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BACKGROUND: Hypertension and diabetes disproportionately affect older non-Hispanic Black and Hispanic adults in the United
States. Chronic stress may partially explain these disparities. This study identified underlying stress profiles of older US adults,
analyzed stress profiles in relation to hypertension and diabetes, examined the distribution of stress profiles by race and eth-
nicity, and assessed patterns of change in latent classes of stress over time.

METHODS AND RESULTS: Latent class analysis was conducted with a nationally representative sample of older US adults who
completed 3 waves of the HRS (Health and Retirement Study) (ie, 2010 [n=6863], 2014 [n=4995], and 2018 [n=3089)). Latent
classes of stress in 2010 (ie, stress profiles) were identified using 15 indicators of unmet needs within 5 categories (ie, physio-
logical, safety/security, belonging, esteem, and self-fulfillment). Hypertension and diabetes status were examined as outcomes
of latent class membership at 3 time points, and race and ethnicity were examined in association with class membership,
adjusting for sociodemographic covariates. Finally, a latent transition analysis examined the stability of latent class member-
ship and racial and ethnic differences in the patterns of stress profiles experienced from 2010 to 2018. Five classes were
identified: Generally Unmet Needs (13% of sample), Generally Met Needs (42% of sample), Unmet Self-Efficacy/Goal Needs
(12% of sample), Unmet Financial Needs (20% of sample), and Unmet Social Belonging Needs (13% of sample). Compared
with the Generally Met Needs class, the Generally Unmet Needs class had higher odds of hypertension (odds ratio [OR], 1.80;
[95% CI, 1.35-2.39]) and diabetes (OR, 1.94; [95% Cl, 1.45-2.59)), and the Unmet Financial Needs class had higher odds of
diabetes (OR, 1.50; [95% CI, 1.10-2.05]). Non-Hispanic Black participants compared with non-Hispanic White participants
had higher odds of being members of the Generally Unmet Needs, Unmet Self-Efficacy/Goal Needs, and Unmet Financial
Needs classes (OR, 2.70; [95% CI, 1.59-4.58]; OR, 1.99; [95% Cl, 1.156-3.43]; and OR, 4.74; [95% Cl, 3.32-6.76], respectively).
Class membership remained relatively stable over time, with 93% of participants remaining in Generally Met Needs and 78%
of participants remaining in Generally Unmet Needs across time points. Compared with non-Hispanic White participants,
non-Hispanic Black participants had lower odds of Generally Met Needs class membership at any time point (OR, 0.60; [95%
Cl, 0.42-0.84]) and had lower odds of moving into the Generally Met Needs class and higher odds of moving into the Unmet
Financial Needs class from 2010 to 2014 (OR, 0.33; [95% CI, 0.13-0.86]; and OR, 3.02; [95% ClI, 1.16—7.87], respectively).

CONCLUSIONS: Underlying classes of stress based on unmet needs were associated with hypertension and diabetes status.
Racial and ethnic differences were observed for both latent class membership and transitions between classes over time.
Latent classes of stress associated with unmet needs, hypertension, and diabetes and the ability to transition between
classes may explain the perpetuation of racial and ethnic disparities in cardiovascular health. Interventions targeting unmet
needs may be used to confront these disparities.
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CLINICAL PERSPECTIVE
What Is New?

This is the first longitudinal latent transition anal-
ysis study to report an association between pat-
terns of stress based on various unmet needs
(ie, unmet physiological, safety and security,
social belonging, esteem, and/or self-fulfilment
needs) and hypertension and diabetes status
among older US adults.

e Compared with non-Hispanic White older
adults, non-Hispanic Black older adults were
more likely to have Generally Unmet Needs
and Unmet Financial Needs compared with
Generally Met Needs, and these stress patterns
were associated with higher probabilities of hy-
pertension and/or diabetes status.

What Are the Clinical Implications?

e Clinical interventions should address potential
stressors based on unmet needs across multi-
ple life domains when seeking to reduce racial
and ethnic disparities in hypertension and dia-
betes among older adults.

Nonstandard Abbreviations and Acronyms

HRS Health and Retirement Study
LCA latent class analysis

LTA latent transition analysis
SA-BIC sample-size adjusted Bayesian

information criterion

of death in the United States, contributed to
>840 000 US deaths in 2016.! Hypertension and
diabetes are 2 major CVD risk factors and frequent driv-
ers of CVD-related mortality.>® Hypertension has been
linked to an increased risk of adverse cardiovascular
events (ie, myocardial infarctions, ischemic strokes,
and hemorrhagic strokes) and was considered a pri-
mary or contributing cause of nearly half a million US
deaths in 2018.4% Similarly, those with diabetes were
twice as likely to have heart disease or stroke com-
pared with those without diabetes, and 100 000 US
deaths were attributed to diabetes in 2020.57
Despite the dangers of hypertension and diabe-
tes, both conditions are highly prevalent in the United
States, and in 2018, nearly half of US adults (ie, 115 mil-
lion Americans) were diagnosed with hypertension and
34.2 million US adults were diagnosed with diabetes.*®
Prevalence of these conditions among older adults is
even higher, with hypertension affecting >75% of adults

Cardiovasoular disease (CVD), the leading cause
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aged >75 years and diabetes affecting 26.8% of adults
aged =65 years.8° Given this high prevalence and the
serious consequences of hypertension and diabetes,
there is a continued need to identify underlying con-
tributors to CVD risk, such as chronic stress exposure,
among older adults in the United States.®

More important, the prevalence of hypertension
and diabetes vary by race and ethnicity. Recent
studies suggest that non-Hispanic Black Americans
have higher rates of hypertension (42%) compared
with non-Hispanic White Americans (28%)."" Rates
of diabetes are also higher among non-Hispanic
Black Americans (12%) and Hispanic Americans
(13%) compared with non-Hispanic White Americans
(7%)."? Furthermore, although some Hispanic sub-
populations report lower rates of hypertension com-
pared with non-Hispanic White Americans, Hispanic
Americans are more likely to have undiagnosed, un-
treated, or uncontrolled hypertension than any other
racial and ethnic group.'®'

Moreover, these racial and ethnic disparities
in hypertension and diabetes prevalence persist
among older adult populations, who are already at
greater risk of developing hypertension and diabe-
tes because of their age.’ Older non-Hispanic Black
and Hispanic Americans compared with older non-
Hispanic White Americans are more likely to expe-
rience serious complications associated with both
hypertension (eg, greater cognitive decline'®'”) and
diabetes (eg, increased diabetes-related mortality at
earlier ages'®).

Given these highlighted disparities, along with re-
cent projections that the national burden of chronic
diseases will grow in the coming decades attributable
to an aging US population,'®?° uncovering contribu-
tors to racial and ethnic differences in hypertension
and diabetes among older populations has received
increased research attention.?' One potential explana-
tion for these differences is chronic stress exposure.
Repeated or chronic exposure to stress can directly
activate physiological responses that increase the risk
of both hypertension and diabetes (eg, compromising
the body’s ability to return to resting blood pressure
levels®? and/or increasing cortisol, glucose, and insu-
lin resistance®). Furthermore, evidence suggests that
chronic stress exposure differs among racial and eth-
nic groups, which may partially explain disparities in
hypertension and diabetes among Black and Hispanic
populations in the United States.?*

There is a growing body of literature on chronic
stress as one potential contributor to the dispropor-
tionate burden of hypertension and diabetes among
older Black and Hispanic populations.’>?? Recent
studies call forimproved psychosocial stress measures
that fully capture the complex nature of stress,?® addi-
tional studies using comprehensive stress measures
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as predictors of hypertension and diabetes,?>?% and a
particular focus on person-centered approaches that
consider how patterns of stress among subgroups of
older adults can contribute to chronic diseases (eg, la-
tent class analyses [LCAg]).%"%®

Much of the existing research examining chronic
stress used single-item measures or single domains
of chronic stress.?®?® Recent studies, however, rec-
ommend using comprehensive measures to capture
individual stressors (eg, financial strain), social stress-
ors (eg, interpersonal discrimination), and self-concept
stressors (eg, social status stressors that compromise
self-esteem).?* This multidimensional approach is par-
ticularly relevant to racial and ethnic health disparities
as it can incorporate stressors more commonly en-
countered by members of Black and Hispanic popu-
lations (eg, socioeconomic stress, stress associated
with racism and discrimination, and goal-striving
stress), which have been recently linked to worse car-
diovascular health.?*3° In addition, research suggests
that organizing stressors based on their underlying
psychosocial features (eg, physiological stressors,
such as hunger, and interpersonal stressors, such as
relationship problems) can help identify mechanisms
linking chronic stress to physical health outcomes.?®

Motivational frameworks related to biological and
psychosocial needs (ie, “need-based models”) have
been linked to chronic stress®'2 and may be well
suited for addressing these recent suggestions to im-
prove chronic stress measures. However, many of the
need-based models used in previous studies focused
on physiological stress, with fewer studies examining
whether unmet needs were associated with individ-
ual, social, and self-concept stressors.3334 Maslow’s
Hierarchy of Needs is a widely cited framework of
human behavior that could be used to capture stress-
ors, including physiological needs (eg, food, shelter,
and rest), safety needs (eg, physical and psychologi-
cal security), social belonging needs (eg, interpersonal
relationships), esteem needs (eg, social status and
respect), and self-fulfilment needs (eg, fulfilling one’s
purpose in life).

There is limited work connecting comprehensive
measures of stress (ie, multilevel or multidomain mea-
sures) to hypertension and diabetes.?® Previous stud-
ies that examined physical stress (eg, neighborhood
violence and hunger early in life), social stress (eg, crit-
icism from friends and everyday discrimination), and
self-concept stress (ie, lack of control at work) found
that higher stress exposure explained a substantial
portion of disparities in self-rated health among Black
and US-born Hispanic adults compared with White
adults.3® Similarly, additional studies using compre-
hensive measures of stress found that vulnerability
across different life domains (ie, material, social, and
health vulnerabilities) had a negative influence on older
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adults’ well-being,?® that unmet basic needs (ie, hous-
ing, food, safety, and financial needs) were associated
with greater perceived stress and lower likelihood of
scheduling follow-up health visits,*® and that chronic
stress measured across 5 domains (ie, health, finan-
cial, residential, relationship, and caregiving) revealed
racial and ethnic differences in both chronic stress
exposure and stress appraisal (ie, the extent to which
stressors were considered upsetting).®”

Although this initial set of studies contributed to an
increased appreciation for assessing stress compre-
hensively, these studies did not focus on hypertension
and diabetes outcomes. Moreover, few studies used
LCA approaches to characterize chronic stress based
on unmet needs among older adults.?® LCA offers
a strategy to identify subgroups of older adults who
experience certain patterns of chronic stress. Given
the increased vulnerability to the physical effects of
chronic stress on the immune system and stressors
associated with aging (eg, increased dependence on
others, fewer job stressors if retired, and/or reduced
ability to reach goals),*® unique patterns in the associ-
ations between chronic stress and hypertension and
diabetes outcomes could be observed in older popu-
lations. In addition, LCA is well suited to address calls
for comprehensive psychosocial measures of stress
given the ability of latent class modeling to explicitly
model measurement error when estimating complex
relationships.3°

Furthermore, previous literature on chronic stress
and cardiovascular health outcomes has been largely
cross-sectional, with limited evidence examining
composite measures of stress over time.*® Latent
transition analysis (LTA), a longitudinal form of LCA,
has received growing attention in recent epidemio-
logic literature.®®4'" Building on the identification of la-
tent classes at single points in time, LTA can be used
to assess whether class membership remains stable
over multiple time points, whether there are certain
patterns of movement for those who do transition
between classes, and whether certain factors (eg,
sociodemographic characteristics) affect potential
changes to class membership.

The present study sought to address these gaps
identified in the literature by conducting an LCA with
a nationally representative sample of older adults.
Specifically, the study objectives (Figure 1) included
the following: (1) identifying underlying classes of stress
based on individuals’ unmet needs, (2) examining the
association between classes of stress and hyperten-
sion and diabetes status, (3) assessing whether race
and ethnicity were associated with class membership,
(4) examining stability of class membership across 3
time points, and (5) assessing whether race and eth-
nicity were associated with likelihood to transition be-
tween classes over time.
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Objective 1: Identify latent classes of stress based on unmet needs

Social Belonging
Needs:
Isolated from others,
lack companionship,
close relationship
problems

Safety and Security
Needs:
Financial strain, fear
walking alone at night,
lack of certainty

Physiological Needs:
Lack of rest, food
insecurity, housing
problems

Self-actualization
Needs:
Impossible to reach
goals, can't do things
set mind to, lack
purpose in life

Esteem Needs:
Low social status, low
respect from others,

can't do things
want to do

Latent
class of
stress

Objective 3: Assess whether race/ethnicity is associated with class
membership

Social Belonging
Needs:
Isolated from others,
lack companionship,
close relationship
problems

Safety and Security
Needs:
Financial strain, fear
walking alone at night,
lack of certainty

Physiological Needs:
Lack of rest, food
insecurity, housing
problems

Self-actualization
Needs:
Impossible to reach
goals, can't do things
set mind to, lack
purpose in life

Esteem Needs:
Low social status, low
respect from others,

can’t do things
want to do

Latent
class of
stress

Objective 2: Examine association between latent classes of stress and
hypertension and diabetes status

Social Belonging
Needs:
Isolated from others,
lack companionship,
close relationship
problems

Safety and Security
Needs:
Financial strain, fear
walking alone at night,
lack of certainty

Physiological Needs:
Lack of rest, food
insecurity, housing
problems

Self-actualization
Needs:
Impossible to reach
goals, can't do things
set mind to, lack
purpose in life

Esteem Needs:
Low social status, low
respect from others,

can’t do things
want to do

Latent
class of
stress

Objectives 4&5: Examine stability and changes to classes at three time
points and the iation with race/ethnicity

2010 2014 2018
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Figure 1. Overview of study objectives.

This figure represents the study objectives. Objectives 1 to 3 were conducted using a cross-sectional analysis using the 2010 unmet
needs indicators. Objectives 4 and 5 were conducted using a longitudinal latent transition analysis of the 2010, 2014, and 2018
data sets. Objective 2 included the hypertension and diabetes outcomes measured in 2010, 2014, and 2018. Objectives 3, 4, and 5
examined whether self-identified race and ethnicity were associated with stress profiles experienced in 2010, 2014, and 2018.

METHODS

Data Source and Setting

The LCA was conducted using data from the HRS
(Health and Retirement Study), which is sponsored by
the National Institute on Aging and the Social Security
Administration. The HRS is a nationally representa-
tive longitudinal household survey of US adults aged
>50 years that captures a wide range of items, includ-
ing participants’ health, employment and/or retirement,
income, and family structure.* Approximately 20 000
US adults complete the core survey every 2 years by
telephone or in face-to-face interviews as well as select
survey sections completed at home and returned by
mail. Before each interview, participants provide verbal
consent (except for survey sections completed by mail,
in which consent is inferred by returning completed sur-
veys), and all data collection for the HRS is approved by
the University of Michigan Institutional Review Board.
The data used in this study are deidentified and pub-
licly available on the HRS website (https:/hrsdata.isr.
umich.edu/data-products/public-survey-data). The an-
alytic methods of the present study (ie, statistical code
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and additional files used in the analysis) are available
from the corresponding author on request.

In 2006, the HRS began administering a face-to-
face physical health interview (eg, height, weight, waist
circumference, and blood pressure measured by the
interviewer) as well as a self-reported psychosocial
survey (eg, items related to well-being, personality,
and experiences of discrimination).*® Participants were
randomly assigned to complete both sets of measures
every 4 years. The present study included the sub-
population of participants who completed the physical
health and psychosocial surveys in 2010, 2014, and
2018. Given that the psychosocial survey was revised
after 2008, the use of the 2010 subpopulation allowed
for examining the same set of stress measures across
3 separate time points.

Variables
Unmet Needs (Indicators)
A total of 15 indicators of unmet needs (Table S1) were

selected from existing data sets to capture the 5 lev-
els of Maslow’s Hierarchy of Needs (ie, physiological,
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safety and security, social belonging, esteem, and self-
fulfillment). Three different indicators were assigned to
each of the 5 levels to capture the major needs within
each level of Maslow’s Hierarchy and provided bal-
anced representation from each level. Each of the
15 indicators were dichotomized (0=met need, and
1=unmet need).

Hypertension and Diabetes (Distal Outcomes)

Blood pressure was measured using an Omron BP
760N Monitor at 3 time points during the in-person
interview (ie, measured in a sitting position, with feet
flat on the floor, and the cuff placed above the elbow).
Systolic blood pressure and diastolic blood pressure
were calculated using an average of the 3 measure-
ments obtained from the blood pressure monitor.
Participants were considered hypertensive if they had
one of the following indicators: systolic blood pressure
>140 mm Hg, diastolic blood pressure =90 mm Hg, or
a history of high blood pressure (ie, if a health care
provider had ever told participants they had high blood
pressure or hypertension).** Diabetes was assessed
using a single item of whether a health care provider
had ever told participants they had diabetes or high
blood sugar. Hypertension and diabetes were each di-
chotomized (0=no hypertension, and 1=hypertension;
0=no diabetes, and 1=diabetes).

Sociodemographic Characteristics (Covariates)

Participants self-identified their race as “White/
Caucasian” [ie, term originally used by the HRS, but
henceforth referred to as “White”], “Black/African
American,” or “other”. "Other" race included re-
sponses of American Indian, Alaska Native, Asian,
Native Hawaiian, and Pacific Islander. This code was
collapsed in the public HRS data set to protect par-
ticipant confidentiality due to smaller sample sizes
within these categories. Participants self-identified
their ethnicity as "Yes," "No," or "Don’t Know" in
response to the question “Do you consider your-
self Hispanic or Latino?". Participants’ responses
to the race and ethnicity items were combined into
4 categories for the analysis: non-Hispanic Black,
non-Hispanic White, non-Hispanic other race, and
Hispanic or Latino. Participants’ age (<60, 60-75,
and >75 years), sex (male or female), education (high
school diploma or less or college degree and above),
and annual household income (<$25 000, $25 000-
$75 000, and >$75 000 per year) were also used as
sociodemographic covariates.

Statistical Analysis

The statistical analysis first assessed sociodemo-
graphic characteristics of the study population at the
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3 time points included in the study (ie, 2010, 2014, and
2018). Next, the cross-sectional LCAs included par-
ticipants’ stress and sociodemographic characteristics
reported in 2010, as well as their hypertension and dia-
betes status reported at 3 separate time points in 2010,
2014, and 2018. Finally, the LTA examined changes to
initial class membership from 2010 to 2018.

Sociodemographic Characteristics of the
Study Population

Descriptive statistics were calculated using R version
4.1.0 to describe the sociodemographic characteris-
tics of the study population. Specifically, for each so-
ciodemographic category, the number of participants
and the percentage of the total study population were
tabulated and y? tests were used to examine group
differences among the study population when strati-
fied by the combined race and ethnicity categories of
non-Hispanic Black, non-Hispanic White, Hispanic or
Latino, and non-Hispanic other race.

Cross-Sectional LCAs

The LCA was conducted using the 2010 subpopula-
tion of participants who completed the physical health
interview and the psychosocial survey (N=6863). To
account for the complex survey design of the HRS (ie,
multistage national probability sampling and oversam-
pling of Black and Hispanic adults, as well as Florida
residents), sample weights, clustering, and stratifica-
tion variables provided by HRS were used in the analy-
sis.*® All analyses were conducted in Mplus Version
8.6.%% Given that subpopulation analysis in Mplus does
not handle missing values in the sample weighting, a
small positive number (ie, 0.0000001) was assigned
to participants who had missing values on the sam-
ple weight, clustering, and/or strata variables, which
allowed variance estimates to be computed for all
participants.*®

The cross-sectional LCA included 3 stages of anal-
ysis associated with participants’ class membership in
2010: (1) identifying the latent classes based on the 15
indicators of unmet needs in 2010, (2) analyzing the
association between the 2010 latent classes and the
distal outcomes (ie, hypertension and diabetes status
in 2010, 2014, and 2018), and (3) examining whether
class membership in 2010 varied by race and ethnicity.

Identification of latent classes

A multistep approach was used to identify the latent
classes. Latent classes were generated using the 15
indicators of unmet needs. Classes were first exam-
ined using a stepwise model comparison approach
(eg, 1, 2, and 3 classes) based on the unconditional
model without covariates and/or distal outcomes
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included in the model.*” Maximum likelihood estima-
tion with robust SEs allowed for the use of the full
study population in the identification of the classes
(N=6863) by accounting for any missing data on the
indicators.

In this first step, model fit indexes included the
sample-size adjusted Bayesian information criterion
(SA-BIC) and entropy values. The SA-BIC was selected
on the basis of guidance from prior LCA literature that
the SA-BIC performs well with complex data and un-
equal sample sizes relative to the traditional Bayesian
information criterion and/or the Akaike information cri-
terion.*®49 The Lo-Mendell-Rubin and bootstrapped
likelihood ratio tests were not examined because they
would not account for the complex data.®® Lower SA-
BIC and higher entropy values represent better model
fit (with entropy >0.70 indicating acceptable classi-
fication accuracy®). These fit statistics, along with
consideration of adequate class sizes over 5%, as rec-
ommended in prior literature,®® were used to identify
the optimal number of classes.

Next, measurement invariance was assessed
to test for any systematic group differences in the
interpretation of the indicators. Consistent with re-
cent guidance, each of the items were separately
regressed on the sociodemographic covariate pre-
dictors and model comparisons were used to test
for noninvariance (ie, nonequivalency®®). The direct
effects of the covariates on the noninvariant indica-
tors were added to the model and the solution was
reestimated using a 1-step approach (ie, the rec-
ommended model to reduce bias in parameter esti-
mates in the presence of noninvariant indicators and
multiple covariates). The estimated solution using the
1-step approach was compared with the uncondi-
tional model to confirm that the classes remained
consistent across the 2 models.

Hypertension and diabetes status (distal outcomes)

Next, the distal outcomes analysis was used to as-
sess the association between participants’ underlying
stress profiles reported in 2010 and their hyperten-
sion and diabetes status in 2010, 2014, and 2018.
Hypertension and diabetes status at each time point
were regressed on participants’ 2010 latent class
membership, adjusting for the direct effects of the
sociodemographic covariates on hypertension, dia-
betes, and any noninvariant indicators. Odds ratios
(ORs) with 95% Cls were used to compare proba-
bilities of having hypertension and diabetes between
the latent classes. Pairwise comparisons were used
to examine differences in the odds of hypertension
and diabetes between latent classes. In the dis-
tal outcome and the covariate analysis (below), the
Mplus standard method of listwise deletion was used
(ie, 23 participants were dropped from the analysis
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because of missing data on the distal outcomes and/
or covariates).

Sociodemographic characteristics (covariates)

Finally, multinomial regression was used to examine
the association between latent class membership
and self-identified race and ethnicity (ie, non-Hispanic
Black, Hispanic or Latino, non-Hispanic other race,
and non-Hispanic White), controlling for the remain-
ing sociodemographic covariates. All covariates were
established a priori given their well-documented role
in stress and health and frequent use in epidemiologic
literature. Univariate models were also conducted for
each of the sociodemographic variables to check for
consistent patterns with the multivariate model. ORs
with 95% Cls were used to assess the conditional
probabilities of each covariate being present within
the latent class for both the multivariate and univariate
models.

Latent Transition Analyses

Following the cross-sectional LCAs, the LTA was used
to examine changes in class membership across the
3 time points (ie, 2010, 2014, and 2018). Participants
were included in the LTA if they completed the psy-
chosocial and physical health interviews in 2010, 2014,
and 2018 (N=3075), and participants’ sample weights
from 2010 were used in the subpopulation analysis. A
series of stepwise model comparisons were used to
examine the best fitting solutions in 2014 and 2018.
Models were estimated separately using the 15 unmet
needs indicators from each time point and were as-
sessed using SA-BIC, entropy, and class size, as
noted above. Measurement invariance of the indicators
across time was then assessed by comparing a fully
constrained model (ie, the prevalence of each indica-
tor in each latent class held constant at all time points)
with a less restrictive free model (ie, the prevalence of
all indicators allowed to vary freely across classes at all
time points).®* The direct effects and 1-step approach
applied in the cross-sectional analysis were used to
estimate the LTA.

The stability of latent class membership was then
assessed using transition probabilities (ie, the likelihood
that individuals would remain in the same class be-
tween time points) and descriptive counts of the most
frequent patterns of stability/movement across time.
Next, racial and ethnic differences in class membership
patterns were examined by creating binary variables
(eg, being a member versus never being a member of
certain classes across the 3 time points) and regressing
these variables on race and ethnicity, adjusting for sex,
age, education, and income. Finally, covariate effects
on the transition probabilities were assessed across the
3 time points.
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Table 1. Study Population Characteristics in 2010, 2014, and 2018

Sex P<0.01
Women 4009 (58.4) 719 (66.9) 2810 (56.8) 381 (59.3) 97 (63.9)
Men 2854 (41.6) 365 (33.7) 2140 (43.2) 262 (40.7) 83 (46.1)
Age, y P<0.01
<60 2104 (30.7) 463 (42.7) 1238 (25.0) 311 (48.4) 86 (47.8)
60-75 3153 (45.9) 476 (43.9) 2352 (47.5) 257 (40.0) 68 (37.8)
>75 1606 (23.4) 145 (13.4) 1360 (27.5) 75 (11.6) 26 (14.4)
Income, $ P<0.01
<25 000 2073 (30.2) 556 (51.3) 1110 (22.4) 349 (54.3) 56 (31.1)
25 000-75 000 2966 (43.2) 364 (33.6) 2319 (46.9) 213 (33.1) 69 (38.3)
>75 000 1824 (26.6) 164 (15.1) 1521 (30.7) 81 (12.6) 55 (30.6)
Education P<0.01
High school diploma or lower 4814 (70.1) 870 (80.3) 3273 (66.1) 557 (86.6) 109 (60.6)
College degree or higher 2032 (29.6) 212 (19.5) 1662 (33.6) 86 (13.4) 71(39.4)
Missing data 17 (0.9 2(0.2) 15 (0.3 0(0.0) 0(0.0)

Sex P<0.01
Women 3005 (60.2) 509 (68.2) 2148 (58.7) 274 (60.4) 72 (55.8)
Men 1990 (39.8) 237 (31.8) 1513 (41.3) 180 (39.6) 57 (44.2)
Age, y P<0.01
<60 968 (19.4) 203 (27.2) 580 (15.8) 138 (30.4) 43 (33.3)
60-75 2521 (50.5) 410 (55.0) 1811 (49.5) 234 (51.5) 65 (50.4)
>75 1506 (30.1) 133 (17.8) 1270 (34.7) 82 (18.1) 21 (16.3)
Income, $ P<0.01
<25 000 1403 (28.1) 387 (51.9) 743 (20.3) 226 (49.8) 45 (34.9)
25 000-75 000 2128 (42.6) 264 (35.4) 1658 (45.3) 161 (35.5) 45 (34.9)
>75 000 1464 (29.3) 95 (12.7) 1260 (34.4) 67 (14.7) 39(30.2)
Education P<0.01
High school diploma or lower 3425 (68.6) 599 (80.3) 2352 (64.3) 398 (87.7) 72 (55.8)
College degree or higher 1556 (31.1) 145 (19.4) 1297 (35.4) 56 (12.3) 57 (44.2)
Missing data 14 (0.3 2(0.3) 12 (0.3 0(0.0) 0(0.0

Sex P<0.01
Women 1869 (60.5) 298 (70.4) 1378 (59.1) 146 (59.6) 46 (53.5)
Men 1220 (39.5) 125 (29.6) 954 (40.9) 99 (40.4) 40 (46.5)
Age, y P<0.01
<60 191 (6.2) 36 (8.5) 123 (6.3 25(10.2) 7(8.1)
60-75 1764 (57.1) 285 (67.4) 1249 (53.5) 170 (69.4) 57 (66.3)
>75 1134 (36.7) 102 (24.1) 960 (41.2) 50 (20.4) 22 (25.6)
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Table 1. Continued

Hypertension, Diabetes, Stress in Older Adults

Time point 3: 2018
Total study
population Non-Hispanic Non-Hispanic Hispanic or Non-Hispanic
(N=3089) Black (n=423) White (n=2332) Latino (n=245) other race (n=86)
Income, $ P<0.01
<25 000 757 (24.5) 199 (47.1) 423 (18.1) 110 (44.9) 24 (27.9)
25 000-75 000 1393 (45.1) 155 (36.6) 1099 (47.1) 103 (42.0) 35 (40.7)
>75 000 939 (30.4) 69 (16.9) 810 (34.8) 32 (13.1) 27 (31.4)
Education P<0.01
High school diploma or lower 1990 (64.4) 335 (79.2) 1392 (59.7) 214 (87.3) 47 (54.7)
College degree or higher 1088 (35.2) 86 (20.3) 931 (39.9) 31 (12.7) 39 (45.3)
Missing data 11(0.4) 2(0.5) 9(0.4) 0(0.0) 0(0.0)

Data are presented as number (percentage).

*The total study population listed for each time point includes participants who had missing data for race and ethnicity items (n=6 [2010], n=5 [2014], and n=3
[2018]). These participants were included in the identification of the latent classes, but were not included in the distal outcomes and sociodemographic covariate
analyses (n=23 total). P values are based on ¥ tests of group differences when stratified by race and ethnicity.

RESULTS

Sociodemographic Characteristics of the
Study Population
Most participants self-identified as non-Hispanic White
(72%) and women (58%) at the first time point (ie, 2010;
Table 1). Participants were most likely to be aged 60 to
75 years (46%), reported an annual household income
of $25 000 to $75 000 (43%), and had a high school
diploma or less (70%). These percentages remained
relatively consistent in both 2014 and 2018, with the ex-
ception of the age category given that some participants
moved into older categories across the 3 time points.
When stratified by race and ethnicity, participants
who self-identified as non-Hispanic Black or Hispanic
or Latino had greater proportions of participants who
reported less income (across the 3 time points) and
had a high school diploma or less compared with those
who identified as non-Hispanic White and non-Hispanic
other race. Those who identified as non-Hispanic White
were older than all other racial and ethnic groups.

Cross-Sectional LCAs
Identification of Latent Classes

The 5-class solution was selected as the best fitting
model based on model fit indexes (ie, the SA-BIC and
entropy) and adequate class sizes (ie, classes >5%)
(Figure S1). The probabilities of being members of
each class, contributing to entropy, are represented in
Figure S2. Measurement invariance was established
for all indicators, except for the one item measuring
close relationships. This model revealed slightly bet-
ter fit when direct effects between the sociodemo-
graphic covariates and the close relationships item
were included. After adding these direct effects to the
5-class solution, the classes remained consistent with
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the unconditional model, and all subsequent analyses
included these direct paths. The 5 classes were then
labeled on the basis of the relative differences in the
probabilities of unmet needs across classes (Table 2).
Class 1, labeled Generally Unmet Needs (12.6% of
the study population), was characterized by medium to
high probability of unmet needs for most unmet needs
indicators. Class 2, labeled Unmet Self-Efficacy/Goal
Needs (12.1% of the study population), was character-
ized by medium and higher probabilities of unmet es-
teem and self-fulfillment needs. Class 3, labeled Unmet
Social Belonging Needs (13.4% of the study population),
was characterized by high probability of unmet social
belonging needs. Class 4, labeled Unmet Financial
Needs (20.3% of the study population), was character-
ized by high probability of financial strain. Finally, Class
5, labeled Generally Met Needs (41.6% of the study
population), was characterized by low probability of
unmet need for all 15 unmet needs indicators (Figure 2).

Hypertension and Diabetes Status (Distal
Outcomes)

Consistent patterns emerged in the prevalence of hy-
pertension and diabetes associated with the latent
classes at each time point. Participants in the Generally
Unmet Needs class in 2010 had higher odds of having
hypertension compared with all other classes at all 3
time points and the ORs were highest compared with
the Generally Met Needs class (OR, 1.80 [95% Cl, 1.35—
2.40] [2010]; OR, 1.97 [95% CI, 1.33-2.93] [2014]; and
OR, 214 [95% ClI, 1.38-3.33] [2018]) (Tables 3 and 4).
Participants in the Generally Unmet Needs and the
Unmet Financial Needs classes in 2010 had higher odds
of having diabetes compared with the Generally Met
Needs class at all 3 time points (OR, 1.94 [95% Cl, 1.45-
2.59] [2010]; OR, 1.99 [95% ClI, 1.49-2.68] [2014]; and
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Table 2. Estimated Probabilities of Unmet Needs for Each Class in 2010 Cross-Sectional Analysis

Hypertension, Diabetes, Stress in Older Adults

Class 2:

Class 1: Unmet Self- Class 3: Class 4:

Generally Efficacy/Goal Unmet Social Unmet Financial Class 5:

Unmet Needs Needs Belonging Needs Needs Generally Met Needs
Needs (n=860; 12.6%) (n=826; 12.1%) (n=918; 13.4%) (n=1392; 20.3%) (n=2844; 41.6%)
Lack of rest 0.35 017 0.11 0.16 0.08
Food insecurity 0.31 0.01 0.02 0.22 0.01
Housing problems 0.54 0.08 0.06 0.38 0.01
Financial strain 0.93 0.30 0.40 0.91 0.24
Lack of physical safety 0.33 0.21 0.14 0.24 0.06
Lack of certainty 0.53 0.36 0.22 0.16 0.04
Isolated from others 0.89 0.26 0.85 0.27 0.09
Lack of companionship 0.87 0.41 1.00 0.44 0.16
Close relationship 0.58 0.1 0.35 0.38 0.09
problems
Low social status 0.58 0.1 0.10 0.27 0.02
Low respect from others 0.66 0.23 0.40 0.35 017
Inability to do desired 0.55 0.58 0.10 0.08 0.00
things
Inability to reach goals 0.68 0.45 0.31 0.31 0.09
Inability to do anything 0.40 0.53 0.09 0.03 0.03
mind is set to do
Lack of direction and 0.40 0.22 0.18 0.09 0.06
purpose in life

Shaded cells indicate highest estimated probabilities of unmet needs across latent classes.

OR, 1.89 [95% ClI, 1.33-2.68] [2018] [Generally Unmet
Needs]; OR, 1.47 [95% ClI, 1.14-1.91] [2010]; OR, 1.37
[95% Cl, 1.01-1.87] [2014]; and OR, 1.58 [95% Cl, 1.14—
2.17] [2018] [Unmet Financial Needs]) (Tables 3 and 4).

Sociodemographic Characteristics (Covariates)

On the basis of the distal outcome analysis, the co-
variate analysis focused on the association between
race and ethnicity and the classes associated with
higher odds of hypertension and diabetes (ie, Class 1,
Generally Unmet Needs, and Class 4, Unmet Financial
Needs, compared with Class 5, Generally Met Needs).
On the basis of latent class membership in 2010, non-
Hispanic Black participants had higher odds of being
members of the Generally Unmet Needs and Unmet
Financial Needs classes versus the Generally Met
Needs class (OR, 2.70 [95% Cl, 1.59-4.58]; OR, 4.74
[95% Cl, 3.32-6.76], respectively). Hispanic or Latino
participants versus non-Hispanic White participants
did not have higher odds of belonging to the Generally
Unmet Needs or Unmet Financial Needs classes com-
pared with the Generally Met Needs class (Table 5).

Latent Transition Analysis

The 5-class solution was selected as the best fitting
model in 2010, 2014, and 2018 based on model fit
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indexes and adequate class sizes over 5% (Figures S3
and S4). The tests for measurement invariance revealed
invariance of indicators across time as the fully con-
strained model had stronger fit based on SA-BIC com-
pared with the less restrictive free model. The classes
were highly consistent across the 3 time points (Figure 3).
The analysis revealed relatively stable latent class
membership across time (Figure 4). The probability
that participants would remain in their original classes
(ie, their class membership in 2010 and 2014, respec-
tively) ranged from 69% to 93% between 2010 and
2014 (average probability, 78%) and from 63% to 93%
between 2014 and 2018 (average probability, 76%)
(Figure 4). Participants in Class 5, Generally Met Needs,
had the highest probability of remaining in the same
class across both sets of time points (93% for both
transition points), followed by Class 1, Generally Unmet
Needs (80%; 2010-2014), and Class 3, Unmet Social
Belonging Needs (78%; 2014-2018). Furthermore, re-
maining in the Generally Met Needs class at all 3 time
points was the most frequent pattern across time
(31.6% of the total population), yet 49.4% of partici-
pants were never members of the Generally Met Needs
class. The odds of being in the Generally Met Needs
class at any time point were lower for non-Hispanic
Black participants compared with non-Hispanic White
participants (OR, 0.60 [95% ClI, 0.42-0.84]) (Table 6).
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Figure 2. Five-class solution of estimated probabilities of unmet needs for the 2010 cross-sectional analysis.

The figure represents the estimated probabilities of unmet needs across the 15 needs indicators (with 1 representing unmet needs) for
each of the latent classes in the 2010 5-class solution. The 15 needs indicators are listed on the x axis. The percentage of participants
from the overall sample included in each latent class is listed in the figure legend.

In examining the transition probabilities with respect
to race and ethnicity, the odds of transitioning from
the Generally Met Needs class into Unmet Financial
Needs class relative to staying in the Generally Met
Needs class was higher for non-Hispanic Black partic-
ipants compared with non-Hispanic White participants
from 2010 to 2014 (OR, 3.02 [95% CI, 1.16-7.87)). In
addition, the odds of transitioning out of the Unmet
Financial Needs class into the Generally Met Needs
class relative to staying in the Unmet Financial Needs
class were lower for non-Hispanic Black participants
compared with non-Hispanic White participants from
2010 to 2014 (OR, 0.33, [95% ClI, 0.13-0.86). There
were no differences in transition probabilities between
Hispanic or Latino participants and non-Hispanic White
participants (Table 7). All covariate effects on transition
probabilities are presented in Table S2.

DISCUSSION

The present study examined the extent to which under-
lying stress profiles were associated with hypertension
and diabetes status using a large population-based
sample that included substantial representation of older
Black and Hispanic or Latino adults. This research ad-
dressed gaps in the chronic stress and health dispari-
ties literature by measuring stress based on a broad
range of unmet needs, including social stressors that

J Am Heart Assoc. 2022;11:e024594. DOI: 10.1161/JAHA.121.024594

are often missing from stress research and dispropor-
tionately affect the health of non-Hispanic Black and
Hispanic or Latino populations (eg, lack of social sta-
tus and respect from others).?*20 In addition, this study
examined whether non-Hispanic Black and Hispanic
or Latino participants were more likely to experience
latent class stress profiles associated with hyperten-
sion and diabetes and whether race and ethnicity were
associated with transitioning between latent classes of
stress from 2010 to 2018.

Key Results

Identification of Latent Classes of Stress and
Associations With Hypertension and Diabetes

Findings from the LCA revealed 5 distinct patterns,
including Generally Unmet Needs, Unmet Self-
Efficacy/Goal Needs, Unmet Financial Needs, Unmet
Social Belonging Needs, and Generally Met Needs.
Consistent with previous LCAs?836 and research on the
accumulation of stressors across life domains,?#25:35.55
the present study identified a class in which individuals
reported a high number of stressors in all domains (ie,
Generally Unmet Needs). Prior evidence suggests that
individuals can experience high clusters of overlapping
stressors, given that multiple stressors in various life
domains are often correlated.®® Furthermore, stress-
ful experiences can diminish resources (eg, material,

10
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Table 4. Estimated Probabilities of Hypertension and Diabetes for Each Class in 2010 Cross-Sectional Analysis

2010
Hypertension 0.75 0.69 0.65 0.66 0.61
Diabetes 0.28 0.24 0.21 0.24 0.16
2014
Hypertension 0.78 0.76 0.62 0.66 0.61
Diabetes 0.32 0.26 0.21 0.26 0.18
2018
Hypertension 0.81 0.75 0.63 0.66 0.64
Diabetes 0.34 0.26 0.23 0.32 0.22

Models adjusted for direct effects of sociodemographic characteristics on hypertension and diabetes (ie, race and ethnicity, sex, age, income, and education).

Table 5. Multinomial Logistic Regression of Sociodemographic Covariates for the 2010 5-Class Solution Model

*Non-Hispanic Black/African American (vs non-Hispanic White)

2.70 (1.59-4.58)

1.99 (1.15-3.43)

0.93 (0.53-1.64)

4.74 (3.32-6.76)

*Hispanic or Latino (vs non-Hispanic White)

0.79 (0.44-1.40)

1.25 (0.47-3.31)

1.05 (0.63-1.76)

1.71 (0.99-2.96)

*Non-Hispanic Other Race (vs non-Hispanic White)

2.39 (1.11-5.16)

1.30 (0.49-3.41)

1.50 (0.63-3.56)

3.53 (1.81-6.88)

Univariate estimates

Non-Hispanic Black/African American (vs non-Hispanic White)

514 (3.06-8.62)

2.74 (1.61-4.67)

119 (0.75-1.90)

7.77 (6.62-10.73)

Hispanic or Latino (vs non-Hispanic White)

2.35 (1.38-3.99)

0.92 (0.44-1.92)

1.55 (0.95- 2.53)

417 (2.59-6.74)

Non-Hispanic Other Race (vs non-Hispanic White)

*Men (vs women)

3.21 (1.64-6.27)

1.08 (0.84-1.40)

0.96 (0.35- 2.65)

0.71 (0.55-0.90)

1.50 (0.66-3.42)

0.84 (0.67-1.05)

3.72 (2.03-6.82)

0.99 (0.76-1.29)

Univariate estimates

Men (vs women)

*<60 (vs 60-75)

0.86 (0.69-1.06)

3.80 (2.66-5.43)

0.63 (0.48-0.82)

0.62 (0.40-0.95)

0.73 (0.59-0.91)

1.47 (1.03-2.11)

0.89 (0.70-1.13)

3.64 (2.74-4.83)

*>75 (vs 60-75)

0.36 (0.22-0.60)

2.08 (1.44-3.00)

112 (0.80-1.56)

0.32 (0.21-0.50)

Univariate estimates

<60 (vs 60-75)

217 (1.64-2.88)

0.58 (0.38-0.88)

1.20 (0.83-1.74)

2.55 (2.01-3.22)

>75 (vs 60-75)

*<25 000 (vs 25 000-75 000)

0.67 (0.47-0.95)

6.22 (4.57-8.49)

2.33 (1.73-3.15)

1,59 (1.07-2.38)

1.48 (1.12-1.96)

1.98 (1.41-2.78)

0.43 (0.27-0.69)

2.74 (1.89-3.99)

*>75 000 (vs 25 000-75 000)

0.20 (0.11-0.36)

0.69 (0.50-0.95)

0.75 (0.56-1.02)

0.29 (0.19-0.42)

Univariate estimates

<25 000 (vs 25 000-75 000)

4.99 (3.67-6.80)

216 (1.44-3.24)

2.01 (1.47-2.75)

2.70 (1.92-3.79)

>75 000 (vs 25 000-75 000)

*College degree or higher (vs high school diploma or lower)

0.22 (0.13-0.39)

0.39 (0.29-0.53)

0.46 (0.33-0.64)

0.56 (0.39-0.82)

0.72 (0.55-0.94)

0.85 (0.67-1.09)

0.32 (0.22-0.47)

0.42 (0.30-0.59)

Univariate estimates

College degree or higher (vs high school diploma or lower)

0.27 (0.20-0.37)

0.44 (0.33-0.60)

0.70 (0.55-0.90)

0.31 (0.22-0.43)

Odds ratios of being members of given class compared with Class 5, Generally Met Needs, profile as reference. OR indicates odds ratio. The 95% Cls are

presented in parentheses.

*Represents estimates from model including all covariates. Univariate estimates presented below.
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Figure 3. Cross-sectional 5-class solutions of unmet needs (2010, 2014, and 2018).
The figure represents the estimated probabilities of unmet needs across the 15 needs indicators (with 1 representing unmet needs) for
each of the latent classes in the 2010, 2014, and 2018 5-class solutions. The 15 needs indicators are listed on the x axis.

social, and/or cognitive), which increases the risk of
experiencing additional stressors.5"%® Socioeconomic
and residential disadvantage, for example, can in-
crease exposure to other associated stressors (eg,
poverty-related stress, unemployment, and unsafe
living), while limiting socioeconomic resources to use
as buffers of stress.?>%” In the present study, those
in the Generally Unmet Needs class were more likely
to report lower income and education level, aligning
with prior literature. Moreover, previous evidence sug-
gests an association between psychological stressors
and a greater risk of chronic disease and mortality.%®
Consistent with these findings, those in the Generally
Unmet Needs class had significantly higher odds of
hypertension and diabetes compared with those in the
Generally Met Needs class.

In addition, the present study identified classes
characterized as Unmet Financial Needs and Unmet
Social Belonging Needs. These classes are also con-
sistent with the results of other LCAs among older
adults.?® In the present study, however, compared with
the Generally Met Needs class, those in the Unmet
Financial Needs class had higher odds of diabetes,
whereas those in the Unmet Social Belonging Needs
class did not have higher odds of hypertension or di-
abetes. These findings may be partially explained by
previous literature connecting social status and finan-
cial resources to well-being.?%8" The Unmet Social
Belonging Needs class had lower probabilities of
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unmet social status needs and financial strain, which
may suggest that their perceptions of high status and
low financial strain may protect against the physical ef-
fects of social belonging stress.

Stress Profiles Experienced by Non-Hispanic
Black Participants

Non-Hispanic Black participants were more likely to be
members of the Generally Unmet Needs class, which
had a higher probability of hypertension and diabetes
(compared with the Generally Met Needs class) and
had the highest probabilities of unmet needs for so-
cial status and respect from others. In addition, non-
Hispanic Black participants were more likely to be
members of the Unmet Financial Needs class, which
had a higher probability of diabetes (compared with
the Generally Met Needs class). These findings reflect
previous literature reporting that the co-occurrence
of multiple stressors was higher among Black par-
ticipants compared with White participants and that
lower social status, interpersonal discrimination, and
financial hardship are disproportionately experienced
by Black adults compared with their White counter-
parts.?425356263 Fyrthermore, these findings are also
consistent with previous studies linking these stress-
ors to CVD and diabetes among Black adults.5'.64-66
Together, the present study suggests that non-Hispanic
Black adults are at an increased risk of hypertension
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Figure 4. Latent class transition probabilities.

This figure represents the estimated probabilities of transitioning between classes from 2010 to 2014 and from 2014 to 2018. The x
axis lists class membership in 2010 (top) and 2014 (bottom). The bars represent the probabilities of transitioning from the classes in
2010 to each class in 2014 (top), and from the classes in 2014 to each class in 2018 (bottom). For example, in the top graph, the first
purple bar listed in “Class 1 in 2010” (80%) suggests that 80% of individuals in Class 1 in 2010 were also in Class 1 in 2014. The next
highest frequency in the “Class 1 in 2010” category, the blue bar (8%), suggests that 8% of individuals who were in Class 1 in 2010

transitioned to Class 4 in 2014.

and diabetes through their higher likelihood of expe-
riencing an overall pattern of unmet needs as well as
unmet financial needs. These findings also extend the
literature on social status and discrimination by includ-
ing these indicators in a comprehensive measure of
stress related to hypertension and diabetes.

Stress Profiles Experienced by Hispanic or
Latino Participants

The present study did not find evidence that Hispanic
or Latino participants were more or less likely to be
members of the latent classes that were associated
with hypertension and diabetes, which may reflect
the mixed evidence in the literature linking chronic
stress to chronic disease among Hispanic and Latino

populations.®” Previous studies suggest that variations
in both stress exposure and health among Hispanic
and Latino populations may differ by nativity status
(foreign-born versus US-born Hispanic adults),®® dif-
ferences in Hispanic or Latino subgroups,®® and/or
sociocultural factors, such as acculturation and return
migration later in life, which can differentially impact
health.®®~" Given that the present study examined
Hispanic and Latino ethnicity as Hispanic or Latino
versus not Hispanic or Latino because of small sample
sizes within Hispanic or Latino ethnicity, there may be
important subgroup differences based on country of
origin or acculturation that could be further explored.
In addition, the HRS participants’ older age may be
another important consideration for interpreting this
pattern of results, and the study of stress and chronic
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Table 6. ORs of Being a Member of Class 5, Generally Met
Needs, at >1 Time Point(s)

Variable OR (95% ClI)
Race and ethnicity (vs non-Hispanic White)

Non-Hispanic Black 0.60 (0.42-0.84)

Hispanic or Latino 1.27 (0.88-1.83)

Non-Hispanic other race 0.48 (0.23-0.99)
Sex (vs women)

Men 1.04 (0.87-1.24)
Age, y (vs 60-75)

<60 0.55 (0.46-0.66)

>75 1.27 (0.95-1.70)
Income, $ (vs 25 000-75 000)

<25 000 reported in 2010 0.83 (0.59-1.15)

>75 000 reported in 2010 1.31 (1.03-1.66)

<25 000 reported in 2014 0.48 (0.31-0.73)

>75 000 reported in 2014 1.21 (0.89-1.65)

<25 000 reported in 2018 0.72 (0.52-0.98)

>75 000 reported in 2018 1.60 (1.14-2.23)
Education (vs high school diploma or lower)

College degree or higher ‘ 1.20 (0.95-1.51)

OR indicates odds ratio.

health conditions in older Hispanic and Latino popula-
tions requires further attention.”

Stability of Latent Classes Over Time and
Transition Probabilities Associated With
Race and Ethnicity

The emergence of the same 5-class solution identified
across 3 separate time points as well as the high prob-
abilities of remaining in the same class in 2010, 2014,
and 2018 suggest that latent class membership based
on unmet needs is relatively stable over time.”>™ More
important, participants with the lowest unmet needs
(ie, Generally Met Needs) and the highest unmet needs
(ie, Generally Unmet Needs) had the highest average
probabilities of remaining in the same class across the
3 time points (93% and 78%, respectively). These find-
ings reiterate the importance of privilege and vulner-
ability as most of those with met needs continued to
have their needs met and most of those with unmet
needs continued with the same unmet needs between
time points. Given that participants in the Generally
Unmet Needs class had a higher likelihood of hy-
pertension and diabetes compared with those in the
Generally Met Needs class, were more likely to identify
as non-Hispanic Black, and were more likely to report
lower income and lower education attainment, these
findings are particularly relevant to understanding the
perpetuation of health disparities among racial and
ethnic minority populations and those with lower so-
cioeconomic status.

J Am Heart Assoc. 2022;11:e024594. DOI: 10.1161/JAHA.121.024594
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Overall, there were few covariate effects on the tran-
sition probabilities, which likely reflects the relatively
low proportion of participants transitioning between
classes between time points. For those who did tran-
sition between classes, there were notable patterns
that varied by race and ethnicity. Specifically, the odds
of transitioning into the Unmet Financial Needs class
from the Generally Met Needs class were lower and
the odds of transitioning from the Generally Met Needs
class into the Unmet Financial Needs class were higher
for non-Hispanic Black participants compared with
non-Hispanic White participants. These findings sug-
gest that transitioning to improved life circumstances
over time may be more difficult and the transition from
met needs to unmet financial needs may be more
likely for non-Hispanic Black older adults compared
with non-Hispanic White older adults. These findings
highlight the importance of studying racial and ethnic
differences in transitioning between classes of unmet
needs as they relate to disparities in hypertension and
diabetes outcomes.

Limitations
There are important limitations to consider when inter-
preting the findings from this study. Although the data
include measures of hypertension and diabetes at
multiple time points, the ability to make causal claims
about the impact of chronic stress on hypertension
and diabetes is limited. In addition, the HRS item on
self-identified race is limited to White, Black, or “other”
race. This reduces the ability to understand the racial
groups represented by the “other” race category and
limits the ability to interpret findings for additional ra-
cial groups. With respect to the stress measures, the
measures based on Maslow’s Hierarchy of Needs as-
sume that these needs are universal, yet these items
may not adequately capture stress among all individu-
als and may have underestimated the full impact of
chronic stress on hypertension and diabetes.
Furthermore, the presence of direct effects of the
covariates on the close relationship indicator sug-
gests these findings should be interpreted carefully.
To examine these concerns related to measurement
noninvariance with respect to race and ethnicity, the
5-class solutions were estimated using multiple group
analysis. The patterns of latent classes were consistent
across racial and ethnic groups (Figure S5), thereby
suggesting configural invariance of the underlying la-
tent classes. Moreover, in the models stratified by race
and ethnicity, the proportions of participants within
each class varied according to the findings from the
latent class covariate analysis. Together, these findings
provide confidence in the general results of this study,
despite the direct effects of covariates on the indica-
tors. Finally, small cell sizes within certain categories
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of the transition analysis resulted in relatively wide Cls
for these cells. These point estimates should be inter-
preted with caution.

Strengths

Despite these limitations, the present study included
several strengths. Specifically, this study addressed
calls to measure stress across multiple domains and
examined the association between a multidimensional
measure of stress and hypertension and diabetes
status. This study also focused on older adults who
may experience unique patterns of stress and are at
increased risk of hypertension and diabetes. Moreover,
this study examined whether the associations be-
tween stress, hypertension, and diabetes status varied
by race and ethnicity, with a specific focus on non-
Hispanic Black and Hispanic or Latino older adults.
Finally, this study extended previous cross-sectional
studies on chronic stress by examining patterns of
change over time.

Implications for Future Research

Future studies could consider using latent class me-
diation analysis to examine whether certain latent
classes of stress influence specific health characteris-
tics (eg, body mass index and self-rated health status),
in turn, increasing the risk of developing hypertension
and diabetes. In addition, future research could ex-
amine whether latent classes of stress are associated
with incident hypertension and diabetes status in study
populations who have low prevalence of hypertension
and diabetes at baseline.

Implications of the present work may also be con-
sidered in the context of other pressing lines of re-
search in the aging population. Frailty syndrome, for
example, has gained increased attention in the role of
CVD, as a state of increased physiological vulnerabil-
ity in older adults.”>"® In addition to declines in multiple
organs in the system, frailty reduces the ability to cope
with stress, thereby increasing the likelihood of addi-
tional declines in physical and mental health.””"® Given
the strong connections between frailty and stress (eg,
lack of social support, environmental stressors, and fi-
nancial strain), the present research might suggest an
association between latent classes of stress based on
unmet needs, frailty syndrome, and hypertension and
diabetes. Future studies may consider examining these
relationships and are especially needed to inform strate-
gies to address expected increases in chronic diseases
among the aging population in the coming decades.

Finally, this study provides a contextual approach
to understand the dynamic complexities of unmet
needs that affect hypertension and diabetes status.
The groupings observed in the present study (eg, the
grouping of unmet needs, classes with high prevalence
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of both hypertension and diabetes, and the grouping
of racial and ethnic minority status, lower income, and/
or education) may be considered using a syndemic
framework (ie, examining the ways in which biological,
social, behavioral, and environmental factors dynam-
ically interact with co-occurring diseases’™). These
findings can also be applied to research on syndemic
vulnerabilities and the right to health (ie, addressing so-
cial, political, and structural determinants to confront
health inequities holistically®?). The person-centered
approach in the present study aligns well with the
holistic approach of syndemic vulnerabilities and has
significant implications. Specifically, intervention ap-
proaches may investigate the determinants of health
that may be the most changeable among those dis-
proportionately burdened with unmet needs, hyper-
tension, and diabetes.

CONCLUSIONS

Consistent with prior literature, the present study rein-
forces the negative impact of co-occurring stress and
financial hardship on the health of non-Hispanic Black
older adults and further highlights the importance of ex-
amining psychosocial stressors as predictors of hyper-
tension and diabetes. The present study also reiterates
the need for the continued study of stress and chronic
disease among Hispanic or Latino older adults to help
resolve mixed evidence in the literature. Such findings
could be used in support of policies and programs di-
rected at improving health equity through addressing
the roots of chronic stress across multiple levels (eg,
improving access to physiological needs via antipoverty
and food security programs, antiracism strategies to re-
duce interpersonal and institutional discrimination that
affects safety/security, social belonging, and esteem
needs). These efforts, along with the continued study of
the ways in which chronic stress impacts hypertension
and diabetes, may help reduce disparities in CVD.

ARTICLE INFORMATION
Received November 4, 2021; accepted April 1, 2022.

Affiliations

Division of Intramural Research, National Institute on Minority Health and
Health Disparities, National Institutes of Health, Bethesda, MD (J.R.F,
FAM.l., EW., AT.F); and Department of Social and Behavioral Sciences,
Harvard University T. H. Chan School of Public Health, Boston, MA (N.S.).

Acknowledgments

The authors would like to thank the participants, sponsors, coinvestigators,
and staff of the HRS (Health and Retirement Study).

Sources of Funding

This research was supported by the Division of Intramural Research, National
Institute on Minority Health and Health Disparities, National Institutes
of Health. The HRS (Health and Retirement Study) is sponsored by the
National Institute on Aging (grant NIA U0O1AG009740) and the Social Security
Administration and is conducted by the University of Michigan.

17



Fernandez et al

Disclosures
Disclaimer: The views expressed in this manuscript are those of the au-

thors and do not necessarily represent the views of the National Institute on
Minority Health and Health Disparities (NIMHD).

Supplemental Material

Tables S1-S2
Figures S1-S5

REFERENCES

1.

J Am Heart Assoc. 2022;11:e024594. DOI: 10.1161/JAHA.121.024594

Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson
AP, Chamberlain AM, Chang AR, Cheng S, Das SR, American Heart
Association Council on Epidemiology and Prevention Statistics Committee
and Stroke Statistics Subcommittee, et al. Heart disease and stroke
statistics—2019 update: a report from the American Heart Association.
Circulation. 2019;139:e56-e528. doi: 10.1161/CIR.0000000000000659
Fuchs FD, Whelton PK. High blood pressure and cardiovascular dis-
ease. Hypertension. 2020;75:285-292. doi: 10.1161/HYPERTENSI
ONAHA.119.14240

Raghavan S, Vassy JL, Ho Y-L, Song RJ, Gagnon DR, Cho K, Wilson
PWF, Phillips LS. Diabetes mellitus-related all-cause and cardio-
vascular mortality in a national cohort of adults. J Am Heart Assoc.
2019;8:e011295. doi: 10.1161/JAHA.118.011295

Centers for Disease Control and Prevention. Facts about hyperten-
sion. 2021. Available at: https://www.cdc.gov/bloodpressure/facts.htm.
Accessed July 19, 2021.

Flint AC, Conell C, Ren X, Banki NM, Chan SL, Rao VA, Melles RB, Bhatt
DL. Effect of systolic and diastolic blood pressure on cardiovascular out-
comes. N Engl J Med. 2019;381:243-251. doi: 10.1056/NEJM0a1803180
National Institute of Diabetes and Digestive and Kidney Diseases.
Diabetes, heart disease, & stroke. 2021. Available at: https://www.
niddk.nih.gov/health-information/diabetes/overview/preventing-probl
ems/heart-disease-stroke. Accessed July 19, 2021.

Ahmad FB, Anderson RN. The leading causes of death in the US for
2020. JAMA. 2021;325:1829-1830. doi: 10.1001/jama.2021.5469
Centers for Disease Control and Prevention. National diabetes statistics
report. 2020.

Chobanian AV. SPRINT results in older patients: how low to go? JAMA.
2016;315:2669-2670. doi: 10.1001/jama.2016.7070

Lagraauw HM, Kuiper J, Bot I. Acute and chronic psychological stress
as risk factors for cardiovascular disease: insights gained from ep-
idemiological, clinical and experimental studies. Brain Behav Immun.
2015;50:18-30. doi: 10.1016/j.bbi.2015.08.007

Balfour PC Jr, Rodriguez CJ, Ferdinand KC. The role of hypertension in
race-ethnic disparities in cardiovascular disease. Curr Cardiovasc Risk
Rep. 2015;9:18. doi: 10.1007/s12170-015-0446-5

Spanakis EK, Golden SH. Race/ethnic difference in diabetes and di-
abetic complications. Curr Diab Rep. 2013;13:814-823. doi: 10.1007/
511892-013-0421-9

Campos CL, Rodriguez CJ. High blood pressure in Hispanics in the
United States: a review. Curr Opin Cardiol. 2019;34:350-358. doi:
10.1097/HCO.0000000000000636

Rodriguez CJ, Still CH, Garcia KR, Wagenknecht L, White S, Bates JT,
Del Cid MV, Lioudis M, Lopez Barrera N, Moreyra A, et al. Baseline
blood pressure control in Hispanics: characteristics of Hispanics
in the Systolic Blood Pressure Intervention Trial. J Clin Hypertens.
2017;19:116-125. doi: 10.1111/jch.12942

Odlum M, Moise N, Kronish IM, Broadwell P, Alcantara C, Davis NJ,
Cheung YKK, Perotte A, Yoon S. Trends in poor health indicators
among black and hispanic middle-aged and older adults in the United
States, 1999-2018. JAMA Netw Open. 2020;3:€2025134. doi: 10.1001/
jamanetworkopen.2020.25134

Levine DA, Galecki AT, Langa KM, Unverzagt FW, Kabeto MU, Giordani
B, Cushman M, McClure LA, Safford MM, Wadley VG. Blood pressure
and cognitive decline over 8 years in middle-aged and older black and
white Americans. Hypertension. 2019;73:310-318. doi: 10.1161/HYPER
TENSIONAHA.118.12062

Stickel A, McKinnon A, Ruiz J, Grilli MD, Ryan L; Alzheimer’s Disease
Neuroimaging I. The impact of cardiovascular risk factors on cognition
in Hispanics and non-Hispanic whites. Learn Mem. 2019;26:235-244.
doi: 10.1101/Im.048470.118

18.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

39.

Hypertension, Diabetes, Stress in Older Adults

Black SA. Diabetes, diversity, and disparity: what do we do with the evi-
dence? Am J Public Health. 2002;92:543-548. doi: 10.2105/AJPH.92.4.543
Wu C-Y, Hu H-Y, Chou Y-J, Huang N, Chou Y-C, Li C-P. High blood
pressure and all-cause and cardiovascular disease mortalities in
community-dwelling older adults. Medicine. 2015;94:¢2160. doi:
10.1097/MD.0000000000002160

Boyle JP, Thompson TJ, Gregg EW, Barker LE, Williamson DF. Projection
of the year 2050 burden of diabetes in the US adult population: dynamic
modeling of incidence, mortality, and prediabetes prevalence. Popul
Health Metr. 2010;8:29. doi: 10.1186/1478-7954-8-29

National Institute on Aging. The National Institute on Aging: Strategic
Directions for Research, 2020-2025. National Institute on Aging; 2020.
Spruill TM. Chronic psychosocial stress and hypertension. Curr
Hypertens Rep. 2010;12:10-16. doi: 10.1007/s11906-009-0084-8
Joseph JJ, Golden SH. Cortisol dysregulation: the bidirectional link be-
tween stress, depression, and type 2 diabetes mellitus. Ann N Y Acad
Sci. 2017;1391:20-34. doi: 10.1111/nyas.13217

Perry BL, Harp KLH, Oser CB. Racial and gender discrimination
in the stress process: implications for African American women’s
health and well-being. Sociol Perspect. 2013;56:25-48. doi: 10.1525/
s0p.2012.56.1.25

Burroughs Pefia MS, Mbassa RS, Slopen NB, Williams DR, Buring JE,
Albert MA. Cumulative psychosocial stress and ideal cardiovascular
health in older women. Circulation. 2019;139:2012-2021. doi: 10.1161/
CIRCULATIONAHA.118.033915

Epel ES, Crosswell AD, Mayer SE, Prather AA, Slavich GM, Puterman E,
Mendes WB. More than a feeling: a unified view of stress measurement
for population science. Front Neuroendocrinol. 2018;49:146-169. doi:
10.1016/j.yfrne.2018.03.001

Lavretsky H, Newhouse PA. Stress, inflammation, and aging. Am J Geriatr
Psychiatry. 2012;20:729-733. doi: 10.1097/JGP.0b013e31826573cf

Shin O, Park S, Kang JY, Kwak M. Types of multidimensional vulnera-
bility and well-being among the retired in the U.S. Aging Ment Health.
2021;25:1361-1372. doi: 10.1080/13607863.2020.1768212

Crosswell AD, Lockwood KG. Best practices for stress measure-
ment: how to measure psychological stress in health research. Health
Psychol Open. 2020;7:2055102920933072. doi: 10.1177/2055102920
933072

Turner RJ, Avison WR. Status variations in stress exposure: implications
for the interpretation of research on race, socioeconomic status, and
gender. J Health Soc Behav. 2003;44:488-505. doi: 10.2307/1519795
Berkowitz SA, Hulberg AC, Standish S, Reznor G, Atlas SJ. Addressing
unmet basic resource needs as part of chronic cardiometabolic disease
management. JAMA Intern Med. 2017;177:244-252. doi: 10.1001/jamai
nternmed.2016.7691

Gerber M, Isoard-Gautheur S, Schilling R, Ludyga S, Brand S, Colledge
F. When low leisure-time physical activity meets unsatisfied psycho-
logical needs: insights from a stress-buffer perspective. Front Psychol.
2018;9:2097. doi: 10.3389/fpsyg.2018.02097

Martela F, Sheldon KM. Clarifying the concept of well-being: psycho-
logical need satisfaction as the common core connecting eudaimonic
and subjective well-being. Rev Gen Psychol. 2019;23:458-474. doi:
10.1177/1089268019880886

Fleury M-J, Grenier G, Sabetti J, Bertrand K, Clément M, Brochu S.
Met and unmet needs of homeless individuals at different stages of
housing reintegration: a mixed-method investigation. PLoS One.
2021;16:e0245088. doi: 10.1371/journal.pone.0245088

Sternthal MJ, Slopen N, Williams DR. Racial disparities in health: how
much does stress really matter? Du Bois Rev. 2011;8:95-113. doi:
10.1017/S1742058X11000087

Cappelletti ER, Kreuter MW, Boyum S, Thompson T. Basic needs, stress
and the effects of tailored health communication in vulnerable popula-
tions. Health Educ Res. 2015;30:591-598. doi: 10.1093/her/cyv033
Brown LL, Mitchell UA, Ailshire JA. Disentangling the stress process:
race/ethnic differences in the exposure and appraisal of chronic stress-
ors among older adults. J Gerontol B Psychol Sci Soc Sci. 2018;75:650—
660. doi: 10.1093/geronb/gby072

Fiske ST. Social Beings: Core Motives in Social Psychology. Wiley; John
Wiley [distributor]; 2010.

Elliott MR, Zhao Z, Mukherjee B, Kanaya A, Needham BL. Methods to
account for uncertainty in latent class assignments when using latent
classes as predictors in regression models, with application to accultur-
ation strategy measures. Epidemiology. 2020;31:194-204. doi: 10.1097/
EDE.0000000000001139

18


https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240
https://doi.org/10.1161/JAHA.118.011295
https://www.cdc.gov/bloodpressure/facts.htm
https://doi.org/10.1056/NEJMoa1803180
https://www.niddk.nih.gov/health-information/diabetes/overview/preventing-problems/heart-disease-stroke
https://www.niddk.nih.gov/health-information/diabetes/overview/preventing-problems/heart-disease-stroke
https://www.niddk.nih.gov/health-information/diabetes/overview/preventing-problems/heart-disease-stroke
https://doi.org/10.1001/jama.2021.5469
https://doi.org/10.1001/jama.2016.7070
https://doi.org/10.1016/j.bbi.2015.08.007
https://doi.org/10.1007/s12170-015-0446-5
https://doi.org/10.1007/s11892-013-0421-9
https://doi.org/10.1007/s11892-013-0421-9
https://doi.org/10.1097/HCO.0000000000000636
https://doi.org/10.1111/jch.12942
https://doi.org/10.1001/jamanetworkopen.2020.25134
https://doi.org/10.1001/jamanetworkopen.2020.25134
https://doi.org/10.1161/HYPERTENSIONAHA.118.12062
https://doi.org/10.1161/HYPERTENSIONAHA.118.12062
https://doi.org/10.1101/lm.048470.118
https://doi.org/10.2105/AJPH.92.4.543
https://doi.org/10.1097/MD.0000000000002160
https://doi.org/10.1186/1478-7954-8-29
https://doi.org/10.1007/s11906-009-0084-8
https://doi.org/10.1111/nyas.13217
https://doi.org/10.1525/sop.2012.56.1.25
https://doi.org/10.1525/sop.2012.56.1.25
https://doi.org/10.1161/CIRCULATIONAHA.118.033915
https://doi.org/10.1161/CIRCULATIONAHA.118.033915
https://doi.org/10.1016/j.yfrne.2018.03.001
https://doi.org/10.1097/JGP.0b013e31826573cf
https://doi.org/10.1080/13607863.2020.1768212
https://doi.org/10.1177/2055102920933072
https://doi.org/10.1177/2055102920933072
https://doi.org/10.2307/1519795
https://doi.org/10.1001/jamainternmed.2016.7691
https://doi.org/10.1001/jamainternmed.2016.7691
https://doi.org/10.3389/fpsyg.2018.02097
https://doi.org/10.1177/1089268019880886
https://doi.org/10.1371/journal.pone.0245088
https://doi.org/10.1017/S1742058X11000087
https://doi.org/10.1093/her/cyv033
https://doi.org/10.1093/geronb/gby072
https://doi.org/10.1097/EDE.0000000000001139
https://doi.org/10.1097/EDE.0000000000001139

Fernandez et al

40.

4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

J Am Heart Assoc. 2022;11:e024594. DOI: 10.1161/JAHA.121.024594

Albert MA, Durazo EM, Slopen N, Zaslavsky AM, Buring JE, Silva T,
Chasman D, Williams DR. Cumulative psychological stress and car-
diovascular disease risk in middle aged and older women: rationale,
design, and baseline characteristics. Am Heart J. 2017;192:1-12. doi:
10.1016/j.ah}.2017.06.012

Ryoo JH, Wang C, Swearer SM, Hull M, Shi D. Longitudinal model build-
ing using latent transition analysis: an example using school bullying
data. Front Psychol. 2018;9:675. doi: 10.3389/fpsyg.2018.00675

Weir D. Aging in the 21st Century: Challenges and Opportunities for
Americans: The Health and Retirement Study. University of Michigan:
Institute for Social Research; 2017.

Fisher GG, Ryan LH. Overview of the health and retirement study and
introduction to the special issue. Work Aging Retire. 2017;4:1-9. doi:
10.1093/workar/wax032

Cobb RJ, Thorpe RJ Jr, Norris KC. Everyday discrimination and kidney
function among older adults: evidence from the Health and Retirement
Study. J Gerontol A Biol Sci Med Sci. 2019;75:517-521. doi: 10.1093/
gerona/glz294

Muthén LK, Muthén B. Mplus User’s Guide: Statistical Analysis With
Latent Variables, User’s Guide. Muthén & Muthén; 2017.

Graubard BI, Korn EL. Survey inference for subpopulations. Am J
Epidemiol. 1996;144:102-106. doi: 10.1093/oxfordjournals.aje.a008847
Nylund-Gibson K, Grimm RP, Masyn KE. Prediction from latent classes:
a demonstration of different approaches to include distal outcomes
in mixture models. Struct Equ Modeling. 2019;26:967-985. doi:
10.1080/10705511.2019.1590146

Chen Q, Luo W, Palardy GJ, Glaman R, McEnturff A. The efficacy of
common fit indices for enumerating classes in growth mixture models
when nested data structure is ignored: a Monte Carlo Study. SAGE
Open. 2017;7:21568244017700459. doi: 10.1177/2158244017700459
Dziak JJ, Coffman DL, Lanza ST, Li R, Jermiin LS. Sensitivity and spec-
ificity of information criteria. Brief Bioinform. 2020;21:553-565. doi:
10.1093/bib/bbz016

Weller BE, Bowen NK, Faubert SJ. Latent class analysis: a guide to best
practice. J Black Psychol. 2020;46:287-311. doi: 10.1177/0095798420
930932

Jung T, Wickrama KAS. An introduction to latent class growth anal-
ysis and growth mixture modeling. Soc Personal Psychol Compass.
2008;2:302-317. doi: 10.1111/}.1751-9004.2007.00054.x

Shanahan L, Copeland WE, Worthman CM, Erkanli A, Angold A,
Costello EJ. Sex-differentiated changes in C-reactive protein from
ages 9 to 21: the contributions of BMI and physical/sexual maturation.
Psychoneuroendocrinology. 2013;38:2209-2217. doi: 10.1016/j.psyne
uen.2013.04.010

Masyn KE. Measurement invariance and differential item functioning
in latent class analysis with stepwise multiple indicator multiple cause
modeling. Struct Equ Modeling. 2017;24:180-197. doi: 10.1080/10705
511.2016.1254049

Muthen B. Using Mplus to do latent transition analysis and random in-
tercept latent transition analysis. 2021. Available at: https:/www.youtu
be.com/c/MplusVideos. Accessed January 14, 2021.

Lampert R, Tuit K, Hong K-I, Donovan T, Lee F, Sinha R. Cumulative
stress and autonomic dysregulation in a community sample. Stress.
2016;19:269-279. doi: 10.1080/10253890.2016.1174847

Byrne DG, Davenport SC, Mazanov J. Profiles of adolescent stress: the
development of the Adolescent Stress Questionnaire (ASQ). J Adolesc.
2007;30:393-416. doi: 10.1016/j.adolescence.2006.04.004

Moos RH. Stress and coping theory and evaluation research: an in-
tegrated perspective. Eval Rev. 1992;16:534-553. doi: 10.1177/01938
41X9201600505

Scott SB, Graham-Engeland JE, Engeland CG, Smyth JM, Almeida
DM, Katz MJ, Lipton RB, Mogle JA, Munoz E, Ram N, et al. The effects
of stress on cognitive aging, physiology and emotion (ESCAPE) project.
BMC Psychiatry. 2015;15:146. doi: 10.1186/s12888-015-0497-7

Salleh MR. Life event, stress and illness. Malays J Med Sci.
2008;15:9-18.

Hoebel J, Lampert T. Subjective social status and health: multidisci-
plinary explanations and methodological challenges. J Health Psychol.
2020;25:173-185. doi: 10.1177/1359105318800804

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Hypertension, Diabetes, Stress in Older Adults

Sturgeon JA, Arewasikporn A, Okun MA, Davis MC, Ong AD, Zautra AJ.
The psychosocial context of financial stress: implications for inflamma-
tion and psychological health. Psychosom Med. 2016;78:134-143. doi:
10.1097/PSY.0000000000000276

Trusts PC. The role of emergency savings in family financial security: how
do families cope with financial shocks. Pew Charitable Trusts; 2015.
Mama SK, Li Y, Basen-Engquist K, Lee RE, Thompson D, Wetter DW,
Nguyen NT, Reitzel LR, McNeill LH. Psychosocial mechanisms linking
the social environment to mental health in African Americans. PLoS
One. 2016;11:e0154035. doi: 10.1371/journal.pone.0154035

Carlsson AC, Starrin B, Gigante B, Leander K, Hellenius M-L, de Faire
U. Financial stress in late adulthood and diverse risks of incident car-
diovascular disease and all-cause mortality in women and men. BMC
Public Health. 2014;14:17. doi: 10.1186/1471-2458-14-17

Cuevas AG, Wiliams DR, Albert MA. Psychosocial factors and hyper-
tension: a review of the literature. Cardiol Clin. 2017;35:223-230. doi:
10.1016/j.ccl.2016.12.004

Sims M, Glover LSM, Gebreab SY, Spruill TM. Cumulative psycho-
social factors are associated with cardiovascular disease risk factors
and management among African Americans in the Jackson Heart
Study. BMC Public Health. 2020;20:566. doi: 10.1186/s12889-020-
08573-0

Schmeer KK, Tarrence J. Racial-ethnic disparities in inflammation: ev-
idence of weathering in childhood? J Health Soc Behav. 2018;59:411—
428. doi: 10.1177/0022146518784592

Ortiz MS, Myers HF, Dunkel Schetter C, Rodriguez CJ, Seeman TE.
Psychosocial predictors of metabolic syndrome among Latino groups
in the Multi-Ethnic Study of Atherosclerosis (MESA). PLoS One.
2015;10:e0124517. doi: 10.1371/journal.pone.0124517

Alcantara C, Patel SR, Carnethon M, Castafieda SF, Isasi CR, Davis S,
Ramos AR, Arredondo E, Redline S, Zee PC, et al. Stress and sleep:
results from the Hispanic Community Health Study/Study of Latinos
Sociocultural Ancillary Study. SSM Popul Health. 2017;3:713-721. doi:
10.1016/j.ssmph.2017.08.004

Ruiz JM, Hamann HA, Mehl MR, O’Connor M-F. The Hispanic health
paradox: from epidemiological phenomenon to contribution oppor-
tunities for psychological science. Group Process Intergroup Relat.
2016;19:462-476. doi: 10.1177/1368430216638540

Diaz CJ, Koning SM, Martinez-Donate AP. Moving beyond salmon
bias: Mexican return migration and health selection. Demography.
2016;53:2005-2030. doi: 10.1007/s13524-016-0526-2

Zhang Z, Hayward MD, Lu C. Is there a Hispanic epidemiologic paradox
in later life? A closer look at chronic morbidity. Res Aging. 2012;34:548—
571. doi: 10.1177/0164027511429807

Bray BC, Smith RA, Piper ME, Roberts LJ, Baker TB. Transitions in
smokers’ social networks after quit attempts: a latent transition analy-
sis. Nicotine Tob Res. 2016;18:2243-2251. doi: 10.1093/ntr/ntw173
Kam C, Morin AJS, Meyer JP, Topolnytsky L. Are commitment pro-
files stable and predictable? A latent transition analysis. J Manage.
2016;42:1462-1490. doi: 10.1177/0149206313503010

Uchmanowicz |, Lisiak M, Wontor R, ktoboz-Rudnicka M,
Jankowska-Polanska B, toboz-Grudzien K, Jaarsma T. Frailty syn-
drome in cardiovascular disease: clinical significance and research
tools. Eur J Cardiovasc Nurs. 2015;14:303-309. doi: 10.1177/14745
15114568059

Duchnowski P, Szymanski P, Ku$mierczyk M, Hryniewiecki T.
Usefulness of FRAIL scale in heart valve diseases. Clin Interv Aging.
2020;15:1071-1075.

Vaughan L, Corbin AL, Goveas JS. Depression and frailty in later life: a
systematic review. Clin Interv Aging. 2015;10:1947-1958. doi: 10.2147/
CIA.569632

Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin Interv
Aging. 2014;9:433-441. doi: 10.2147/CIA.S45300

Singer M, Bulled N, Ostrach B, Mendenhall E. Syndemics and the bio-
social conception of health. Lancet. 2017;389:941-950. doi: 10.1016/
S0140-6736(17)30003-X

Willen SS, Knipper M, Abadia-Barrero CE, Davidovitch N. Syndemic
vulnerability and the right to health. Lancet. 2017;389:964-977. doi:
10.1016/S0140-6736(17)30261-1

19


https://doi.org/10.1016/j.ahj.2017.06.012
https://doi.org/10.3389/fpsyg.2018.00675
https://doi.org/10.1093/workar/wax032
https://doi.org/10.1093/gerona/glz294
https://doi.org/10.1093/gerona/glz294
https://doi.org/10.1093/oxfordjournals.aje.a008847
https://doi.org/10.1080/10705511.2019.1590146
https://doi.org/10.1177/2158244017700459
https://doi.org/10.1093/bib/bbz016
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1111/j.1751-9004.2007.00054.x
https://doi.org/10.1016/j.psyneuen.2013.04.010
https://doi.org/10.1016/j.psyneuen.2013.04.010
https://doi.org/10.1080/10705511.2016.1254049
https://doi.org/10.1080/10705511.2016.1254049
https://www.youtube.com/c/MplusVideos
https://www.youtube.com/c/MplusVideos
https://doi.org/10.1080/10253890.2016.1174847
https://doi.org/10.1016/j.adolescence.2006.04.004
https://doi.org/10.1177/0193841X9201600505
https://doi.org/10.1177/0193841X9201600505
https://doi.org/10.1186/s12888-015-0497-7
https://doi.org/10.1177/1359105318800804
https://doi.org/10.1097/PSY.0000000000000276
https://doi.org/10.1371/journal.pone.0154035
https://doi.org/10.1186/1471-2458-14-17
https://doi.org/10.1016/j.ccl.2016.12.004
https://doi.org/10.1186/s12889-020-08573-0
https://doi.org/10.1186/s12889-020-08573-0
https://doi.org/10.1177/0022146518784592
https://doi.org/10.1371/journal.pone.0124517
https://doi.org/10.1016/j.ssmph.2017.08.004
https://doi.org/10.1177/1368430216638540
https://doi.org/10.1007/s13524-016-0526-2
https://doi.org/10.1177/0164027511429807
https://doi.org/10.1093/ntr/ntw173
https://doi.org/10.1177/0149206313503010
https://doi.org/10.1177/1474515114568059
https://doi.org/10.1177/1474515114568059
https://doi.org/10.2147/CIA.S69632
https://doi.org/10.2147/CIA.S69632
https://doi.org/10.2147/CIA.S45300
https://doi.org/10.1016/S0140-6736(17)30003-X
https://doi.org/10.1016/S0140-6736(17)30003-X
https://doi.org/10.1016/S0140-6736(17)30261-1

SUPPLEMENTAL MATERIAL



Table S1. Unmet Needs at 2010, 2014, and 2018 Timepoints

Needs Item Description Coding Frequency | Frequency | Frequency
2010 2014 2018
Physiological
Lack of rest How often do you feel really rested when you 1: Not rested (rarely or never) 1: n=942 1: n=833 1: n=662
wake up in the morning? 0: Feel rested (most of the time, 0:n=5916 | 0: n=5227 0: n=3966
sometimes)
Food insecurity In the last two years, have you always had 1: Has not always had enough 1: n=623 1: n=507 1: n=294
enough money to buy the food you need? money for food 0:n=6197 | 0: n=5510 0: n=4275
0: Has always had enough money
for food
Housing problems Mark whether or not any of these are current 1: Yes, happened 1: n=1135 1: n=972 1: n=648
and ongoing problems that have lasted twelve | 0: No, did not happen 0: n=5516 | 0: n=4332 0: n=2935
months or longer: Ongoing housing problems
Safety and security
Financial strain Mark whether or not any of these are current 1: Yes, happened 1: n=3142 1: n=2251 1: n=1321
and ongoing problems that have lasted twelve | 0: No, did not happen 0:n=3522 | 0: n=3069 0: n=2270
months or longer: Ongoing financial strain
Lack of physical safety People would be afraid to walk alone in this 1: Yes (includes items 5 and 1:n=1199 | 1:n=931 1: n=555
area after dark above on 7pt scale) 0: n=5461 | 0: n=4431 0: n=3062
0: No
Lack of certainty I have little control over the things that happen | 1: Agree 1:n=1340 | 1: n=1032 1: n=628
to me 0: Disagree 0: n=5418 | 0: n=4398 0: n=3012
Social belonging
Isolated from others How much of the time do you feel isolated 1: Yes (Some of the time, Often) | 1: n=2233 1: n=1723 1: n=1143
from others? 0: No (Hardly ever or never) 0: n=4478 | 0: n=3668 0: n=2501
Lack of companionship How much of the time do you feel you lack 1: Yes (Some of the time, Often) | 1: n=3026 | 1: n=2409 1: n=1545
companionship? 0: No (Hardly ever or never) 0: n=3727 | 0: n=3013 0: n=2124
Close relationship Mark whether or not any of these are current 1: Yes, happened 1:n=1554 | 1:n=1320 1: n=830
problems and ongoing problems that have lasted twelve | 0: No, did not happen 0: n=5095 | 0: n=3998 0: n=2755

months or longer: Ongoing problems in a close
relationship

Esteem




Needs Item Description Coding Frequency | Frequency | Frequency
2010 2014 2018
Low social status Think of this ladder as representing where 1: Perceived Low Status 1: n=931 1: n=708 1: n=386
people stand in our society. At the top of the (indicated 4 or below on ladder) 0: n=5199 | 0: n=4292 0: n=3050
ladder are the people who are the best off - 0: Perceived High Status
those who have the most money, most
education, and best jobs. At the bottom are the
people who are the worst off - who have the
least money, least education, and the worst
jobs or no jobs. The higher up you are on this
ladder, the closer you are to the people at the
very top and the lower you are, the closer you
are to the people at the very bottom
Low respect from others | You are treated with less courtesy or respect 1: Yes (Few times a year, few 1: n=1984 1: n=1512 1: n=951
than other people times a month, at least once a 0: n=4770 | 0: n=3898 0: n=2693
week, almost everyday)
0: No (Never, Less than once a
year)
Inability to do desired I can do the things I want to do 1: Disagree 1: n=1152 1: n=983 1: n=575
things 0: Agree 0: n=5622 | 0: n=4467 0: n=3080
Self-fulfillment
Inability to reach goals I feel it is impossible for me to reach the goals | 1: Agree 1: n=1931 1: n=1556 1: n=943
that I would like to strive for 0: Disagree 0: n=4791 0: n=3810 0: n=2700
Inability to do anything I can do just about anything I really set my 1: Disagree 1: n=996 1: n=830 1: n=525
mind is set to do mind to 0: Agree 0: n=5789 | 0: n=4616 0: n=3134
Lack of direction and I have a sense of direction and purpose in my 1: Disagree 1: n=916 1: n=833 1: n=520
purpose in life life 0: Agree 0: n=577 0: n=4549 0: n=3087




Table S2. All Covariate Effects Associated with Latent Class Transition Probability Odds Ratios
Odds Ratios [95% CI]
Latent Class Membership in 2010 and 2014 (Starting Classes)

Class 1 Class 2 Class 3 Class 4 Class 5
Generally Unmet Unmet Self-Efficacy/ Unmet Social Unmet Financial Generally Met
Needs Goal Needs Belonging Needs Needs Needs

Race/ethnicity (Non-Hispanic Black/African American versus Non-Hispanic White)
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 B B 1.22 0.85 1.95 1.05 0.84 0.32 2.53 0.80
Generally Unmet Needs [0.08,19.06]  [0.01,73.58]  [0.84,4.50]  [0.13,8.64]  [0.32,2.22]  [0.09,1.17]  [0.79,8.08]  [0.19,3.44]
Class 2
Unmet Self-Efficacy/ 0.82 1.18 - - 1.60 1.24 0.69 0.38 2.07 0.94

y [0.05,12.79]  [0.01,101.77] [0.11,23.84]  [0.02,94.44]  [0.06,8.02]  [0.00,34.24] [0.26,16.63] [0.01,78.85]
Goal Needs
Class 3 0.51 0.95 0.63 0.81 B B 0.43 031 1.30 0.76
Unmet Social Belonging Needs ~ [0.22,1.19]  [0.12,7.81]  [0.04,9.37]  [0.01,61.76] [0.14,1.30]  [0.03,2.71]  [0.37,4.56]  [0.15,3.77]
Class 4 1.19 3.11 1.46 2.65 233 327 - - 3.02 2.49
Unmet Financial Needs [0.45,3.16]  [0.85,11.38]  [0.13,17.06]  [0.03,239.80]  [0.77,7.03]  [0.37,29.06] [1.16,7.87]  [0.77,8.06]
Class 5 0.40 1.25 0.48 1.08 0.77 131 0.33 0.40 - -
Generally Met Needs [0.13,126]  [0.29,5.35]  [0.06,3.78]  [0.01,90.03]  [0.22,2.69]  [0.26,6.53]  [0.13,0.86]  [0.12, 1.30]

Race/ethnicity (Hispanic or Latino versus Non-Hispanic White)
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 o - 0.47 0.77 2.24 3.32 0.64 0.29 0.53 1.09
Generally Unmet Needs [0.06, 3.99] [0.03, 24.18] [0.24, 21.26] [0.26, 41.93] [0.06, 6.99] [0.03, 3.10] [0.06, 4.54] [0.09, 13.12]
Class 2
Unmet Self-Efficacy/ 2.11 1.30 o o 4.71 431 1.35 0.38 1.11 1.41

Y [0.25,17.74]  [0.04, 40.74] [0.40,54.99]  [0.25,75.39]  [0.08,24.56] [0.01,16.87] [0.07,17.80] [0.19, 10.45]
Goal Needs
Class 3 0.45 0.30 0.21 0.23 o o 0.29 0.09 0.24 0.33
Unmet Social Belonging Needs [0.05, 4.25] [0.02, 3.80] [0.02, 2.48] [0.01, 4.05] [0.02, 5.59] [0.00, 2.90] [0.02, 3.44] [0.04, 2.79]
Class 4 1.56 343 0.74 2.64 3.48 11.40 L L 0.82 3.72
Unmet Financial Needs [0.14, 16.95] [0.32, 36.48] [0.04, 13.40] [0.06, 117.79] [0.18, 67.68] [0.35, 376.70] [0.18, 3.84] [0.27, 52.03]
Class 5 1.91 091 0.90 0.72 4.23 3.06 1.22 0.27 o L
Generally Met Needs [0.22, 16.51] [0.07, 11.39] [0.06, 14.45] [0.10, 5.32] [0.29, 61.03] [0.37, 25.61] [0.26, 5.74] [0.02, 3.91]

95% confidence intervals are presented in brackets.



Odds Ratios [95% CI]
Latent Class Membership in 2010 and 2014 (Starting Classes)

Class 1 Class 2 Class 3 Class 4 Class 5
Generally Unmet Unmet Self-Efficacy/ Unmet Social Unmet Financial Generally Met
Needs Goal Needs Belonging Needs Needs Needs

Race/ethnicity (Non-Hispanic Other Race versus Non-Hispanic White)
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18  2010-14 2014-18

Class 1 - 0.32 2.29 1.70 0.74 1.44 0.39 427 0.78
Generally Unmet Needs - [0.04,231]  [0.23,2320]  [0.50,5.77]  [0.13,4.08]  [0.28,7.38]  [0.09, 1.82] [0.68,26.67]  [0.11,5.80]
Class 2
Unmet Self-Efficacy/ 3.16 0.44 - - 5.36 032 455 0.17 13.46 0.34

y [0.43,22.94]  [0.04,4.42] [0.86,33.27]  [0.05,2.06]  [0.22,94.63] [0.02,1.80] [2.97,60.98]  [0.04,2.69]
Goal Needs
Class 3 0.59 136 0.19 3.12 - - 0.85 0.53 251 1.06
Unmet Social Belonging Needs ~ [0.17,2.00]  [0.25,7.54]  [0.03, 1.16]  [0.49,20.06] [0.15,4.72]  [0.07,4.03] [0.55,11.50] ~ [0.30,3.71]
Class 4 0.69 2.55 0.22 5.85 1.18 1.88 B 2.96 1.99
Unmet Financial Needs [0.14,355]  [0.55,11.83]  [0.01,457]  [0.55,61.78]  [0.21,6.54]  [0.25,14.17] o [0.22,39.67] [0.20,20.07]
Class 5 0.23 1.28 0.08 2.94 0.40 0.94 0.34 0.50 o -
Generally Met Needs [0.04,1.48]  [0.17,9.58]  [0.02,0.34]  [0.37,23.44]  [0.09,1.83]  [0.27,3.29]  [0.03,4.60]  [0.05,5.13]

Sex (Male versus Female)
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 . - 1.31 1.75 1.15 0.66 0.72 0.99 0.94 1.06
Generally Unmet Needs [0.30, 5.77] [0.34,9.13] [0.46, 2.87] [0.18, 2.44] [0.30, 1.73] [0.33,2.92] [0.28, 3.15] [0.32, 3.55]
Class 2
Unmet Self-Efficacy/ 0.76 0.57 . . 0.88 0.38 0.55 0.56 0.71 0.61

Y [0.17, 3.37] [0.11, 2.97] [0.29, 2.67] [0.12, 1.16] [0.14,2.20]  [0.10,3.18] [0.31,1.67]  [0.21, 1.75]
Goal Needs
Class 3 0.87 1.52 1.14 2.67 . . 0.62 1.50 0.81 1.62
Unmet Social Belonging Needs [0.35, 2.16] [0.41, 5.64] [0.37, 3.45] [0.86, 8.24] [0.24, 1.60] [0.35, 6.47] [0.31, 2.15] [0.65, 4.06]
Class 4 1.39 1.01 1.82 1.78 1.61 0.67 L . 1.30 1.08
Unmet Financial Needs [0.58, 3.36] [0.34, 3.00] [0.46, 7.31] [0.31, 10.06] [0.63,4.11] [0.16, 2.87] [0.51,3.32] [0.33, 3.51]
Class 5 1.07 0.94 1.40 1.65 1.23 0.62 0.77 0.93 L L
Generally Met Needs [0.32, 3.60] [0.28, 3.14] [0.60, 3.27] [0.57,4.71] [0.47,3.27] [0.25, 1.54] [0.30, 1.96] [0.28, 3.03]

95% confidence intervals are presented in brackets.



Odds Ratios [95% CI]
Latent Class Membership in 2010 and 2014 (Starting Classes)
Class 1 Class 2 Class 3 Class 4 Class 5
Generally Unmet Unmet Self-Efficacy/ Unmet Social Unmet Financial Generally Met

Needs Goal Needs Belonging Needs Needs Needs
Age (<60 years versus 60-75 years)

Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18
Class 1 B 1.19 1.54 0.81 0.84 0.84 1.62 0.44 0.79
Generally Unmet Needs - [0.29, 4.86] [0.30,7.95]  [0.31,2.09] [0.24,2.91]  [0.28,2.54]  [0.65,4.08]  [0.14,1.40]  [0.25,2.55]
Class 2 0.84 0.65 0.68 0.55 0.71 1.05 0.37 0.51
Unmet Self-Efficacy/ [0.21,3.42]  [0.13,3.33] - - [0.19, 2.44] [0.16,1.91]  [0.16,3.23] [0.21,535]  [0.12,1.18]  [0.18, 1.44]
Goal Needs
Class 3 1.23 1.19 1.47 1.83 1.04 1.93 0.54 0.94
Unmet Social Belonging Needs ~ [0.48,3.18]  [0.34,4.10] [0.41, 5.29] [0.52, 6.41] - - [0.33,3.25]  [0.46,8.12]  [0.23,127]  [0.43,2.06]
Class 4 1.19 0.62 1.42 0.95 0.96 0.52 B 0.52 0.49
Unmet Financial Needs [0.39,3.59]  [0.25, 1.55] [0.31, 6.47] [0.19,4.85]  [0.31,3.01] [0.12, 2.19] - [0.18,1.50]  [0.15, 1.56]
Class 5 227 1.27 271 1.95 1.84 1.07 1.91 2.05
Generally Met Needs [0.72,7.21]  [0.39, 4.08] [0.85, 8.65] [0.70,5.49]  [0.79,4.31] [0.49,2.34]  [0.67,5.48]  [0.64, 6.57] - -

Age (>75 years versus 60-75 years
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 . - 1.09 0.17 2.15 1.23 1.24 0.66 345 0.97
Generally Unmet Needs [0.27, 4.39] [0.03, 1.08] [0.60, 7.73] [0.14, 10.58] [0.36,4.25] [0.16, 2.63] [0.61, 19.49] [0.19, 5.00]
Class 2
Unmet Self-Efficacy/ 0.92 5.78 o . 1.97 7.09 1.13 3.80 3.16 5.57

Y [0.23,3.69]  [0.93,35.89] [0.84,4.58]  [1.09,46.36] [0.31,4.17] [0.90,16.03] [1.01,9.96] [2.03, 15.34]
Goal Needs
Class 3 0.47 0.82 0.51 0.14 . . 0.58 0.54 1.61 0.79
Unmet Social Belonging Needs [0.13, 1.68] [0.10, 7.02] [0.22,1.19] [0.02, 0.92] [0.16, 2.03] [0.08, 3.79] [0.45,5.78] [0.17, 3.60]
Class 4 0.81 1.52 0.88 0.26 1.73 1.87 L L 2.79 1.47
Unmet Financial Needs [0.24, 2.77] [0.38, 6.09] [0.24, 3.24] [0.06, 1.11] [0.49, 6.11] [0.26, 13.24] [0.48, 16.15] [0.40, 5.37]
Class 5 0.29 1.04 0.32 0.18 0.62 1.26 0.36 0.68 L L
Generally Met Needs [0.05, 1.64] [0.20, 5.37] [0.10, 1.00] [0.07, 0.49] [0.17, 2.24] [0.28,5.74]  [0.06,2.07]  [0.19, 2.50]

95% confidence intervals are presented in brackets.



Odds Ratios [95% CI]
Latent Class Membership in 2010 and 2014 (Starting Classes)
Class 1 Class 2 Class 3 Class 4 Class 5
Generally Unmet Unmet Self-Efficacy/ Unmet Social Unmet Financial Generally Met

Needs Goal Needs Belonging Needs Needs Needs
Income (<25K versus 25-75K)

Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 - 1.77 133 1.19 1.88 132 0.56 0.80 1.67
Generally Unmet Needs - [029,10.77]  [0.21,8.60]  [0.48,2.91]  [0.42,846]  [0.49,3.58] [0.19,1.67]  [0.21,3.14]  [0.46,6.03]
Class 2
Unmet Self-Efficacy/ 0.56 0.75 - - 0.67 1.41 0.74 0.42 0.45 125

y [0.09,3.42]  [0.12, 4.83] [0.14,327]  [040,4.92]  [0.13,424] [0.06,2.89]  [0.09,2.31]  [0.40,3.90]
Goal Needs
Class 3 0.84 0.53 1.50 0.71 - - 111 0.30 0.68 0.89
Unmet Social Belonging Needs ~ [0.34,2.07]  [0.12,241]  [0.31,7.33]  [0.20,2.49] [0.40,3.06]  [0.06,1.61]  [0.19,2.42]  [0.35,2.29]
Class 4 0.76 1.78 135 2.37 0.90 3.33 B 0.61 2.97
Unmet Financial Needs [0.28,2.06]  [0.60,5.25]  [0.24,7.69]  [0.35,1621]  [0.33,2.48]  [0.62,17.80] - [0.15,2.39]  [0.76, 11.61]
Class 5 1.25 0.60 221 0.80 1.48 1.12 1.65 033
Generally Met Needs [032,490]  [0.17,2.15]  [044,11.18]  [0.26,2.48]  [0.41,529]  [0.44,2.87]  [0.42,649] [0.08,1.33] _ —

Income (>75K versus 25-75K)
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 . - 1.21 0.97 2.07 0.76 1.39 0.43 1.70 0.65
Generally Unmet Needs [0.31,4.73] [0.15, 6.28] [0.59, 7.21] [0.18, 3.22] [0.40, 4.83] [0.10, 1.77] [0.48, 6.12] [0.14,2.95]
Class 2
Unmet Self-Efficacy/ 0.83 1.04 . . 1.70 0.79 1.15 0.44 1.41 0.67

Y [0.21, 3.22] [0.16, 6.75] [0.51, 5.73] [0.23,2.72]  [0.23,5.68] [0.11,1.82] [0.44,4.52]  [0.25,1.76]
Goal Needs
Class 3 0.48 1.31 0.59 1.27 . . 0.67 0.56 0.82 0.85
Unmet Social Belonging Needs [0.14, 1.69] [0.31, 5.53] [0.18, 1.97] [0.37, 4.36] [0.14, 3.27] [0.15, 2.14] [0.32,2.11] [0.38, 1.88]
Class 4 0.72 2.35 0.87 2.27 1.49 1.79 L L 1.23 1.52
Unmet Financial Needs [0.21, 2.50] [0.56, 9.78] [0.18, 4.32] [0.55,9.33] [0.31, 7.23] [0.47, 6.87] [0.31,4.90] [0.53, 4.30]
Class 5 0.59 1.55 0.71 1.50 1.21 1.18 0.82 0.66 L L
Generally Met Needs [0.16,2.11] [0.34, 7.09] [0.22, 2.29] [0.57, 3.95] [0.47, 3.10] [0.53, 2.64] [0.20, 3.26] [0.23, 1.88]

95% confidence intervals are presented in brackets.



Odds Ratios [95% CI]
Latent Class Membership in 2010 and 2014 (Starting Classes)

Class 1 Class 2 Class 3 Class 4 Class 5
Generally Unmet Unmet Self-Efficacy/ Unmet Social Unmet Financial Generally Met
Needs Goal Needs Belonging Needs Needs Needs

Education (College Degree and Above versus High School Diploma and Less)
Latent Class Membership in 2014 and 2018 (Ending Classes)

2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18 2010-14 2014-18

Class 1 B 1.28 0.65 0.77 0.76 1.12 0.58 1.46 0.61
Generally Unmet Needs - [0.38, 4.33] [0.18, 2.40] [0.30, 1.97] [0.19,3.08]  [0.49,2.56] [0.15,2.22]  [0.46,4.68]  [0.18,2.00]
Class 2
Unmet Self-Efficacy/ 0.78 1.53 - - 0.60 1.16 0.88 0.89 1.14 0.93

y [0.23, 2.66] [0.42, 5.61] [0.23, 1.58] [0.41,3.33]  [0.26,3.02] [0.26,3.09] [0.45,2.89]  [0.41,2.09]
Goal Needs
Class 3 1.31 1.31 1.67 0.86 1.46 0.76 1.91 0.80
Unmet Social Belonging Needs ~ [0.51, 3.36] [0.33,5.31] [0.64, 4.37] [0.30, 2.46] — - [0.56,3.85] [0.19,3.11]  [0.76,4.80]  [0.37,1.70]
Class 4 0.89 1.72 1.14 1.12 0.68 1.31 B 1.30 1.04
Unmet Financial Needs [0.39, 2.04] [0.45, 6.54] [0.33,3.93] [0.32,3.91] [0.26, 1.80] [0.32, 5.33] - [0.48,3.56]  [0.39,2.79]
Class 5 0.69 1.65 0.87 1.08 0.53 1.26 0.77 0.96 - -
Generally Met Needs [0.21, 2.19] [0.50, 5.46] [0.35,2.20] [0.48, 2.44] [0.21, 1.32] [0.59,2.69]  [0.28,2.09]  [0.36,2.57]

95% confidence intervals are presented in brackets.



Figure S1. Latent class model fit indices for 2010 model comparisons
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This figure includes the sample-size adjusted Bayesian information criterion (SA-BIC) and
entropy values for each of the latent class model solutions (1-class to 7-class) at the 2010
timepoint. Lower SA-BIC and higher entropy values represent better model fit (with entropy
above 0.70 indicating acceptable classification accuracy).



Figure S2. Average Latent Class Probabilities for Most Likely Latent Class Membership
by Latent Class for 2010 Five-Class Solution
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This figure represents the average probabilities of belonging to a given latent class based on

responses to the set of indicators. The latent class analysis models accounted for fractional
probabilities of belonging to multiple classes in their estimation.



Figure S3. Latent class model fit indices for 2014 model comparisons
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This figure includes the sample-size adjusted Bayesian information criterion (SA-BIC) and
entropy values for each of the latent class model solutions (1-class to 7-class) at the 2014
timepoint. Lower SA-BIC and higher entropy values represent better model fit (with entropy
above 0.70 indicating acceptable classification accuracy).



Figure S4. Latent class model fit indices for 2018 model comparisons
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This figure includes the sample-size adjusted Bayesian information criterion (SA-BIC) and
entropy values for each of the latent class model solutions (1-class to 7-class) at the 2018
timepoint. Lower SA-BIC and higher entropy values represent better model fit (with entropy
above 0.70 indicating acceptable classification accuracy).



Figure SS. Multigroup comparisons of estimated probabilities of unmet needs for the 2010
cross-sectional analysis
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This figure represents the multigroup comparisons of the estimated probabilities of unmet needs
across the 15 needs indicators (with 1 representing unmet needs) in the 2010 five-class solution
(i.e., among Non-Hispanic Black/African American, Hispanic or Latino, and Non-Hispanic
White participants). The 15 needs indicators are listed on the x-axis.
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