relate to health.

One data-driven approach that is use-
ful for identifying patterns across inter-
related variables is latent class analysis
(LCA) (11). LCA can identify underlying
subgroups within a population that
share a common set of social adversi-
ties. Recently, researchers have begun
using LCA to understand how social ad-
versity profiles relate to diabetes preva-
lence (12,13), incidence (14), or glycemic
control (15). In general, these studies
show that profiles with the highest ad-
versity across indicators are associated
with the worst outcomes. However, past
studies have included limited indicators
(e.g., economic and demographic only)
(13) or emphasized neighborhood-level
factors (e.g., crime rate and rurality)
(12,16) and primarily used cross-sectional
designs (with the exception of the study
by Hendryx et al. [14]). Hispanic/Latino

adults have been largely underrepre-
sented in this work, limiting under-
standing of how social and cultural
factors cluster to affect diabetes risk
in this population. Accordingly, the cur-
rent study sought to 1) identify distinct
profiles of social adversity among U.S.
Hispanic/Latino adults and 2) examine
how these profiles relate to diabetes
status at baseline and changes in diabe-
tes status over time.

RESEARCH DESIGN AND METHODS

Participants and Procedures
HCHS/SOL is a prospective, population-
based study of U.S. Hispanic/Latino
adults from diverse backgrounds. The
HCHS/SOL design and procedures have
been previously reported (17-19). Insti-
tutional review boards at all field cen-
ters approved the study procedures,
and all participants provided consent.
Between 2008 and 2011, participants
were recruited from four major U.S.
metropolitan areas with large Hispanic/
Latino populations: Bronx, Chicago, Mi-
ami, and San Diego. Stratified random
sampling was used to establish a base-
line cohort representative of these tar-
get communities. Participants (n = 16,415;
aged 18-74 years) completed a baseline
clinic visit (V1) with assessments of diabe-
tes status and most of the SDoH indica-
tors, including the socioeconomic and
acculturation measures. Within 4 to
9 months of V1, a representative sub-
set of HCHS/SOL participants (n = 5,313)
completed additional psychosocial as-
sessments as part of the Sociocultural
Ancillary Study (SCAS) (20). All living and
eligible HCHS/SOL participants were in-
vited to follow-up visits, approximately
6 years apart (visit 2 [V2]: 2014-2017,
n = 11,619; visit 3 [V3]: 2020-2024,
n = 9,076), during which diabetes status
and other assessments were repeated.
For the current study, we included all
participants with any available SDoH data
(N = 16,371).

Measures

Diabetes Status

Diabetes status was categorized accord-
ing to American Diabetes Association
criteria (21) as follows: 0 = normoglyce-
mia, 1 = prediabetes, and 2 = diabetes.
At V1, participants reported medication
use and completed clinical assessments
of fasting plasma glucose, 2-h post—oral
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glucose tolerance test (OGTT), and per-
centage of glycosylated hemoglobin (HbA().
Participants who met any of the American
Diabetes Association criteria for diabe-
tes (fasting glucose >126 mg/dL, post-
OGTT >200 mg/dL, or HbA;. >6.5%)
or self-reported use of medication for
diabetes were categorized as having
diabetes. Participants who did not meet di-
abetes criteria but met any of the criteria
for prediabetes (fasting glucose 100—
125 mg/dL, post-OGTT 140-199 mg/dL,
or HbA,. 5.7-6.4%) were categorized as
having prediabetes. All others were cat-
egorized as normoglycemic (fasting glu-
cose <100 mg/dL, post-OGTT <140 mg/dL,
and HbA,. <5.7%; no medication). Diabetes
status was assessed using these same
criteria at follow-up V2 and V3, with
the exception that post-OGTT was not
performed at V3.

SDoHs

Applying the World Health Organization
framework (5) to variables measured in
HCHS/SOL, we included SDoHs reflect-
ing structural and intermediary deter-
minants of health. Nine SDoHs assessed
at V1 (income, education, employment
status, home ownership, language and
social acculturation, chronic stress, fam-
ily cohesion, and social support) were
selected for inclusion in analyses. Three
additional SDoHs (health insurance, na-
tivity, and discrimination) were considered
but ultimately excluded (selection process
described in Supplementary Material).
These nine (of 12 possible) SDoHs were
selected based on preliminary weighted,
survey-adjusted regression analyses show-
ing each was individually associated with
V1 diabetes status after adjusting for co-
variates (Supplementary Table 1).

All variables were coded such that
lower values indicate the direction or
groups assumed to represent greater ad-
versity. Socioeconomic factors included
annual household income (1 = <$10,000,
2 =$10,001-20,000, 3 = $20,001-40,000,
4 = $40,001-75,000, or 5 = >$75,000),
education (1 = less than high school,
2 = high school or equivalent, or 3 = more
than high school), employment status
(0 = not currently employed and not re-
tired or 1 = employed or retired), and
home ownership (0 = rented or occu-
pied without payment or 1 = owned by
you or someone in household).

Acculturation into U.S. or European
American cultural norms was assessed
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using modified versions of two subscales
from the Short Acculturation Scale for
Hispanics (22). The language accultura-
tion subscale is the average of six items,
each rated from 1 to 5, with lower
scores representing predominantly Spanish
use and higher scores representing
predominantly English use. The social
acculturation subscale is the average
of four items, each rated from 1 to 5,
with lower scores representing a pre-
dominantly Hispanic/Latino social net-
work and higher scores representing a
predominantly non-Hispanic/non-Latino
social network.

Psychosocial factors were assessed as
part of the SCAS visit (20), which was ap-
proximately concurrent with V1. Chronic
stress was assessed as the total number
of stressors (out of eight) in key life do-
mains (e.g., relationship problems and
subjective financial strain) lasting at least
6 months (23); summed scores were
reverse coded so that lower scores in-
dicated more chronic stressors. Family
cohesion was assessed using the nine-
item subscale of the Family Environ-
ment Scale (24), in which participants
responded true or false to statements
about the closeness and supportiveness of
their family; scores were summed and
standardized based on validated cross-
cultural normative data (24), with lower
scores indicating less family cohesion.
Social support was assessed via the In-
terpersonal Support Evaluation List,
12-item version (25), in which partici-
pants responded to items assessing the
perceived availability of social support
(rated from O to 3); scores were summed,
with lower values indicating less perceived
support.

Demographic Information

Additional information collected at V1
included age (in years), sex (0 = female
or 1 = male), and Hispanic/Latino heri-
tage (Dominican, Central American, Cuban,
Mexican, Puerto Rican, South American, or
other/more than one heritage). As applica-
ble, ages (in years) at V2 and V3 were
used as an index for time between
visits.

Analytic Strategy

Descriptive analyses were conducted in
SPSS (version 29.0). Primary analyses
were conducted in Mplus (version 8.6)
using LCA and proportional odds ordinal

regression models (described below).
All estimates were calculated using
the maximum likelihood robust proce-
dure in Mplus, a full-information maxi-
mum likelihood approach that is robust
to nonnormality and provides unbiased
estimates using all available data (26,27);
we also used Monte Carlo integration
for the ordinal regression models, as im-
plemented by Mplus (27). Apart from
the LCA models (which were unweighted,
given the data-specific nature of this ap-
proach), all other reported statistics were
weighted according to the target popula-
tion and accounted for the HCHS/SOL
complex sampling design, including ad-
justments for disproportionate selection,
differential nonresponse, and clustering
at the neighborhood stratum and house-
hold level (details reported by Lavange
et al. [17]).

LCA

LCA is a data-driven, person-centered
approach that identifies patterns in data
and groups individuals into profiles (or
latent classes) based on shared similari-
ties of those patterns (11). To identify
profiles of social adversity, the nine
SDoHs (described above) were included
in the LCA models (N = 16,371; 44 par-
ticipants were excluded because they
were missing all nine variables). To de-
termine the optimal number of social
adversity groups, we sequentially esti-
mated LCA solutions with two to four
potential latent classes. Each model
included the binary and continuous
SDoH variables in their original scale.
We chose the four-class solution based on
model fit indices, including the Akaike in-
formation criterion, sample size—adjusted
Bayesian information criterion, Lo-Mendell-
Rubin adjusted likelihood ratio test, boot-
strapped likelihood ratio test, and entropy
(Supplementary Table 3), as well as overall
conceptual interpretability. We also evalu-
ated whether the four social adversity
groups differed on each of the nine SDoH
indicators using survey-adjusted regression
models (logistic or linear as appropriate);
group differences that met statistical signifi-
cance (P < 0.05) are reported (full models
not shown). Finally, we visualized the pat-
terns across each social adversity group by
rescaling and plotting all SDoH variables
(unweighted) on a 0-100 scale. Aligned
with previous work (28), binary variables
were plotted in terms of percentage, and
continuous variables were rescaled using

Brown and Associates

the overall minimum and maximum
observed values of each variable (i.e.,
min-max normalization): ([x — Xminl/
[Xmax - Xmin]) *100.

Proportional Odds Ordinal Regression Models
After identifying the social adversity pro-
files, we conducted proportional odds
ordinal regression models, testing their
association (dummy coded, with low-
adversity as reference) with diabetes status
(normoglycemia, prediabetes, or diabetes;
tested as a three-level ordinal outcome)
at V1 and with changes in diabetes sta-
tus across time. A Brant-Wald test con-
firmed that the proportional odds
assumption was sufficiently met (P >
0.001). Under the proportional odds
assumption, the odds of being in a higher
outcome category are the same across
all pairs of outcome categories. There-
fore, the odds ratios (ORs) for the cross-
sectional model estimated the odds of
having worse diabetes status at V1 (i.e.,
odds of having diabetes or prediabetes
vs. normoglycemia and of having diabe-
tes vs. prediabetes or normoglycemia).
The longitudinal model simultaneously
estimated the odds of worsening diabe-
tes status (i.e., progression from normo-
glycemia to prediabetes or diabetes or
from prediabetes to diabetes) at V2 and
V3 for each social adversity group com-
pared with the low-adversity reference
group.

These models excluded an additional 14
participants with missing diabetes data.
The cross-sectional model (n = 16,357) ad-
justed for age, sex, Hispanic/Latino heri-
tage, and field center (Bronx, Chicago,
Miami, or San Diego). Consistent with
prior work examining predictors of wors-
ening diabetes status over time (29), the
longitudinal model (n = 13,163) further
excluded 3,194 participants who already
had diabetes at V1 and additionally ad-
justed for time elapsed between visits.

Sensitivity Analyses

Given that psychosocial indicators (chronic
stress, family cohesion, and social support)
of SDoHs were assessed only in the subset
of participants who completed the SCAS
visit, we reexamined the LCA models in
two ways, minimizing missingness to en-
sure their consistency. First, we repeated
the LCA models using the SCAS sample
only (n = 5,313). Second, because the
psychosocial variables were later inte-
grated into the V2 examination among
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all HCHS/SOL participants, we next re-
peated the LCA models using the full
analytic sample (N = 16,371) but with
V2 scores substituted for missing V1
data for chronic stress, family cohe-
sion, and social support (only).

Associations of social adversity phe-
notype with diabetes status at V1 and
over time were also tested for effect mod-
ification by age (in years), sex (male vs.
female), or nativity/years in the U.S. (U.S.
born vs. <10 years in U.S. vs. >10 years
in US.). Given the number of inferential
statistical tests, a more stringent o level of
0.01 was used when interpreting the sta-
tistical significance of these interaction
model parameters.

Data and Resource Availability

The data and computer code used for
this analysis reside at San Diego State
University. HCHS/SOL fully supports data
sharing for HCHS/SOL-approved manu-
script proposals with outside investiga-
tors. All data sharing is conducted in
accordance with HCHS/SOL and National
Institutes of Health policies and gov-
erned by a data and materials distribu-
tion agreement between the University
of North Carolina and the external insti-
tution, ensuring the confidentiality and
privacy of HCHS/SOL participants and
their families. Alternatively, deidentified
HCHS/SOL data are publicly available at
BioLINCC and dbGaP for the subset of
the study cohort authorizing general use
of their data at the time of informed
consent.

RESULTS

Descriptive Information

Table 1 lists baseline (V1) characteristics
for the study sample (N = 16,371) and
across social adversity profile groups,
weighted to the target population. Slightly
more than half (52%) of individuals in the
target population were women, most had
an annual household income of $40,000
or less (~80%), and approximately two-
thirds reported at least a high school edu-
cation (~68%). Most (77%) were born
outside the U.S., but nearly half (49%)
had been living in the U.S. for 10 years or
longer. Unweighted bivariate correlations
among the nine SDoHs were low to mod-
erate (correlation [r] coefficients ranged
from 0.0001 to 0.53) (Supplementary
Table 2). Overall, approximately 36%
were identified as having prediabetes

and 15% as having diabetes at V1
(Table 1); detailed population preva-
lence estimates are reported in prior
publications (2,30). Table 1 lists diabe-
tes status prevalence by social adver-
sity profile.

Identifying Social Adversity Profiles
The four-class solution provided the best
fit based on most indices (Supplementary
Table 3) and yielded the most conceptu-
ally meaningful and interpretable profiles.
The four social adversity profiles were la-
beled according to the patterns of SDoHs
that emerged from the LCA, a process
that was both descriptive and informed
by the post hoc tests of statistical differ-
ences across groups (11). Figure 1 depicts
a visualization of these patterns using
scaled means. Table 1 shows descriptive
information across the four profiles,
with major differences further described
below.

The first profile was considered the
low-adversity group (~16% of the sam-
ple) because it was characterized by the
least relative adversity across nearly all
SDoH indicators, including having higher
income, higher education level, rela-
tively greater probability of home own-
ership, and greater availability of social
support, compared with all other groups
(P < 0.05 based on survey-adjusted re-
gression models; data not shown). Indi-
viduals in this group were also among
the most likely to be employed and re-
ported the highest levels of language
and social acculturation relative to most
other groups (Table 1 and Fig. 1). Indi-
viduals in the low-adversity group were,
on average, 34.98 years old (SE 0.44),
and most were either born in the U.S.
(61%) or had been living in the U.S. for
10 years or longer (35%).

The second profile was labeled the
social/educational strengths group (~34%
of the sample) because this group had
the strongest family cohesion and the
second-highest educational attainment
and social support levels, on average,
compared with all other groups (P <
0.05 based on survey-adjusted regres-
sion models; data not shown). Despite
these strengths, this group was charac-
terized by comparatively low levels of
language and social acculturation. The
mean age of individuals in this group
(mean [SE] 42.38 [0.32] years) was close
to the average age of the target population,
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and most (94%) were born outside the U.S.
(51% living in U.S. >10 years; 43% living in
U.S. <10 years).

Conversely, the acculturated and under-
resourced group (~10% of the sample)
was characterized by the opposite pattern.
Individuals in this group reported the high-
est language acculturation, but relatively
fewer socioeconomic resources (lowest
likelihoods of employment and home
ownership) and fewer psychosocial re-
sources (highest chronic stress and low-
est family cohesion), compared with all
other groups (P < 0.05 based on survey-
adjusted regression models; data not
shown). Individuals in this group were,
on average, 32.91 years old (SE 0.49), and
most were either born in the U.S. (63%)
or had been living in the U.S. 10 years or
longer (33%).

Finally, the high-adversity group (~40%
of the sample) was characterized by the
most relative adversity across nearly all
SDoH indicators, including the lowest ed-
ucation level, lowest language and social
acculturation levels, and lowest availabil-
ity of social support, compared with all
other groups (P < 0.05 based on survey-
adjusted regression models; data not
shown). Individuals in this group were,
on average, 46.31 years old (SE 0.39).
Similar to individuals in the social/edu-
cational strengths group, most (98%)
were born outside the U.S. (63% living
in U.S. >10 years; 35% living in U.S.
<10 years).

Linking Social Adversity Profiles With
Diabetes Status

Results for the cross-sectional model
are reported in Table 2. Compared with
the low-adversity group, the accultur-
ated and underresourced group exhib-
ited 32% higher odds (OR 1.32; P =
0.007) and the high-adversity group ex-
hibited 51% higher odds (OR 1.51; P <
0.001) of having worse diabetes status at
V1. The social/educational strengths group
also exhibited worse diabetes status at V1
compared with the low-adversity group,
but this difference did not reach statistical
significance (OR 1.16; P = 0.056).

In the longitudinal model (Table 2),
among individuals without diabetes at
V1, the high-adversity group exhibited
28% higher odds (OR 1.28; P = 0.007) of
worsening diabetes status by V2 and 32%
higher odds (OR 1.32; P = 0.013) of wors-
ening diabetes status by V3 compared
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Table 1—Baseline characteristics by total sample and social adversity profiles

Low Social/educational Acculturated and High
Characteristic Total adversity strengths underresourced adversity
Total, n (%) 16,371 2,588 (15.81)* 5,623 (34.35)* 1,660 (10.14)* 6,500 (39.70)*

Age, years

Sex
Female
Male

Hispanic/Latino heritage
Dominican
Central American
Cuban
Mexican
Puerto Rican
South American
More than one heritage/other

Field center
Bronx
Chicago
Miami
San Diego
Nativity/years in U.S.
<10
>10
U.S. born
Diabetes status
Normoglycemic

Prediabetes
Diabetes

Income, $
<10,000
10,001-20,000
20,001-40,000
40,001-75,000
>75,000

Education level
Less than high school
High school or equivalent
More than high school

Employment status
Not employed and not retired
Employed or retired

Home ownership
Rented or occupied without
payment
Owned by you or someone in
household

Language acculturation
Social acculturation
Chronic stress (reversed)+
Family cohesiont

Social supportt

41.05 (40.56, 41.54) 34.98 (34.13, 35.83) 42.38 (41.75, 43.00) 32.91 (31.95, 33.87) 46.31 (45.56, 47.07)

52.11
47.89

9.94
7.40
20.02
37.37
16.15
4.98
4.13

28.94
15.81
29.31
25.94

27.66
49.44
22.90

49.64
35.64
14.72

14.63
31.65
33.29
14.55
5.88

32.35
28.20
39.46

41.01
58.99

75.49
24.51
2.13 (2.09, 2.18)

2.24 (2.22, 2.26)
6.19 (6.12, 6.26)

54.02 (53.33, 54.71) 54.70 (53.44, 55.96) 57.03 (56.13, 57.92) 46.67 (43.92, 49.41) 53.18 (52.26, 54.09)
26.42 (26.14, 26.71) 29.15 (28.68, 29.61) 27.64 (27.23, 28.06) 24.99 (25.09, 25.89) 24.05 (23.61, 24.49)

47.07
52.93

9.02
4.11
8.52
38.48
27.26
3.18
9.43

34.03
16.39
14.15
35.43

3.80
35.46
60.74

62.31
29.20
8.49

4.58
13.58
31.61
31.00
19.24

0
20.69
79.31

31.85
68.15

56.30
43.70
3.56 (3.52, 3.60)

2.65 (2.62, 2.68)
6.12 (5.95, 6.29)

52.97
47.03

9.94
7.79
29.93
34.86
7.10
7.77
2.61

20.35
11.25
41.79
26.60

42.76
50.72
6.51

49.85
36.95
13.19

11.37
31.56
37.60
15.47
4.00

0
31.83
68.17

35.22
64.78

75.80
24.20
1.61 (1.58, 1.63)

2.22 (2.20, 2.24)
6.38 (6.28, 6.48)

48.01
51.99

8.51
4.14
7.77
27.93
43.39
1.61
6.64

50.58
16.53
12.49
20.39

3.81
32.67
63.52

60.39
29.68
9.93

23.17

35.52

32.50
7.55
1.27

58.20
41.80
0

63.16
36.84

86.15
13.85
3.67 (3.62, 3.72)

2.64 (2.61, 2.68)
5.61 (5.39, 5.84)

55.74
44.26

11.04
10.19
20.95
42.93
8.88
4.36
1.63

26.88
20.02
31.42
21.68

34.91
62.79
2.30

37.83
40.31
21.86

21.61

42.09

29.84
5.43
1.03

76.31
23.69
0

44.37
55.63

82.60
17.40
1.26 (1.25, 1.28)

1.87 (1.85, 1.89)
6.25 (6.14, 6.36)

Data given as weighted estimates of mean (95% Cl) or percentage, unless otherwise noted. *Unweighted. tVariables assessed at baseline

only among participants who completed the SCAS visit (n = 5,313).

with the low-adversity group. Similarly,
the acculturated and underresourced
group exhibited 33% higher odds (OR
1.33; P = 0.044) of worsening diabetes

status by V3 compared with the low-
adversity group. No other statistically
significant group differences emerged
for changes in diabetes status across

time; however, in general, the ORs for
worsening diabetes status increased as
the SDoH profiles represented greater

adversity.
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Figure 1—Patterns of SDoHs across social adversity profiles. Visualization of four social adversity profiles identified in LCA. All variables scaled on
0-100 scale. Binary variables (employment status, home ownership) plotted in terms of percentage; all other variables treated as continuous and

rescaled using min-max normalization.

Sensitivity Analyses

The LCA results were similar across the
sensitivity models, providing further sup-
port that our original four-class solution re-
flected the best representation of the data.
This consistency also reaffirms that ad-
dressing missing data using full-information
maximum likelihood for those who did not
participate in the SCAS visit was appropri-
ate. No statistically significant effect modi-
fications by age, sex, or nativity/years
in the U.S. were found in either the cross-
sectional or longitudinal regression mod-
els (all P values >0.01).

CONCLUSIONS

The current study examined how SDoHs
cluster in distinct patterns of social adversity

and how these patterns are differentially
related to diabetes status at baseline and
change in diabetes status over time.
Using data from HCHS/SOL, an ongo-
ing prospective study representative
of Hispanic/Latino adults from diverse
backgrounds across four major U.S. cities,
we identified four distinct social adversity
profiles that were differentially related to
diabetes status across the 12-year study
period. Notably, the high-adversity group
(i.e., group characterized by the most rela-
tive adversity across nearly all SDoH indica-
tors) not only was most likely to have
prediabetes or diabetes at baseline but
also had the greatest odds of worsening di-
abetes status across both follow-up visits.
It is well recognized that SDoHs, or
nonmedical factors such as social and

psychological adversities, are interwo-
ven and often overlap. A few studies
have examined social adversity pat-
terns among predominantly non-Hispanic
Black and/or White sample populations
(12-16). However, these findings may not
extend to other racial or ethnic minority
populations, and these studies were often
limited to cross-sectional designs. The cur-
rent study included indicators of cultural
context (e.g., acculturation), along with so-
cioeconomic and psychosocial factors, and
examined how distinct adversity profiles
were related to change in diabetes status
among U.S. Hispanic/Latino adults. Consis-
tent with a dose-response relationship,
the odds of worsening diabetes status be-
came incrementally greater as the level of
social adversity increased across the four

Table 2—Associations between social adversity profiles and diabetes status at baseline and across 12 years (visits 1-3)

Cross-sectional model*

Longitudinal model+

(n = 16,357) (n =13,163)
V1 V2 V3
Profile OR 95% Cl OR 95% Cl OR 95% Cl
Low adversity (reference) — — — — — —
Social/educational strengths 1.16% 1.00, 1.35 1.08 0.91, 1.27 1.23% 0.98, 1.55
Acculturated and underresourced 1.32§ 1.08, 1.61 1.16 0.90, 1.50 1.33|] 1.01, 1.76
High adversity 1.519 1.28, 1.77 1.28% 1.07, 1.53 1.32] 1.06, 1.64

Results from two separate proportional odds ordinal regression models in which three-level diabetes status (normoglycemia, prediabetes, dia-
betes) at baseline (V1; cross-sectional model) and V2 and V3 (longitudinal model) were regressed on social adversity profile. Both models ad-
justed for age, sex, Hispanic/Latino heritage, and field center and were weighted and accounted for complex sample design. *Cross-sectional
model ORs represent odds of having worse diabetes status at V1 (i.e., diabetes or prediabetes vs. normoglycemia; diabetes vs. prediabetes or
normoglycemia). tLongitudinal model excluded participants with diabetes at V1 and additionally adjusted for time between visits. ORs repre-
sent odds of worsening diabetes status (i.e., progressing from normoglycemia to prediabetes or diabetes or from prediabetes to diabetes)
at V2 or V3. P < 0.10. §P < 0.01. ||P < 0.05. 9P < 0.001.
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profiles. Compared with the low-adversity
group (i.e.,, group characterized by the
least relative adversity across nearly all
SDoH indicators), the social/educational
strengths group (i.e., characterized by
some adversity but also strong levels
of family cohesion and educational at-
tainment) trended in the direction of
slightly worse diabetes status, although
not statistically significant at any time
point. The acculturated and underre-
sourced group (i.e., characterized by
slightly greater adversity despite a high
level of acculturation) exhibited signifi-
cantly worse diabetes status at baseline
compared with the low-adversity group,
although differences in disease progres-
sion (i.e., worsening diabetes status)
were not evident until 12 years later. Fi-
nally, the high-adversity group exhibited
significantly worse or worsening diabe-
tes across all visits, with significantly
higher odds of disease progression oc-
curring earliest (both 6 and 12 years
later) in this group, compared with the
low-adversity group.

These findings extend previous work
in HCHS/SOL showing that individual psy-
chosocial risk factors (e.g., lower social
support and social integration) (7) and
higher numbers of adverse SDoHs (di-
chotomized and summed) (9) are cross-
sectionally associated with diabetes
prevalence. We demonstrated that SDoHs
cluster in specific patterns that are differ-
entially associated with worse diabetes
status at baseline, as well as worsening
diabetes status over time. Furthermore,
by identifying naturally occurring patterns
of social adversity, these findings advance
our understanding of the influence of
SDoHs and inform future prevention and
intervention efforts.

Diabetes is one of the most expensive
chronic conditions in the U.S. (31,32).
Prevention and management of type 2
diabetes and prediabetes require sub-
stantial resources (e.g., access to nutri-
tious foods, social support to maintain
healthy behaviors, and regular health
care visits), making individuals who ex-
perience social adversity particularly
susceptible to developing or worsening
diabetes. Health care settings have in-
creasingly moved toward screening for
SDoHs and supporting patients through
medical and community resources (33).
However, best practices for addressing
SDoHs in diabetes prevention and man-
agement are not fully established, and

integrated social care interventions are
difficult to fund and sustain.

Our findings have important implica-
tions for practice and policy. For practi-
tioners, this study underscores the value
of integrated assessments and referral
strategies that move beyond single SDoH
indicators to consider the interplay of
structural, psychosocial, and sociocul-
tural vulnerabilities. From a policy per-
spective, the distinct social adversity
profiles suggest how interventions can
be tailored to specific strengths and bar-
riers within U.S. Hispanic/Latino commu-
nities. For instance, some Hispanic/Latino
adults may possess strong social support
systems but require additional support
navigating health care settings where
English language proficiency is required
(e.g., social/educational strengths group),
whereas others may easily navigate sce-
narios requiring English language profi-
ciency but benefit more from structured
health behavior support (e.g., accultur-
ated and underresourced group). Inter-
ventions that address SDoHs across the
continuum of upstream (e.g., structural)
and downstream (e.g., psychosocial) fac-
tors may be most effective in mitigating
long-term diabetes risk. Policies that link
health care with social services may be
particularly important for altering disease
trajectories in this population.

Limitations and Future Directions

Findings should be interpreted with
strengths and limitations in mind. Psy-
chosocial data were available for a sub-
set of participants at baseline; however,
sensitivity tests suggested our findings
were robust to missingness and materi-
ally unchanged. Additionally, post-OGTT
was performed at V1 and V2, but not V3,
making it possible that V3 diabetes and
prediabetes prevalence was underesti-
mated (34). Finally, future work is needed
to examine additional SDoHs and con-
texts that were not assessed in this study.
HCHS/SOL is representative of four major
metropolitan cities, but social adversities
may differ in rural versus urban settings
(35,36) because of differential housing
costs, transportation access, and other
barriers. Food insecurity and neighbor-
hood walkability are additional SDoHs
to consider, given the importance of
nutrition and physical activity for cardi-
ometabolic health. Unhealthy eating
patterns are often associated with lower

Brown and Associates

socioeconomic status and higher accul-
turation (37). Prior HCHS/SOL analyses
showed that neighborhood socioeco-
nomic deprivation, but not built environment
(e.g., walkability), predicts cardiometabolic
risk over time (29). Diet and exercise may re-
flect behavioral mechanisms not exam-
ined in the current study, but future
research could investigate such pathways.
To our knowledge, this study is among the
first to link naturally occurring social adver-
sity profiles with diabetes status among
U.S. Hispanic/Latino adults, highlight-
ing that SDoHs must be addressed to mit-
igate diabetes risk among this population.
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