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Abstract

Background Subjective social status (SSS) refers to a person'’s perception of their social rank relative to others and is cross-sectionally linked to
systemic inflammation independently of objective socioeconomic status.

Purpose \We test the extent to which SSS relates to multiyear changes in inflammation, or if associations differ by race or sex.

Methods Healthy adults (N = 331; 30-51 years) completed a baseline visit and 278 participants returned for a second visit 2.85 years later. At
both visits, participants underwent a fasting blood draw and completed community (SSS_) and US (SSS ) versions of the MacArthur Scale.
Multiple linear regression analyses examined change in interleukin-6 (IL-:6) and C-reactive protein (CRP) predicted by each type of SSS, adjusting
for time between visits, sex, race, age, body mass index, smoking, baseline inflammation, and objective socioeconomic status. Additional ana-
lyses further adjusted for hopelessness and depressive symptoms. Interactions examined moderations by sex and race.

Results Lower SSS_ was longitudinally associated with greater I1-6 independently of all covariates, including education and income (f = —-0.06),
hopelessness (B = —0.06), and depressive symptoms (B = —0.06). Lower SSS, ; was longitudinally associated with greater IL-6 independently of
demographic covariates including education and income (p = —=0.06), but was slightly attenuated after adjusting for hopelessness (p = —0.06) and
depressive symptoms ( = —0.06). There were no associations for CRP or moderation by race or sex.

Conclusions Lower SSS may be associated with greater circulating markers of inflammation over time as suggested by increases in IL-6.

Lay summary

Subjective social status (SSS) refers to how people perceive their social rank compared with others and has been linked to meaningful differ
ences in physical health. Increases in inflammation may contribute to associations between lower SSS and poorer physical health. In a sample
of healthy adults, we examined whether SSS was associated with prospective, multiyear changes in markers of systemic inflammation and if
this differed by sex or race. We found that adults who perceived their social status as lower than peers in their community exhibited an acceler
ated increase in interleukin-6, a marker of systemic inflammation, over a 3-year period. When participants were asked to compare themselves
to people in the broader USA, the pattern was similar but less robust. Results were independent of individual differences in sociodemographic
characteristics including family-adjusted income and education. Findings did not differ by sex or race and were not explained by differences
in adiposity and symptoms of depression and hopelessness. Effects for C-reactive protein, a second marker of inflammation, were generally
nonsignificant. Although preliminary, findings suggest an immune pathway by which perceived social status may relate to chronic diseases of
aging.

Keywords Subjective social status - Interleukin-6 - C-reactive protein - Inflammation - Socioeconomic status

Introduction related psychosocial constructs, including perceptions of pres-
tige, power, privilege, and respect compared with others [8].
Because of this, SSS has the advantage of capturing aspects
of SES that may be missed by traditional, objective measures
of SES. Moreover, SSS has been found to uniquely relate to
cardiometabolic risk over and above education and income [4].

Cardiovascular disease (CVD) and diabetes are patterned by
socioeconomic status (SES) such that these conditions become
increasingly prevalent with lower levels of education and in-
come [1-3]. This socioeconomic gradient in cardiometabolic

conditions also holds when considering subjective measures

of SES, such as subjective social status (SSS) [4-6]. SSS refers nge—relate}(Ii increases in s.ystemic inﬂammation m?,y be one
to people’s perception of where they stand in comparison to of many pathways connecting SSS to cardiometabolic condi-

others in their local communities or the broader USA [7]. Sss  tions. Indeed, circulating levels of proinflammatory cytokines,
ratings are thought to reflect what has been referred to as a %ncludmg 1pterleukm-6 (IL-6) a}nd C-reactive protein (CRP),
“cognitive averaging” of multiple factors, including objective ~ 'M¢T€ase with age [9] and are implicated in the pathophysi-
measures of SES (e.g., educational attainment, income) and ology of age-related conditions such as CVD [10, 11] and
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diabetes [12, 13]. Furthermore, lower SSS is cross-sectionally
associated with higher systemic inflammation (e.g., CRP, fi-
brinogen) among young and midlife adults [12, 14, 15] and
risk for metabolic syndrome [16], a cluster of metabolic fac-
tors predictive of cardiometabolic conditions that may be
preceded by systemic inflammation [17]. Yet, it is not clear
whether lower SSS relates to greater increases in circu-
lating inflammatory markers over multiple years and what
biopsychosocial mechanisms may underlie these prospective
associations. Studies examining associations between SSS and
transient changes IL-6 in response to social stress tasks sug-
gests that there may be a link between lower SSS and greater
multiyear changes in IL-6. Three different studies found that
adults who reported lower SSS had greater IL-6 reactivity
(e.g., higher levels of IL-6 2 hr after a social-evaluative labora-
tory stress task) relative to their peers who reported higher
SSS [18-20]. Derry et al. further found that people who rated
their SSS lower reported feeling more threatened by the social
stress task [19]. This could suggest that adults lower in SSS
may experience heightened stress reactivity to everyday social
status stressors (such as transient increases in IL-6) that may
accumulate over time and lead to physiological wear-and-tear,
including greater age-related increases in systemic inflamma-
tion [21, 22]. In addition to greater threat and physiological
stress reactivity, lower SSS may be associated with greater
age-related increases in systemic inflammation through psy-
chological factors and adiposity, as well as changes in these
factors over time. For example, lower SSS cross-sectionally
associates with greater negative affect and adiposity [14,
23, 24], both of which may fluctuate over the course of a
few years and possibly contribute to changes in inflamma-
tion [25]. Here, we examine whether SSS relates to multiyear
changes in circulating levels of IL-6 and CRP among a sample
of healthy, midlife adults, and then explore whether depres-
sive symptoms, hopelessness, and adiposity may partially
account for these associations.

Importantly, associations between SSS and pro-
spective, multiyear changes in IL-6 and CRP may differ by
sociodemographic factors, including race and sex. In the USA,
people vary in power and privilege depending on a host of
characteristics beyond SES, including whether they identify
as White or as a person of color. Although there is consider-
able heterogeneity within and across different racial groups,
people of color share a common experience of facing mar-
ginalization in the USA. For example, people from racially
minoritized groups may receive societal messages that they do
not belong or are less valuable than their White peers as evi-
denced by racial inequalities in income, unemployment, edu-
cation, and the distribution of wealth, particularly between
Black and White adults [26-29]. They may also face greater
exposure to both structural and interpersonal racism [30]. As
such, people from racially minoritized groups may rate their
SSS as lower than their White peers [23], particularly when
asked to compare themselves to other U.S. adults [31].

Nonetheless, even if people from racially minoritized
groups report similar SSS ratings as their White peers, the
association between lower SSS and prospective changes in
inflammation may differ by race as suggested by the prox-
imity to disadvantage and skin-deep resilience theories [32,
33]. More specifically, Black adults and other adults from
marginalized racial groups may accrue fewer psychosocial,
financial, and physical health benefits of higher SES as
compared with their White peers in part because of their
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proximity to spatial, relational, and intergenerational dis-
advantages [33]. Moreover, the effort required to be up-
wardly mobile may come at an unintended physiological
cost to young adults from racially minoritized groups [32].
Existing studies on racial differences in associations be-
tween SSS and health have generally focused on differences
between Black and White adults and findings have been
mixed. For example, Adler et al. [34] found that associations
between lower U.S. and societal SSS and poorer global
health and hypertension were attenuated or nonsignificant
among Black but not White adults in England and the USA.
Similarly, Allen et al. [35] found that lower community SSS
predicted higher Framingham 10-year CVD risk profiles
among White, but not Black U.S. midlife adults. Yet, other
research suggested the opposite pattern, with lower com-
munity SSS relating to greater psychological distress among
Black versus White mothers in the USA [36], which could
potentially translate to greater systemic inflammation over
time [19, 37]. Inconsistent results may reflect differences in
the reference group (e.g., comparing to others in the com-
munity vs. entire country), outcome measures assessed, and
cultural factors [31, 38]. These mixed findings, coupled with
the fact that very few studies have examined links between
SSS and health among people belonging to other racial mi-
nority groups (e.g., Asian Americans [39]), further under-
scores the need to examine interactions between SSS and
race on inflammatory parameters.

In addition to race, associations between SSS and pro-
spective changes in IL-6 and CRP may differ between men
and women. Prior research has suggested that men’s health
may be more susceptible to social status-based stressors
whereas interpersonal stressors may matter more for women’s
health [40]. This could suggest that SSS is more strongly as-
sociated with multiyear changes in inflammation among men
compared with women. Support for this notion comes from
Freeman et al. [41] who found stronger associations between
U.S. SSS and concurrent systemic inflammation among young
men versus young women. Yet, this contrasts with more re-
cent research on sex differences in SSS and health outcomes
more broadly. Lower community and U.S. SSS have been
cross-sectionally associated with insulin resistance among
Black women but not Black men [42] and lower U.S. SSS has
been prospectively associated with higher rates of respiratory
infections among female but not male health care profes-
sionals [43]. Although different health outcomes, it is pos-
sible that sex differences may extend to multiyear changes in
IL-6 and CRP given that elevated inflammation may precede
insulin resistance [44] and increase the severity of upper re-
spiratory infection symptoms [45]. Similar to mixed findings
between race, SSS, and health, inconsistent results between
men and women may be due in part to differences in the ref-
erence group, racial and ethnic composition of the various
samples, and the types of physical health measures assessed.
Thus, additional research on sex differences in SSS and health
is warranted.

Present Study

To this end, this study examines whether SSS relates to pro-
spective, multiyear changes in circulating levels of IL-6
and CRP independently of income and educational attain-
ment among a sample of healthy midlife adults assessed at
two timepoints spaced 2—4 years apart. In line with prior
cross-sectional and experimental research, we hypothesize
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that lower SSS will be associated with greater prospective
multiyear increases in IL-6 and CRP independently of ob-
jective measures of SES. We also consider whether these as-
sociations differ by race to the extent possible in this sample
(White vs. non-White) and sex assigned at birth, however, we
do not have clear directional hypotheses given prior mixed
findings. We further account for potential psychological fac-
tors and emergent health conditions that may contribute to
observed associations.

We also conduct two sets of exploratory analyses. First,
we examine pathways through which SSS may relate to
multiyear changes in circulating levels of IL-6 and CRP.
Informed by prior literature [14, 23-25], we focus on base-
line psychological factors (i.e., depressive changes and hope-
lessness) and weight (as indicated by changes in body mass
index [BMI]), as well as changes in these factors over time
as these factors may plausibly change over the 2-3 years be-
tween visits. We hypothesize that lower SSS at baseline will
cross-sectionally relate to higher BMI, depressive symptoms,
and hopelessness, as well as greater increases in BMI, de-
pressive symptoms, and hopelessness between visits. In turn,
baseline differences and changes in these three factors be-
tween visits will associate with greater multiyear increases
in IL-6 and CRP. It is also possible that SSS and objective
SES indicators could increase or decrease between visits and
that this change could promote changes in circulating levels
of IL-6 and CRP. Thus, a second exploratory analysis will
consider whether multiyear changes in SSS and income as-
sociate with multiyear changes in circulating levels of IL-6
and CRP. We hypothesize that participants who report a de-
crease in SSS and income from baseline to follow-up will
evidence greater increases in circulating levels of IL-6 and
CRP whereas participants who report improvements in SSS
and income over time will evidence more modest increases
in IL-6 and CRP compared with the rest of the sample. We
do not examine changes in educational attainment between
visits as we do not expect education to vary substantively
given the age of the sample.

Materials and Methods

Participants

Participants were 331 healthy community-dwelling adults be-
tween the ages of 30-51 years (50.5% female, 24.2% Black/
African American, 69.5% White) who were recruited from
Allegheny county, Pennsylvania, to partake in the Pittsburgh
Imaging Project (PIP). See Table 1 for additional details on
sample characteristics stratified by race and sex. Participation
consisted of a series of baseline visits followed by a second
visit approximately three years later (median = 2.85 years,
interquartile range = 3.47 years). Exclusion criteria at base-
line included having a diagnosis of CVD, diabetes, cancer,
pulmonary, or respiratory disease, or regularly taking any
lipid-lowering, insulin, cardiovascular, hypoglycemic, gluco-
corticoid, or weight loss medication. These conditions and
medications to treat these conditions could impact inflamma-
tion. Adults were also ineligible if they were pregnant, had
a substance or mood disorder, or were taking psychotropic
medications at baseline. Additional exclusion criteria for the
larger study that were not specific to the analyses presented
here included colorblindness, claustrophobia, or having a
neurological condition, cerebrovascular trauma history, or
ferromagnetic implants of any kind. Please see Gianaros et
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al. for more information on study design and recruitment
[46, 47]. Participants provided informed consent and the
University of Pittsburgh’s Institutional Review Board ap-
proved the study.

Procedure

At the baseline and follow-up visits, participants provided
written consent, underwent a blood draw, had their anthropo-
metric measurements taken, and completed questionnaires
and a semistructured interview. They also completed psy-
chophysiological assessments and an fMRI scanning session,
but these measures were not part of the present secondary
analyses. Baseline and follow-up data were collected between
2008 and 2017.

Measures
Subjective social status

Participants completed the MacArthur Scale of Subjective
Social Status [7], which has been shown to have adequate test—
retest reliability and predictive utility for a range of health-
relevant outcomes among racially diverse samples (e.g., [48]).
Participants were presented with two 10-rung ladders. For the
first ladder, participants were told that the ladder represented
where people stood in the USA. The top of the ladder (rung 9)
was said to represent people who were the best off, including
those who had the most education, highest income, and best
jobs. The bottom of the ladder (rung 0) was said to represent
those in the USA who were the worst off, including those who
had the least money and education and the worst (or no) em-
ployment. Participants were then asked to place an “X” on
the rung where they felt they stood in comparison to people in
the US (SSS ). Next, participants were shown a second ladder
and given similar instructions, except that the ladder now rep-
resented people in their community (SSS_). Participants were
encouraged to self-define “community” however they wished.
SSS, and SSS_. were correlated with one another at baseline
(r =.51) and follow-up ( = .56) and covered the entire range
of possible scores (0-9).

Objective SES
Education

At baseline, participants indicated which of the following
categories best matched their highest level of completed
education: less than high school (HS), HS diploma or
equivalent (general educational development), technical
or vocational training, some college, Associate’s degree,
Bachelor’s degree, Master’s degree, or Doctoral degree.
Based on the sample distribution, educational attainment
was collapsed into four categories: HS degree, equivalent
or less (n = 27), some postsecondary education (7 = 104),
Bachelor’s degree (7 = 99), and graduate degree (n = 101).
Dichotomous variables were created with Bachelor’s de-
gree as the reference group.

Family-adjusted income

At both visits, participants reported on their family in-
come by selecting which of the following categories best
matched their family’s yearly income before taxes: <$10,000,
$10,000-$14,999, $15,000-$24,999, $25,000-$34,999,
$35,000-$49,999, $50,000-$64,999, $65,000-$79,999,
$80,000-$94,999, $95,000-$109,999, $110,000-$124,999,
$125,000-$139,999,  $140,000-$154,999,  $155,000-
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Table 1 Sample Descriptives
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Entire sample

(n,=331; n,=278)

Racial minority
(n,=101; n, = 82)

White
(1, = 230; .= 196)

‘Women
(n, = 167; n, = 143)

Men
(n, = 164; n, = 135)

n (%) or M (SD)

n (%) or M (SD)

n (%) or M (SD)

n (%) or M (SD)

n (%) or M (SD)

Race
Asian
Black or African American
Indigenous or Native American
White
Bi- or Multi-racial
Other race
Female sex assigned at birth
Age (baseline)
BMI (kg/m?; baseline)
BMI (kg/m?; follow-up)
Change in BMI
Smoker (current or prior)
Time between visits (in years)
SES and SSS (baseline)
Educational attainment
Less than high school
High school degree or equivalent
Technical or vocational training
Some college (no degree)
Associate’s degree
Bachelor’s degree
Master’s degree
Doctoral degree
Family-adjusted income
SSS

us
$SS.
SES and SSS (follow-up)
Family-adjusted income

SSS
SSS

C

us

Change in family-adjusted income
Change in SSS

Change in SSS_

Depressive symptoms (baseline)
Depressive symptoms (follow-up)
Change in depressive symptoms
Hopelessness (baseline)
Hopelessness (follow-up)

Change in hopelessness

IL-6 (baseline, pg/mL, raw)

IL-6 (follow-up, pg/mL, raw)
Change in IL-6 (log)

CRP (baseline, mg/L, raw)

CRP (follow-up, mg/L, raw)
Change in CRP (log)

40.24
26.88
26.60

0.42

$53,712 ($33,090)

4.64 (1.66)
5.09 (1.65)

$6,319 ($20,481)

0.15 (1.34)

-0.01

1.60

3.35(3.38
4.47 (4.84

1.12
1.38
1.32
-0.04
1.50
1.88

4.14
1.75
1.74
1.86
1.22
1.24

0.00 (0.58
0.24 (0.38
0.29 (0.46

0.11

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

0.91

)
)
)
)
)
)
)
)
)
)
)
)
)

40.45

53.5
6.08

28.12 (5.78

28.88

6.18

0.39 (2.14

4
(
(
(
(
1
(

50.5

2.82(0.53

$36,380 ($28,816)

)
)
)
)
)
)
)

4.05 (1.81)
4.84 (1.75)

$950 ($21,798)

0.10 (1.37)

-0.22

1.73

3.59(3.32
5.12 (5.94

1.14
1.59
1.48

5.04
1.75
1.97

-0.15 (2.49

1.70
2.44

1.52
1.51

0.02 (0.66
0.32 (0.55

0.41
0.19

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

0.60
1.00

)
)
)
)
)
)
)
)
)
)
)
)
)

113 (4
40.14 (
26.33
26.94

0.43

9.1
6.31
4.60
4.69
1.83
31.7

2.88 (0.61

)

)
(4.60)
(4.69)
(1.83)
3(31.7)
)

0 (0)
12(5
6

(
(5.
(2.
9(
6 (
(3
1
4 (
$50,715 ($29 244)
4.67 (1.53)
5.10 (1.63)
$60,970 ($32,114)
4.89 (1.53)
5.20 (1.60)
$8,559 ($19,533)
0.17 (1.34)
0.07 (1.54
3.24 (3.40
4.19 (4.29
0.99 (3.71
1.28 (1.64
1.26 (
0.01 (
1.40 (
1.65 (
-0.01 (0.55
0.21 (0.28
0.24 (0.38
0.07 (0.87

)
)
)
)
)
1.63)
1.53)
1.06)
1.02)
)
)
)
)

5(3.0) 10 (6.1)
46 (27.5) 34 (20.7)
0(0) 0(0)
113 (67.7) 117 (71.3)
1(0.6) 2(1.2)
2(1.2) 1(0.6)
40.81 (6.17) 39.65 (6.27)
27.09 (5.85) 26.65 (4.08)
27.89 (5. 83) 27.12 (4.51)
0.65 (2.11) 0.45 (1.71)
2 (43.1) 2 (31.7)
2.84 (0.45) 288( .70)
0 (0) 2(1.2)
14 (8.4) 11 (6.7)
6 (3.6) 3(1.8)
22 (13.2) 29 (17.7)
28 (16.8) 16 (9.8)
47 (28.1) 52(31.7)
39 (23.4) 29 (17.7)
11 (6.6) 22 (13.4)
$42,252 ($27,883)  $49,830 ($32,311)
4.32 (1.51) 4.49 (1.76)
5.09 (1.61) 5.05 (1.68)
$48,622 (29,415)  $59,071 (35,901)
4.47 (1.54) 4.82 (1.76)
5.03 (1.64) 5.16 (1.66)
$5,049 ($19,813)  $7,657 ($21,157)
0.09 (1.29) 0.21 (1.40)
~0.13 (1.51) 0.10 (1.68)
3.30 (2.92) 3.40 (3.79)
4.91 (4.94) 4.00 (4.70)
1.50 (4.34) 0.72 (3.89)
1.29 (1.69) 1.47 (1.81)
1.17 (1.57) 1.48 (1.89)
~0.15 (1.77) 0.09 (1.95)
1.53 (1.33) 1.45 (1.12)
1.89 (1.13) 1.87 (1.34)
~0.01 (0.56) 0.01 (0.66)
0.28 (0.38) 0.21 (0.38)
0.35 (0.47) 0.23 (0.44)
0.07 (0.90) 0.15 (0.92)

b baseline; BMI body mass index; CRP C-reactive protein; f follow-up; IL-6 interleukin-6; M mean; SD standard deviation; SES socioeconomic status;
SSS,. subjective social status relative to others in the participant’s community; SSS
income was calculated as the midpoint of annual family income divided by the cu sed root of the number of people living in the household. Prior to fitting

multiple regression models, IL-6 at both visits was log-transformed and a change score was calculated by subtracting log-transformed IL-6 at baseline from

log-transformed IL-6 at follow-up.

sub]ectlve soc1al status relative to others in the USA. Family-adjusted
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$169,999, $170,000-$185,000, >$185,000. The midpoint
of these ranges was calculated to estimate each participant’s
average family income (e.g., $12,500 as midpoint for
$10,000-$14,999). To account for family size, family-
adjusted income was calculated by dividing the midpoint
value for family income by the cubed root of the number of
people in the household.

Demographic moderators

At baseline, participants self-identified their race (Asian/
Asian American, Black/African American, Indigenous or
Native American, White, Bi- or multi-racial, or another race)
and sex assigned at birth (female or male). Race is a social
construct that was coded as White (0) and non-White (1) to
account for the potential role of racial inequality in access to
resources and experiences of discrimination among people of
color on associations between SSS and changes in IL-6 [49,
50]. Although not ideal, we chose this approach because we
were not powered to look at racial minority groups separately
given that only 23 participants identified with a racial mi-
nority group other than Black/African American. To maintain
power, we decided to code race as White or non-White rather
than exclude these 23 participants. Then, in post hoc sensi-
tivity analyses, we examined whether associations held when
limiting the sample to Black and White adults only (please
see below).

Psychological factors

Depressive symptoms and hopelessness, two related but dis-
tinct constructs, could relate to associations between SSS and
prospective changes in IL-6. As such, participants completed
the 21-item Beck Depression Inventory (BDI) [51] and 2-item
Hopelessness Scale [52]. These scales had acceptable internal
consistency (BDI: o = 0.84; Hopelessness Scale: = .47) and
were correlated with one another within the sample (r = .50).

IL-6 and CRP

Participants underwent a fasting blood draw between 7:00
and 11:00 AM as part of each visit. Participants were ad-
vised to refrain from eating, drinking (except water), phys-
ical activity, and using tobacco products for 8 hr before the
blood draw and were rescheduled if they were currently sick,
taking antibiotics or antivirals, or had received a vaccine or
tattoo in the two weeks before their appointment. Blood was
drawn by antecubital venipuncture into sodium citrate and
serum separator tubes that were then centrifuged within 1
hr of collection. Plasma samples were aliquoted and frozen
at -80°C before being batch processed by the University of
Pittsburgh’s Behavioral Immunology Laboratory to quantify
levels of IL-6 using a high sensitivity enzyme-linked immuno-
assay kit (Human IL-6 Quantikine High Sensitivity ELISA,
R&D Systems) with a detection range 0.2-10 pg/mL and
intra-assay coefficient of variation of 4.24%. Serum samples
were sent to the University of Pittsburgh’s Clinical Services
Laboratory where levels of CRP were measured using a
high sensitivity CRP assay with a SYNCHRON LX system
(Beckman Coulter) and a CRPH reagent (intra-assay coeffi-
cient of variation = 5.0%). All samples were run in duplicate
for both IL-6 and CRP, respectively.

When examining IL-6 values, one baseline value (15.22 pg/
mL) was removed for being more than 9 standard deviations
(SD) above the sample mean. Given the participant’s BMI
(26.4%), this value was unlikely to be biologically possible in
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the absence of infection. IL-6 and CRP values at both baseline
and follow-up were log-transformed to normalize their distri-
butions. Change in circulating levels of IL-6 was then calcu-
lated by subtracting log-transformed IL-6 levels at baseline
from log-transformed IL-6 levels at follow-up. This same pro-
cess was done to calculate change in circulating levels of CRP.

Covariates

Participants reported their age and tobacco use and had their
height and weight taken to calculate their BMI (kg/m?). To
account for between-person differences in the length of time
between baseline and follow-up visits, we calculated the years
between the baseline and follow-up assessments.

Statistical Analyses

In transparency, the preregistered analyses presented here de-
viate from those initially proposed by (i) using multiple re-
gression instead of a series of hierarchical stepwise regression
models that would have added SSS, income, and education
one at a time and (ii) limiting our scope to psychological fac-
tors (i.e., hopelessness and depressive symptoms) versus psy-
chological factors and health behaviors, and (iii) exploring
whether baseline psychological factors and BMI, as well as
changes in these factors from baseline to follow-up, could
be potential pathways through which SSS may relate to
multiyear changes in IL-6 and CRP, respectively. The first two
steps were taken before analyzing the data in an effort to de-
crease the risk of Type I error and the third step was taken in
response to reviewer interest in exploring mechanisms that
could inform future investigations. In the preregistration, we
also discussed general associations between SSS and changes
in inflammation and did not specify the type of ladder. Here,
we examine separate associations between SSS  and SSS_ in
relation to changes in inflammation given that links between
SSS and health-related outcomes may meaningfully differ de-
pending on whether people are asked to compare themselves
to others in their direct communities or in the broader USA
[31,38].

Prior to fitting regression models, we examined variable
distributions and correlations between study variables. For
primary analyses, multiple regressions were used to model
independent associations between SSS and change in IL-6
levels from baseline to follow-up, adjusting for baseline
IL-6, educational attainment, family-adjusted income, age,
race, sex, smoking status, BMI, and time between visits.
Separate regression models were fit for SSS  and SSS_ given
their strong intercorrelation. Next, moderation effects of
race and sex were assessed using Hayes’ PROCESS macro
with SSS as the predictor and either race (1 = non-White;
0 = White) or sex (1 = female, 0 = male) as the moderator.
For significant main and moderation effects only, we then
added depressive symptoms and hopelessness one at a time
to the models to see whether the results were robust to dif-
ferences in these psychological factors. The above models
were then refit with change in CRP as the dependent vari-
able, adjusting for baseline CRP and demographic and psy-
chological covariates.

For our two sets of exploratory analyses, we first calcu-
lated change scores for depressive symptoms, hopelessness,
BMI, SSS, SSS, and family-adjusted income by subtracting
participant’s baseline values for each of these measures from
their values at follow-up. For the first set of exploratory ana-
lyses, we used PROCESS (Model 4) to examine whether there
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was an indirect effect of SSS on changes in IL-6 and CRP
through baseline levels of depressive symptoms, hopelessness,
and BMI, as well as changes in these three factors between
the baseline and follow-up visit. Models were fit separately
for SSS and SSS_ and we estimated standardized indirect
effects for each pathway using 5,000 bootstrapped samples
and a seed of 5,129. The indirect effect pathway (ab) was
considered significant if the bootstrapped 95% confidence
intervals (boot 95% ClIs) did not contain zero. Indirect ef-
fect models adjusted for the same covariates included in the
primary analyses. To ground the change scores, we further
adjusted for baseline depressive symptoms, hopelessness, and
BMI.

For the second set of exploratory analyses, we tested
whether changes in SSS and family-adjusted income from
baseline to follow-up were associated with multiyear changes
in IL-6 and CRP. We did this by fitting multiple regression
models predicting changes in IL-6 and CRP from changes in
SSS and family-adjusted income. Similarly, we adjusted for
the same covariates included in the primary analyses and
grounded the change scores by additionally adjusting for
baseline SSS, SSS,, and family-adjusted income.

Finally, we ran three post hoc sensitivity analyses for the
statistically significant models. First, we used the natural log
of family-adjusted income in place of raw family-adjusted in-
come. Second, we limited the sample to Black and White adults
to determine whether significant effects held when excluding
23 participants who identified as a racial minority group
other than Black or African American. Third, we excluded
participants who developed or started taking medications for
new chronic health conditions during the time between their
baseline and follow-up visits. This included participants who
reported a cardiac event (myocardial infarction; # = 1), trau-
matic ischemic attack (7 = 1), or cancer (adenocarcinoma; 7
= 1) or were told by a doctor on two separate occasions that
they had high blood pressure (1 = 5, including the participant
who had a myocardial infarction) or chronic obstructive pul-
monary disease (7 = 1) that required medication management.
At follow-up, one participant indicated that they were taking
antihypertensive medication for the past decade. Had this
participant self-reported this medication use at baseline, they
would have been ineligible for the study. Consequently, post
hoc sensitivity analyses excluded this participant and the eight
other participants diagnosed with and currently taking medi-
cations for the abovementioned health conditions. Results re-
mained substantively unchanged with two exceptions noted
below. Thus, the results presented here include data on all
participants. All statistical analyses were performed in R (R
Core Team).

Results

See Table 1 for sample descriptives. Participants were 30-51
years of age (mean = 40.24 years) and the majority identified
as White (7 = 230, 69.5%) and female (n = 167, 50.5%). Of
the 331 participants who completed the baseline visit, 278
participants were retained for the follow-up visit. There were
no sociodemographic differences between those who were re-
tained and those lost to follow-up except that retained par-
ticipants were slightly older than those who completed the
baseline visit only (40.58 vs. 38.37 years; #[329] = 2.372, p
=.018). Change in log IL-6 from baseline to follow-up was
minimal but varied across participants (mean = 0.00 pg/mL,
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SD = 0.58 pg/mL), with some participants demonstrating an
increase in IL-6 between visits whereas others showed no
change or even a decrease in log IL-6 levels over time (range =
-1.94 to- 3.15 pg/mL). In contrast, there was a slight increase
in log CRP, on average, between baseline and follow-up (mean
= 0.11 mg/L, SD = 0.91 mg/L); however, the extent of this
change varied across participants (range = =2.59 to 2.944).

Both SSS ladders were correlated with one another and
with family-adjusted income, but the strength of these cor-
relations differed. Specifically, correlations between SSS ; and
income (rs = .48-.53) were stronger than correlations be-
tween SSS_ and income (rs = .21-.27; ps < .05). See Table 2
for a correlation matrix of all continuous study variables and
Supplementary Tables S1 and S2 for correlation tables separ-
ated by race and sex, respectively.

Primary Analyses

SSS.. was longitudinally associated with a greater multiyear
change in IL-6 independently of age, sex, race, years between
visit, BMI, smoking status, education, and income (3 = -0.06,
p = .021). This association held when further adjusting for
hopelessness (f = =0.06, p = .021) and depressive symptoms
(p = =0.06, p = .022; Table 3) and was substantively un-
changed in all post hoc sensitivity analyses.

SSS ; was longitudinally associated with a greater multiyear
change in IL-6 independently of age, sex, race, years between
visit, BMI, smoking status, education, and income (f3 = -0.06,
p = .047; Table 3). However, this association was slightly at-
tenuated after accounting for symptoms of hopelessness (§ =
-0.06,p =.055) and depression (f = -0.06,p = .057; Table 4).
Additionally, this effect was attenuated in post hoc sensitivity
analyses using the natural log of family-adjusted income (p
=.070), when limiting the sample to Black and White adults
only (p =.060), and when excluding participants who devel-
oped chronic health conditions in between the baseline and
follow-up visit (p = .053).

Neither race nor sex moderated associations between either
SSS, or SSS_ and prospective multiyear changes in IL-6 (all
ps > .10; Supplementary Table S3). There were also no asso-
ciations between SSS_ or SSS  and multiyear change in CRP
(ps > .30; Table 5) nor evidence of moderation by race or sex
(ps > .30; Supplementary Table S4).

Exploratory Analyses: Pathways

There were no indirect effects of SSS on multiyear changes in
IL-6 or CRP through baseline levels of depressive symptoms,
hopelessness, and BMI (all boot 95% Cls contained zero).
On average, depressive symptoms (mean = 1.12, SD = 4.14)
and BMI (mean = 0.42, SD = 1.92) slightly increased from
baseline to follow-up while mean hopelessness decreased
(mean = -0.04, SD = 1.36). With one exception, there were
no indirect effects of SSS on multiyear changes in inflamma-
tion through changes in depressive symptoms, hopelessness,
or BMI from baseline to follow-up. Specifically, there was
a significant indirect effect of SSS. on multiyear change in
CRP through change in BMI (ab = -0.002, Boot SE = 0.001,
Boot 95% CI = [-0.004, -0.001]; Fig. 1); however, this was
in the absence of a total effect of SSS_ on change in CRP (B
= -0.072, p = .317). Lower SSS_ was associated with an in-
crease in BMI from baseline to follow-up (a = -0.186, p =
.007) and an increase in BMI was in turn associated with an
increase in CRP from baseline to follow-up (b = 0.339, p <
.001). This indirect effect held in all three post hoc sensitivity
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http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaad044#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaad044#supplementary-data

957

ann. behav. med. (2023) 57:951-964

10" > d 3 JuedyIUSIS UONIEB[III0))
60" > ¢ 3e JULOYIUSIS UOLB[RIIO])

“poyasnoy sy ut Surar] ojdoad jo roquunu 9y Jo 3001 PaqNd Y3 £q PIPIAIP SWOOUI A[IUIE] [BNUUE JO JutodpIw 9y} Sk paje[no[ed
SEM WOOUT PAISNIpe-A[IWE,] “YS[) Y3 UI SIAYIO 01 JANEB[DI SNIEIS [B100S 2A1d[qns *'ggq Lyrunwwods sjuedonred Sy1 ur SIOYI0 01 IANE[DI SNIBIS [BID0S 9A12[qNS “§GS £9-Unna[1a3ur 9-7J ‘ur3oid 9ANOEII-D) JYD

I .08 v0" 07— - Y0 AN €0’ 0 [45 9T N LT .0T- .81 ssaussa[odop] *G T
1 70 1T - €0’ 70 RN Y0 AN or’ ..0T- LT 8T 0T - swoldwiAs aatssardo( y 1
I - 00’ 10"~ or'- €0~ €0~ L0°- 60° €0~ 80"~ 1= €0'- SISIA UIIMII] SIBIX €T
13 .08 F1- SO’ 817" - LET 9T LT €6 LIT 8% (dn-mopjoy) awoouy ‘71
I 90~ £ 60"~ - 9T 07— LT .08 LT L6Y (durpaseq) swodu] "1 |
I ar LY LI LE€ b S0 LST 0r°- S xopul ssewr Apoq 0T
I €0’ 10"~ or £ Y0 10° 80" Y0 By 6
T 89" LIS L9€ 10~ 8T~ Y0'- yI- (dn-mofog tS01) 4D *8
13 LEET LLE 90"~ 91" - €0- 01 - (surpaseq t30]) I¥D "L
T L€ LT YT 1T LT (dn-moyjog *80) 9-11 *9
I 90~ A 1 A (surpaseq £307) 9-T1 ¢
I .98 £ 8 (dn-mofjog) °sss ¥
I 0 99" (dn-moyjo3) *'sss *¢
T LIS (ourposeq) “ssS T
I (aurpeseq) *'ssS *T
ST vI €1 4} 1T 0T 6 8 L 9 S v € 4 I

sa|gellep ApNiS SNONUIIUOY) JO XIIBA| UOIIE[81I0)) Z d|qeL



ann. behav. med. (2023) 57:951-964

*9~"T[ Ul 23UBYD PUE “g§S UIIMII] UOLBIDOSSE 10§ GO° > d,
‘proyesnoy aya ut Surar) ajdoad jo soquunu ay3 Jo 1001 paqnd AyI Aq PIPIAIP JWOdUT A[IUIE) [ENUUE Jo Jutodprur oY) sk pare[nd[ed Sem wodul paisnipe-Arure |
"JU9IYFo00 BIaq paziprepuels ¢ Airunwwod sjuedonied oyl Ul SIOYIO 01 JATIL[AT SNIEIS [BID0S 9A12(qNS ¢ SNIBIS DIWOUOIIONO0S §H§ (1011 PIEPUEIS S $9-UD[NI[IUL 9~ JUIDYFI0D ©IA PIZIPIEPUEISUN g

098°0 = ¢y pAsnpe ©998°0 = .y 098°0 = ¢y pasnlpe 2980 = 098°0 = ¢y pasnlpe °£98°0 = -y 34 [PPON
Is8° $00°0 €00°0 100°0 swoidwifs aatssordacy
9¢6° 700°0 800°0 100°0 ssoussapdoy
SL6 100°0 0000 0000 786" 10070 0000 0000 686° 0000 0000 0000 awoout pasnpe-£[rue,y
e ¥€0°0- 9€0°0 wWoo- T ¥€0°0- 9€0°0 W00~ T £€0°0- 9€0°0 00— 29139p SIS\
(3ua19391) 92139p s Jo[pydRY
SLE L20°0 0¥0°0 $€0°0 8LE L2070 0+0°0 $€0°0 rhe 620°0 6£0°0 LEO'Q  99I39P S1OSSY 10 952[[03 dUWOG
080° 8¥0°0 790°0 601°0 980° 8¥0°0 £€90°0 601°0 8L0° 8%0°0 790°0 011°0 $89] 10 Jud[eANDD *32135p SH
Radi} 650°0- 600°0 1200~  .120° 650°0- 600°0 120°0-  .120° 6500~ 600°0 120°0- 75sS
9¢8° $00°0- T€0°0 L0070~ SS§ $00°0- T€0°0 900°0- 068" ¥00°0- T€0°0 £00°0- Toxows 02eqo],
620° L50°0 £00°0 L00°0 620" L5070 £00°0 £00°0 620° L5070 £00°0 L00°0 xoput ssew £pog
159" 110°0 700°0 100°0 432 110°0 700°0 100°0 159" 110°0 700°0 100°0 a3y
00" SL0°0 €€0°0 L60°0 00" SL0°0 £€0°0 £60°0 00" ¥L0°0 £€0°0 $60°0 Arrourw [epey
066° 0000 620°0 0000 L6 100°0 620°0 100°0 6L6° 100°0- 82070 100°0- X9 d[eUWd]
1o £€90°0- LT0°0 690°0-  L10° £€90°0- L2070 690°0~ 010" £90°0- L20°0 0L0°0- SISIA UDIMIO STBIL
100> L56°0- $T0°0 1160~ 100> L56°0- $T0°0 11670~ 100> L56°0- $T0°0 0160~ (aurpaseq o) 9-T1
esr LST°0 9TT0 6¥1° LST°0 8TT0 wr 951°0 1€2°0 1daosarug
dn-mofjoy 01 urpPseq woay 9-] ut Iguey))

d d as q d d as q d d qs q

SHS Jo

swoydwiks 2a1ssaxdop + °ggs Jo $399339 Juapuadopuy ssoussoppdoy + RSN Jo $399339 Juapuadopuy saanseaw 9a193(qo Jo Juspuadapur 29sS Jo s10953q

958

JappeT Alunwiwo) ay3 Buisn g-unajeiul Ul sebuey) JesAll N\ pue sniels [e1o0s aAi0algng usamiag sUoNeIo0ssSy Juapuadapu| Buluiwexy sesAjeuy uoissalbay Jesul a|diyn|A 0 S}Nsay € ajqer



959

*9-771 ur a8ueyd pue “'ggg UIMIDG UOLBIDOSSE 10§ §(O° > d,
‘proyesnoy a3 ut Surar] ajdoad jo Taquunu ay3 Jo 1001 paqNd Y} AQ PIPIAIP WOOUT A[TUTe] [EnUUE JO JUIOdpIu 9Y3 S PAIL[NO[ED SEM WOUT
paisnipe-A[iuwe JUSOYFI0 BIA PIZIPIEPUEIS ¢ SYS[) Y3 UI SISYIO 01 JALE[IT SNILIS [B1O0S 9AN[qns S1gg¢ {Sn1BIS DMUOU0II0I0S G S 101D PIEPUEIS 7§ $9-UD[NI[IIUI 9-]] SIUIOLYFI0D BIA] PazIpIepuelsun g

098°0 = ¥ pasnlpe ‘99g-0 =y 098°0 = ;¥ pasnlpe ‘9980 = .y 098°0 = ;Y passnlpe 9980 = Y 35 [PPOIN

ann. behav. med. (2023) 57:951-964

YhL 800°0 €00°0 100°0 swoydwids aarssordoq
L6L 900°0 800°0 200°0 ssoussa[odoH]
619" €10°0 0000 0000 €69 €100 0000 000°0 659" €10°0 00070 100°0> swoour pajsnlpe-£jrure
€€T $€0°0~ 9€0°0 €v0°0~ €T +€0°0~ 9€0°0 €v0°0~ 9¢T ¥€0°0~ 9€0°0 €700~ 99139p s 1aISeIN
(3ua19301) 99139p s 10[aYdRY
9t §¢0°0 0¥0°0 €00 LEY +¥20°0 0+0°0 1€0°0 90t" 9C0°0 0¥0°0 €€0°0 29139 5,291508SY 10 232[[03 dUWOS
£€90° 15070 2900 9110 €L0° 0S0°0 €900 Y11°0 90" 160°0 7900 9110 §S9] 10 Jud[EAIDS D2139p SH
LS0" §€0°0- 1100 120°0- §e0° 9¢0°0— 1100 120°0— LY0° LS00~ 110°0 120°0— *1sss
88L’ 800°0— €00 010°0— 88L° L0070~ €00 600°0— 908" 900°0- €00 800°0— 19YOWS 03958qO],
9C0° 8€0°0 €00°0 £00°0 L20° 650°0 €00°0 £00°0 L20° 8500 €00°0 £00°0 xoput ssew £pog
9C8” §00°0 200°0 100°0 1¥8 §00°0 200°0 000°0 818 900°0 c00°0 100°0 a3y
1o’ §90°0 €€0°0 ¥80°0 1o’ §90°0 €€0°0 #8070 1o’ ¥90°0 €€0°0 £€80°0 Auouru [erey
88 ¥00°0~ 6700 ¥00°0~ 6 200°0- 670°0 €00°0- 8.8’ 000~ 870°0 ¥00°0~ X3S I[ela ]
010" £€90°0- £20°0 04070~ 010" £€90°0— L7200 04070~ 010 £€90°0- £20°0 04070~ SIISIA U29MI9( STEIX
100> €56°0~ §20°0 L06°0~ 100> 60~ §20°0 806°0~ 100> €56°0~ §70°0 L06°0~ (outpaseq *3oy) 9-T1
€91 191°0 §TTo LST 091°0 LTT0 Pi4n 6S1°0 €To 1dooraruy
dn-moj[oy 03 surpaseq woiy 9-1 ur 3uey))
d d as q d d as q d d as q
suroyduwiAs s4S jo

aarssaxdap + $7ggg Jo s10ap50 Juspuadopuy

ssoussapadoy + 5"ggg Jo s399339 Juopuadapuy

saanseaw 9A1399(qo o Juspuadopur 57ggs Jo spY

JeppeT 'S'N eyl Buisn 9-uynejialu| ul sebuey) JesAllN|A pUB SN1eLS [B1I00S 9A1108[0NS Usamlag Suoileloossy Juepuadepul Buiuiuiexy sesAjeuy uoissalbay leaul] o|diyn|A 4O s}nsay ¥ ajqer



960

ann. behav. med. (2023) 57:951-964

Table 5 Results of Nonsignificant Multiple Linear Regression Analyses Examining Independent Associations Between Subjective Social Status and

Multiyear Changes in C-Reactive Protein

Independent effects of SSS

Independent effects of SSS_

B SE B p B SE B p
Change in CRP from baseline to follow-up

Intercept -1.538 0.630 .015 -1.641 0.637 .011
CRP (log; baseline) -0.416 0.057 -0.511 .000 -0.417 0.057 -0.511 .000
Years between visits -0.030 0.090 -0.021 .739 -0.029 0.090 -0.020 751
Female gender 0.051 0.114 0.028 .653 0.054 0.114 0.029 .640
Racial minority 0.180 0.132 0.090 175 0.198 0.133 0.099 137
Age -0.003 0.009 -0.018 772 -0.003 0.009 -0.018 .768
Body mass index 0.037 0.012 0.212 .003 0.037 0.012 0.212 .003
Tobacco smoker 0.016 0.128 0.008 .903 0.026 0.129 0.014 .843
SSS -0.040 0.040 -0.072 317 -0.012 0.036 -0.022 734
HS degree, equivalent or less -0.091 0.235 -0.027 699 -0.095 0.237 -0.028 .690
Some college or Associate’s degree  0.069 0.155 0.035 .655 0.088 0.154 0.044 571
Bachelor’s degree (referent)

Master’s degree 0.050 0.143 0.026 726 0.046 0.145 0.023 752
Family-adjusted income 0.000 0.000 0.025 733 0.000 0.000 0.003 969

Model fit =0.211, adjusted R? =

0.168

=0.208, adjusted R? = 0.165

B unstandardized beta coefficient; CRP C-reactive protein; SE standard error; SES socioeconomic status; SSS,. subjective social status relative to others in
the participant’s community; f8 standardized beta coefficient. Family-adjusted income was calculated as the mldpomt of annual family income divided by the

cubed root of the number of people living in the household.

analyses. All other indirect effect models were nonsignificant
as indicated by bootstrapped 95% Cls containing zero.

Exploratory Analyses: Changes in SSS and Family-
Adjusted Income

Changes in SSS, (mean = 0.15, SD = 1.34), SSS_. (mean =
-0.01, SD = 1.60), and family-adjusted income (mean =
$6,319, SD = $20,480.95) were modest. Neither change in
SSS.s» SSS, or family-adjusted income was associated with
a prospective change in circulating levels of IL-6 or CRP (all

ps > .30).

Discussion

This study examined the extent to which SSS was longitudin-
ally associated with multiyear changes in circulating levels
of IL-6 and CRP independently of objective measures of
SES. We found that individual differences in changes in IL-6
were correlated with SSS. More specifically, complimenting
experimental research demonstrating links between lower
SSS and transient increases in IL-6 in response to a labora-
tory stressor [19, 20], we found that lower SSS was asso-
ciated with greater multiyear increases in circulating levels
of IL-6 independently of education and family-adjusted in-
come. Moreover, the association between SSS and changes in
IL-6 was not accounted for by psychological factors nor ex-
plained by baseline levels of depressive symptoms, hopeless-
ness, BMI, or changes in these three factors between baseline
and follow-up visits.

Notably, independent associations between SSS and
multiyear increases in IL-6 were more consistent when par-
ticipants were asked to report on their SSS in relation to
others in their direct community versus the broader USA.
Specifically, the association between SSS_ and change in IL-6
was robust to the inclusion of psychologlcal factors and held

in all post hoc sensitivity analyses, whereas the effect of SSS
on change in IL-6 became statistically nonsignificant when
adjusting for hopelessness and depressive symptoms and post
hoc sensitivity analyses. Nonetheless, given that the stand-
ardized beta coefficients were comparable for SSS  and SSS_,
we suspect that the association between SSS . and multiyear
changes in IL-6 would have been statistically significant in
a larger sample. In addition, although hopelessness and de-
pressive symptoms explained some of the variance in changes
in IL-6 attributed to SSS , neither psychological factor was
an independent driver of changes in IL-6 within this sample.
This seems to suggest that the association between SSS  and
changes in IL-6 is not attributed to differences in psycho-
logical factors, at least in this sample.

It is not clear why there were more consistent associations
between SSS_ and changes in IL-6. When looking at prior
studies of SSS and inflammation, one focused on SSS . [19],
one focused on SSS_ [15], and two used a more general so-
ciety ladder that did not include a specific referent group
[14, 18]. However, a meta-analysis by Zell et al. [6] found
comparable small, positive associations of SSS ( and SSS_ on
health parameters (e.g., health behaviors, self rated health
biomarkers) even when including both as predictors in the
same model. In light of our findings and that the two ladders
were strongly (but not perfectly) correlated in our sample, this
collectively suggests that future work should consider both
ladders and how the type of ladder may modify the relation
between SSS and inflammation by collecting qualitative data
to elucidate factors that may underlie differences in partici-
pants’ ratings for each of these ladders [31].

Although purely speculative, one reason for more robust
effects of SSS_ versus SSS . on multiyear changes in IL-6 could
be reflective of differences in the salience of the self-relevant
comparison groups referenced in the instructions of the two
ladders scales and to whom participants are comparing
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Change
in BMI

a=-.186, p=.007 b =.339, p < .001

Change

888c in CRP

¢’=.053,p = 419

Standardized indirect effect (ab) = -.002, Boot SE = .001,
Boot 95%CI = [-.004, -.001]

Total effect =-.072, p = 317

Fig. 1. There was an indirect effect of community subjective social status
(SSS.) on multiyear change in circulating levels of C-reactive protein
(CRP) through change in adiposity as measured by body mass index
(BMI). Specifically, adults who reported lower SSS_. at baseline had an
increase in their BMI between the baseline and follow-up visit. A greater
increase in BMI was in turn associated with a multiyear increase in CRP
levels. Nonetheless, the total effect of SSS_ on multiyear change in CRP
was not significant (p > .30).

themselves. To elaborate, people may be reminded of where
they stand in their communities on a regular basis through
daily interactions with other community members. This may
manifest as receiving verbal or financial recognition at work
to being acknowledged with a wave or greeting while walking
in their neighborhood, all of which serve as reminders of their
worth and value. In contrast, SSS in relation to other U.S.
adults may be more abstract and may not be as salient if
most of people’s daily interactions are with others in their
direct communities. Thus, it may be that when making U.S.
comparisons, people tend to abstractly think about how they
compare to other Americans on more objective SES indica-
tors, such as education or income, rather than more subtle
aspects of SES such as respect where they may have concrete
experiences or referents in their social networks. Indeed, SSS
was more strongly correlated with family-adjusted income
compared with SSS_ in the sample. Coupled with the fact that
the salience of SSS may change depending on the self-relevant
context (e.g., at work or in one’s neighborhood), future re-
search could consider whether SSS measured in daily life may
relate to changes in inflammation over time and whether
these associations differ depending upon to whom people are
comparing themselves.

Nevertheless, neither SSS . nor SSS_. was directly associated
with changes in CRP even though there was an average in-
crease in CRP levels from baseline to follow-up within the
sample. Rather, in exploratory analyses we found that there
was an indirect effect of SSS  on changes in circulating levels
of CRP through changes in BMI. Specifically, lower SSS  at
baseline was associated with an increase in BMI between
visits and this increase in BMI was in turn associated with
an increase in circulating levels of CRP. This could suggest
that SSS may be directly tied to multiyear changes in IL-6 but
indirectly to CRP through other means, such as increases in
adiposity. Then again, we may have simply missed other path-
ways, such as changes in sleep and sedentary behavior, that
may be more relevant to SSS and multiyear changes in IL-6.
Nonetheless, these results should be interpreted with caution
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and replicated in larger samples given that they were explora-
tory and that the total effect and all other indirect pathways
were nonsignificant. Thus, longitudinal research with mul-
tiple waves of data collected over a longer period of time is
needed to discern (i) to what extent the multiyear increases in
circulating levels of IL-6 that we observed here are reflective
of a trajectory of increasing inflammation that ultimately
leads to a clinical diagnosis of CVD or diabetes, (ii) whether
this pattern of effects eventually emerges for CRP, and (iii)
what biopsychosocial mechanisms may account for these ob-
served associations.

In addition, neither race nor sex moderated associations
between SSS and prospective changes in IL-6 and CRP. We
were likely underpowered to examine these conditional ef-
fects, especially for racial differences as only 82 of the 278
participants who completed the follow-up visit identified with
a racial minority group. There may have also been meaningful
differences that we missed based on how race and sex were
operationalized. Unfortunately, given the sample size and
distribution, we were not powered to examine associations
separately for people from different racial backgrounds nor
could we examine the role of ethnic identity as only 5 par-
ticipants identified as Hispanic or Latine. Similarly, we were
not powered to conduct moderated mediation analyses to
consider whether indirect effects of SSS on changes in IL-6
and CRP differed by race and sex, which is a needed area for
future investigation. We also did not consider nativity status,
which has been found to moderate associations between SSS
and health among certain racial minority groups [53, 54].
Finally, participants reported on their sex assigned at birth,
which may not align with their gender identity. Thus, future
research is needed to disentangle the effects of sex and gender
identity on associations between SSS and prospective change
in IL-6 and CRP.

The conceptualization of SSS may also meaningfully differ
by sex and race, and in turn, have different implications for
health, even if we did not observe that here. For example,
research has found that SSS is not as consistently correl-
ated with education and income among Black Americans
relative to their White peers [4, 31, 34, 55] and that asso-
ciations between SSS and objective SES are modest among
Asian Americans [39]. Unfortunately, we cannot adequately
address this latter question in our cohort as we only had 15
participants who identified as Asian American. Nonetheless,
within our sample, correlations between both SSS ladders
and between SSS_. and objective SES were relatively weaker
among participants of color compared with their White peers.
In addition, the racial difference in mean SSS  was greater
than that of SSS_, perhaps suggesting that comparing oneself
to others in the broader USA brings to light more racial in-
equalities. Alternatively, it may be that when thinking of com-
munity, people are comparing themselves to others who share
similar identities (e.g., race, sex) whereas they are comparing
themselves to people more generally when thinking about the
broader USA. There is also some evidence that SSS may cap-
ture different aspects of social status for women compared
with men (e.g., [55]). Among our participants, SSS  and
family-adjusted income were more strongly correlated among
men compared with women while correlations between SSS_
and family-adjusted income were relatively similar. Moreover,
there were stark differences in objective SES in our sample,
with people from racial minorities reporting family-adjusted
incomes an average of $15,000 less than their White peers
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and women reporting family-adjusted incomes an average of
$7,000 less than men at baseline. Because SSS ratings may
reflect power, privilege, and respect based on an array of
sociodemographic and historical factors that overlap with
objective SES, future research should view SSS and health
from an intersectional lens. Indeed, gaining a clearer sense
of what SSS means to people with different lived experiences
and sociodemographic identities is needed to inform our
understanding of how SSS may relate to long-term health and
how SSS ratings can be leveraged to address socioeconomic
inequalities in health.

We also did not find support for our second set of explora-
tory analyses examining multiyear changes in family-adjusted
income and SSS relating to concurrent changes in IL-6. This
is likely due to limited variability within the sample. It is
possible that SSS and family-adjusted income may become
relatively stable with age, especially as adults become more
established in their careers. As such, it may be more mean-
ingful to examine changes in SSS and income in relation to
health during life stages where greater fluctuations in income
and SSS are expected, such as emerging and young adulthood
when people are becoming financially independent from
their parents. For example, Goodman et al. [56] found that
decreasing SSS from adolescence to young adulthood was as-
sociated with increased risk of obesity and depressive symp-
toms. In addition, the time between baseline and follow-up
visits may not have been sufficient to capture changes in SSS
and income within our sample. Weiss and Kunzmann [57]
examined changes in SSS over a decade and found that mid-
life adults with decreasing SSS had concurrent increases in
negative affect and decreases in positive affect. Thus, it may
be more valuable to consider how changes in family-adjusted
income and SSS relate to prospective changes in IL-6 and CRP
over decades rather than years.

Strengths and Limitations

This study has several strengths. It leveraged a prospective
design to examine changes in circulating levels of IL-6 across
multiple years. We also included assessments of both SSS
and SSS_, and examined whether associations between SSS
and multiyear changes in IL-6 and CRP were independent of
objective measures of SES including educational attainment
and family-adjusted income. Beyond objective SES, we also
considered alternative explanations that may have contrib-
uted to findings by adjusting for psychological factors and
conducting sensitivity analyses excluding participants who
developed chronic health conditions in between visits. We also
explored potential pathways that may have partly accounted
for associations between SSS and prospective changes in CRP
and IL-6, which may could serve as potential areas for future
investigation. Even though strict inclusion criteria may limit
generalizability, we nonetheless found significant associations
between SSS and multiyear increases in IL-6 and indirect
effects of SSS on changes in CRP through changes in BMI
within a relatively healthy adult sample.

Nonetheless, this study is not without its limitations. These
include the abovementioned limitations about how race and
sex were operationalized as well as the undetermined clinical
significance of findings. Namely, it is not clear to what extent
the multiyear increases in IL-6 observed here lead to clinically
meaningful differences in the prevalence of chronic health con-
ditions of aging. Other limitations include possible batch ef-
fects for IL-6 and CRP, and our choice of measures to capture
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objective SES. Although we considered family-adjusted income
and educational attainment, additional measures of wealth
(e.g., stocks), assets (e.g., homeownership), and types of debt
(e.g., college loans, credit card debt) would strengthen fu-
ture studies that aim to examine the unique effects of SSS on
health that are independent of objective SES. Research is also
needed to elucidate additional shared and unique pathways
through which SSS may come to be associated with multiyear
increases in IL-6 and CRP, respectively. Along with alterations
in physiological stress reactivity, psychological factors, and adi-
posity, recent work has suggested that eating behaviors and
physical activity may be other pathways through which SSS
relates to health [58, 59]. It would also be important to con-
sider how experiences of discrimination, financial strain, and
other psychosocial factors that unfold across time may me-
diate the SSS to inflammation association. Finally, this was a
socioeconomically advantaged sample as evidenced by over
60% of participants having a Bachelor’s degree or higher. This
restriction in range may help explain why some of the asso-
ciations were nonsignificant. With relatively few participants
of low SES, the range of values may have been restricted and
downwardly biased estimates of associations between SSS and
IL-6 and CRP. Therefore, replication studies using nationally
representative samples with a broader range of SSS, education,
and income levels are needed to substantiate findings.

Conclusion

Among a sample of midlife adults, we found that lower SSS
was prospectively associated with multiyear increases in IL-6
independently of income and education. Exploratory analyses
also revealed a possible indirect effect of SSS on multiyear in-
creases in CRP through increases in adiposity as measured by
BMI, although this needs to be replicated. These findings, al-
beit preliminary, could suggest that lower SSS may increase risk
for chronic health conditions of aging (e.g., CVD, diabetes) by
exacerbating age-related increases in low-grade inflammation.
Once replicated in larger, more racially, ethnically, and gender
diverse samples, a next step will be to understand how to inter-
vene on SSS at the individual- and policy level to offset the link
between lower SSS and increases in inflammation.
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