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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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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 

glucose tolerance test (OGTT), and per
centage of glycosylated hemoglobin (HbA1c). 
Participants who met any of the American 
Diabetes Association criteria for diabe
tes (fasting glucose ≥126 mg/dL, post- 
OGTT ≥200 mg/dL, or HbA1c ≥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 HbA1c 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 HbA1c <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 0 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 

the overall minimum and maximum 
observed values of each variable (i.e., 
min-max normalization): ([x − xmin]/ 
[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 U.S.). Given the number of inferential 
statistical tests, a more stringent α 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, 

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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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.

Table 1—Baseline characteristics by total sample and social adversity profiles

Characteristic Total
Low  

adversity
Social/educational  

strengths
Acculturated and  
underresourced

High  
adversity

Total, n (%) 16,371 2,588 (15.81)* 5,623 (34.35)* 1,660 (10.14)* 6,500 (39.70)*

Age, years 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)

Sex - - - - -
Female 52.11 47.07 52.97 48.01 55.74
Male 47.89 52.93 47.03 51.99 44.26

Hispanic/Latino heritage - - - - -
Dominican 9.94 9.02 9.94 8.51 11.04
Central American 7.40 4.11 7.79 4.14 10.19
Cuban 20.02 8.52 29.93 7.77 20.95
Mexican 37.37 38.48 34.86 27.93 42.93
Puerto Rican 16.15 27.26 7.10 43.39 8.88
South American 4.98 3.18 7.77 1.61 4.36
More than one heritage/other 4.13 9.43 2.61 6.64 1.63

Field center - - - - -
Bronx 28.94 34.03 20.35 50.58 26.88
Chicago 15.81 16.39 11.25 16.53 20.02
Miami 29.31 14.15 41.79 12.49 31.42
San Diego 25.94 35.43 26.60 20.39 21.68

Nativity/years in U.S. - - - - -
<10 27.66 3.80 42.76 3.81 34.91
≥10 49.44 35.46 50.72 32.67 62.79
U.S. born 22.90 60.74 6.51 63.52 2.30

Diabetes status - - - - -
Normoglycemic 49.64 62.31 49.85 60.39 37.83
Prediabetes 35.64 29.20 36.95 29.68 40.31
Diabetes 14.72 8.49 13.19 9.93 21.86

Income, $ - - - - -
<10,000 14.63 4.58 11.37 23.17 21.61
10,001–20,000 31.65 13.58 31.56 35.52 42.09
20,001–40,000 33.29 31.61 37.60 32.50 29.84
40,001–75,000 14.55 31.00 15.47 7.55 5.43
>75,000 5.88 19.24 4.00 1.27 1.03

Education level - - - - -
Less than high school 32.35 0 0 58.20 76.31
High school or equivalent 28.20 20.69 31.83 41.80 23.69
More than high school 39.46 79.31 68.17 0 0

Employment status - - - - -
Not employed and not retired 41.01 31.85 35.22 63.16 44.37
Employed or retired 58.99 68.15 64.78 36.84 55.63

Home ownership - - - - -
Rented or occupied without 

payment
75.49 56.30 75.80 86.15 82.60

Owned by you or someone in 
household

24.51 43.70 24.20 13.85 17.40

Language acculturation 2.13 (2.09, 2.18) 3.56 (3.52, 3.60) 1.61 (1.58, 1.63) 3.67 (3.62, 3.72) 1.26 (1.25, 1.28)

Social acculturation 2.24 (2.22, 2.26) 2.65 (2.62, 2.68) 2.22 (2.20, 2.24) 2.64 (2.61, 2.68) 1.87 (1.85, 1.89)

Chronic stress (reversed)† 6.19 (6.12, 6.26) 6.12 (5.95, 6.29) 6.38 (6.28, 6.48) 5.61 (5.39, 5.84) 6.25 (6.14, 6.36)

Family cohesion† 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)

Social support† 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)

Data given as weighted estimates of mean (95% CI) or percentage, unless otherwise noted. *Unweighted. †Variables assessed at baseline 
only among participants who completed the SCAS visit (n = 5,313).
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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)

Profile

Cross-sectional model*  
(n = 16,357)

Longitudinal model†  
(n = 13,163)

V1 V2 V3

OR 95% CI OR 95% CI OR 95% CI

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 1.33jj 1.01, 1.76

High adversity 1.51¶ 1.28, 1.77 1.28§ 1.07, 1.53 1.32jj 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). †Longitudinal 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. jjP < 0.05. ¶P < 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 

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.

Acknowledgments. The authors thank the 
staff and participants of HCHS/SOL and SCAS 
for their important contributions.
Funding. HCHS/SOL is a collaborative study 
supported by contracts from the National Heart, 
Lung, and Blood Institute (NHLBI) to the Univer
sity of North Carolina (HHSN268201300001I/ 
N01-HC-65233), University of Miami (HHSN- 
268201300004I/N01-HC-65234), Albert Einstein 
College of Medicine (HHSN268201300002I/ 
N01-HC 65235), University of Illinois Chicago 
(HHSN268201300003I/N01-HC-65236 [North
western University]), and San Diego State Uni
versity (HHSN268201300005I/N01-HC-65237). 
HCHS/SOL was also supported through trans
fers of funds to the NHLBI by the National 
Institute on Minority Health and Health Dis
parities, National Institute on Deafness and 
Other Communication Disorders, National In
stitute of Dental and Craniofacial Research, 
National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK), National Institute 
of Neurological Disorders and Stroke, and Na
tional Institutes of Health (NIH) Office of Die
tary Supplements. SCAS was supported by 
NIH/NHLBI grant 1 RC2 HL101649. The current 
study was supported by New York Regional 
Center for Diabetes Translation Research grant 
P30 DK111022 (L.C.G., C.R.I., J.L.M.), NIH/NHLBI 
grant 5T32HL079891-17 (C.J.B.), NIH/NIDDK grant 
TL1DK14327 (C.E.R.), and NIH/National Center 
for Research Resources grant 1UM1 TR004407- 
03 (L.C.G.).
Duality of Interest. No potential conflicts of 
interest relevant to this article were reported.
Author Contributions. C.J.B. created the 
data visualization elements. C.J.B. and S.C.R. 
conducted the formal analysis. C.J.B., S.C.R., 
and L.C.G. wrote the original draft of the 
manuscript. C.C., J.C., C.R.I., and L.C.G. were 
involved in data curation, funding acquisi
tion, investigation, methodology, project ad
ministration, resources, and supervision. All 
authors were involved in the conceptualiza
tion of this work and edited, reviewed, and 
approved the final version of the manuscript. 
C.J.B. and L.C.G. are the guarantors of this 
work and, as such, had full access to all the 
data in the study and take responsibility for 
the integrity of the data and the accuracy of 
the data analysis.

diabetesjournals.org/care                                                                                                                                                           Brown and Associates 867 



Prior Presentation. Preliminary results from 
this study were presented at the American 
Heart Association Epi/Lifestyle Annual Meeting, 
New Orleans, LA, 6–9 March 2025.
Handling Editors. The journal editors responsi
ble for overseeing the review of the manuscript 
were John B. Buse and Meghana D. Gadgil.

References
1. U.S. Department of Health and Human Services 
Office of Minority Health. Diabetes and Hispanic 
Americans. Accessed 9 July 2025. Available from 
https://minorityhealth.hhs.gov/diabetes-and-hispanic- 
americans
2. Schneiderman N, Llabre M, Cowie CC, et al. 
Prevalence of diabetes among Hispanics/Latinos 
from diverse backgrounds: the Hispanic Community 
Health Study/Study of Latinos (HCHS/SOL). Diabetes 
Care 2014;37:2233–2239
3. Centers for Disease Control and Prevention. 
National diabetes statistics report. Accessed 9 
July 2025. Available from https://www.cdc.gov/ 
diabetes/php/data-research/index.html
4. Cordero C, Schneiderman N, Llabre MM, et al. 
Diabetes incidence among Hispanic/Latino adults 
in the Hispanic Community Health Study/Study 
of Latinos (HCHS/SOL). Diabetes Care 2022;45: 
1482–1485
5. Solar O, Irwin A. A conceptual framework 
for action on the social determinants of health: 
social determinants of health discussion paper 2 
(policy and practice). Geneva, Switzerland, WHO 
Press, 2010, p. 76
6. Marmot M, Allen JJ. Social determinants of 
health equity. Am J Public Health 2014;104(Suppl. 4): 
S517–S519
7. Gallo LC, Fortmann AL, McCurley JL, et al. 
Associations of structural and functional social 
support with diabetes prevalence in U.S. Hispanics/ 
Latinos: results from the HCHS/SOL Sociocultural 
Ancillary Study. J Behav Med 2015;38:160–170
8. Hill-Briggs F, Adler NE, Berkowitz SA, et al. 
Social determinants of health and diabetes: a 
scientific review. Diabetes Care 2020;44:258–279
9. Trifan G, Gallo LC, Lamar M, et al. Association 
of unfavorable social determinants of health with 
stroke/transient ischemic attack and vascular risk 
factors in Hispanic/Latino adults: results from 
Hispanic Community Health Study/Study of 
Latinos. J Stroke 2023;25:361–370
10. Echouffo-Tcheugui JB, Caleyachetty R, 
Muennig PA, Narayan KM, Golden SH. Cumulative 
social risk and type 2 diabetes in US adults: the 
National Health and Nutrition Examination Survey 
(NHANES) 1999–2006. Eur J Prev Cardiol 2016;23: 
1282–1288
11. Flaherty BP, Kiff CJ. Latent class and latent 
profile models. In APA Handbook of Research 
Methods in Psychology: Data Analysis and Research 
Publication. Vol. 3. Cooper H, Camic PM, Long DL, 
Panter AT, Rindskopf D, Sher KJ, Eds. Washington, 

DC, American Psychological Association, 2012, pp.  
391–404
12. Howell CR, Zhang L, Clay OJ, et al. Social 
determinants of health phenotypes and cardio- 
metabolic condition prevalence among patients 
in a large academic health system: latent class 
analysis. JMIR Public Health Surveill 2024;10: 
e53371
13. Mkuu RS, Gilreath TD, Wekullo C, Reyes GA, 
Harvey IS. Social determinants of hypertension 
and type-2 diabetes in Kenya: a latent class 
analysis of a nationally representative sample. 
PLoS One 2019;14:e0221257
14. Hendryx M, Dinh P, Chow A, et al. Lifestyle 
and psychosocial patterns and diabetes incidence 
among women with and without obesity: a 
prospective latent class analysis. Prev Sci 2020; 
21:850–860
15. Walker RJ, Williams JS, Linde S, Egede LE. 
Social risk and clinical outcomes among adults 
with type 2 diabetes. JAMA Netw Open 2024;7: 
e2425996
16. Egede LE, Walker RJ, Linde S, Williams JS. 
Identifying individuals with highest social risk in 
adults with type 2 diabetes using item response 
theory. J Gen Intern Med 2024;39:1642–1648
17. Lavange LM, Kalsbeek WD, Sorlie PD, et al. 
Sample design and cohort selection in the 
Hispanic Community Health Study/Study of 
Latinos. Ann Epidemiol 2010;20:642–649
18. Pirzada A, Cai J, Heiss G, et al. Evolving 
science on cardiovascular disease among Hispanic/ 
Latino adults: JACC International. J Am Coll Cardiol 
2023;81:1505–1520
19. Sorlie PD, Avilés-Santa LM, Wassertheil- 
Smoller S, et al. Design and implementation of 
the Hispanic Community Health Study/Study of 
Latinos. Ann Epidemiol 2010;20:629–641
20. Gallo LC, Penedo FJ, Carnethon M, et al. The 
Hispanic Community Health Study/Study of 
Latinos Sociocultural Ancillary Study: sample, 
design, and procedures. Ethn Dis 2014;24:77–83
21. ElSayed NA, Aleppo G, Aroda VR, et al. 
Introduction and methodology: standards of care 
in diabetes—2023. Diabetes Care 2023;46(Suppl. 
1):S1–S4
22. Marin G, Sabogal F, Marin BV, Otero-Sabogal 
R, Perez-Stable EJ. Development of a short 
acculturation scale for Hispanics. Hisp J Behav Sci 
1987;9:183–205
23. Bromberger JT, Matthews KA. A longitudinal 
study of the effects of pessimism, trait anxiety, 
and life stress on depressive symptoms in middle- 
aged women. Psychol Aging 1996;11:207–213
24. Moos R, Moos B. Family Environment 
Scale Manual. 3rd ed. Palo Alto, CA, Consulting 
Psychologists Press, 1994
25. Cohen S, Mermelstein R, Kamarck T, 
Hoberman HM. Measuring the functional 
components of social support. In Social Support: 
Theory, Research and Applications. Sarason IG, 

Sarason BR, Eds. Dordrecht, the Netherlands, 
Springer Netherlands, 1985, pp. 73–94
26. Enders CK. Applied Missing Data Analysis. 
New York, NY, Guilford Publications, 2022
27. Muthén LK, Muthén BO. Mplus User’s Guide. 
Los Angeles, CA, Muthén & Muthén, 2017
28. Wu B, Tarraf W, Wallace DM, et al. 
Cardiovascular correlates of sleep apnea phenotypes: 
results from the Hispanic Community Health 
Study/Study of Latinos (HCHS/SOL). PLoS One 
2022;17:e0265151
29. Gallo LC, Savin KL, Jankowska MM, et al. 
Neighborhood environment and metabolic risk in 
Hispanics/Latinos from the Hispanic Community 
Health Study/Study of Latinos. Am J Prev Med 
2022;63:195–203
30. Avilés-Santa ML, Pérez CM, Schneiderman 
N, et al. Detecting prediabetes among Hispanics/ 
Latinos from diverse heritage groups: does the test 
matter? Findings from the Hispanic Community 
Health Study/Study of Latinos. Prev Med 2017;95: 
110–118
31. Parker ED, Lin J, Mahoney T, et al. Economic 
costs of diabetes in the U.S. in 2022. Diabetes 
Care 2024;47:26–43
32. Centers for Disease Control and Prevention. 
Fast facts: health and economic costs of chronic 
conditions. Accessed 3 September 2025. Available 
from https://www.cdc.gov/chronic-disease/data- 
research/facts-stats/index.html
33. National Academies of Sciences, Engineering, 
and Medicine; Health and Medicine Division; 
Board on Health Care Services; Committee on 
Integrating Social Needs Care Into the Delivery 
of Health Care to Improve the Nation’s Health. 
Integrating Social Care into the Delivery of 
Health Care: Moving Upstream to Improve the 
Nation’s Health. Washington, DC, National 
Academies Press, 2019
34. Meijnikman AS, De Block CEM, Dirinck E, 
et al. Not performing an OGTT results in 
significant underdiagnosis of (pre)diabetes in a 
high risk adult Caucasian population. Int J 
Obes (Lond) 2017;41:1615–1620
35. Thomas LV, Wedel KR, Christopher JE. Access 
to transportation and health care visits for 
Medicaid enrollees with diabetes. J Rural Health 
2018;34:162–172
36. Uddin J, Malla G, Long DL, et al. The 
association between neighborhood social and 
economic environment and prevalent diabetes in 
urban and rural communities: the Reasons for 
Geographic and Racial Differences in Stroke 
(REGARDS) study. SSM Popul Health 2022;17: 
101050
37. Reininger B, Lee M, Jennings R, Evans A, 
Vidoni M. Healthy eating patterns associated 
with acculturation, sex and BMI among Mexican 
Americans. Public Health Nutr 2017;20:1267–1278

868 Social Determinants and Diabetes Status                                                                                     Diabetes Care Volume 49, May 2026 

https://minorityhealth.hhs.gov/diabetes-and-hispanic-americans
https://minorityhealth.hhs.gov/diabetes-and-hispanic-americans
https://www.cdc.gov/diabetes/php/data-research/index.html
https://www.cdc.gov/diabetes/php/data-research/index.html
https://www.cdc.gov/chronic-disease/data-research/facts-stats/index.html
https://www.cdc.gov/chronic-disease/data-research/facts-stats/index.html

	Profiles of Social Determinants of Health and Change in Diabetes Status Among U.S. Hispanic/Latino Adults: HCHS/SOL, 2008–2024
	Research Design and Methods
	Participants and Procedures
	Measures
	Diabetes Status
	SDoHs
	Demographic Information

	Analytic Strategy
	LCA
	Proportional Odds Ordinal Regression Models
	Sensitivity Analyses

	Data and Resource Availability

	Results
	Descriptive Information
	Identifying Social Adversity Profiles
	Linking Social Adversity Profiles With Diabetes Status
	Sensitivity Analyses

	Conclusions
	Limitations and Future Directions

	References




