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Background  Measures of financial hardship have been suggested to supplement traditional indicators of socio‑
economic status (SES) to elucidate household economic well-being. This study formally tested the construct validity 
of financial hardship and examined its association with markers of inflammation.

Methods  This study utilized data from the Midlife Development in the United States Refresher Study (MIDUS-R; 
Age = 23-76, 53.7% female, 71% white). Participants were divided into exploratory factor analysis (EFA; completed 
SAQs only; N = 2,243) and confirmatory factor analysis sample (CFA; completed SAQs and biomarker assessment; 
N = 863). Analysis was divided into three steps. First, exploratory factor analysis (EFA) is used to examine if the three-
domain factor (material, psychological, and behavioral) is the best fitting model for financial hardship measures. 
Second, we conducted CFA to test the hypothesized three-factor measurement model of financial hardship. Third, we 
tested the association between domains and the general latent factor of financial hardship and inflammation (inter‑
leukin 6/IL6, c-reactive protein/CRP, and fibrinogen).

Results  Results from EFA supported the three-domain model of financial hardship. The hypothesized three-domain 
measurement model fits well in a different sample within MIDUS-R. In the models adjusted for age and sex, higher 
material hardship was associated with elevated IL6, CRP, and fibrinogen, while higher behavioral hardship was associ‑
ated with higher CRP. The association between the material domain and IL6 remained significant after adding body 
mass index, education, and race as additional covariates. The second-order financial hardship measurement model 
was associated with IL6, CRP, and fibrinogen, adjusted for age, sex, BMI, education, and race.

Conclusion  Explicating the socioeconomic environment to include indicators of financial hardship can help 
researchers better understand the pathway between SES and the inflammation process, which may help elucidate 
pathways between SES and age-related chronic diseases associated with inflammation.
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Background
Research has consistently shown that adverse socioeco-
nomic circumstances (e.g., low educational attainment) 
negatively affect health and well-being [1]. One line of 
this research explores mechanisms through which these 
adverse social circumstances “get under the skin” using 
measures of inflammatory processes [2, 3]. This research 
has shown that lower socioeconomic status is associated 
with elevated inflammatory markers such as C-reactive 
protein (CRP) [4–8], interleukin-6 (IL6) [5, 7, 8], and 
fibrinogen [6, 9, 10]. Inflammation is a complex biologi-
cal response of the immune system [11], and it is the dys-
function of this complex system that can lead to chronic 
inflammation [12]. The role of chronic inflammation in 
aging and age-related diseases has been explored in sev-
eral large epidemiologic studies [13]. In particular, these 
studies have shown that chronic inflammation is associ-
ated with cardiovascular disease [14], cancer [15], diabe-
tes [16, 17], and Alzheimer’s disease [18].

Socioeconomic status is often conceptualized in 
the research literature as a multidimensional con-
struct [19], usually operationalized using one (or two) 
traditional measures (e.g., income or educational 
attainment) [20]. Determining the influence of socio-
economic circumstances not captured by these tradi-
tional indicators of individual socioeconomic status on 
health may help further explain the pathways leading to 
racial/ethnic and socioeconomic health disparities [21]. 
Calls have been made in the social determinants of 
health literature suggesting a need for using measures 
of socioeconomic circumstances that go beyond tradi-
tional measures to better capture how SES is lived [22]. 
Measures of financial hardship have been proffered as 
useful indicators for household economic well-being 
[23]. Yet, there is no agreed-upon definition or measure 
of financial hardship across research fields. However, 
cancer researchers recently developed a three-domain 
conceptual model to help sort the many terms used to 
capture the financial hardship experience in the context 
of cancer survivorship [24–26]. The three-domain con-
ceptual model is characterized by: 1) a material domain 
that captures the lack of financial resources, 2) a psy-
chological domain that captures how people feel about 
their lack of financial resources, and 3) a behavioral 
domain that captures how people manage (or adjust) 
their financial resources or the purposeful efforts that 
people use to economize to meet their financial obli-
gations. Sorting the many terms used to describe the 

financial hardship experience into the material, psy-
chological, and behavioral domains is informed by the 
materialist, psychosocial, and behavioral explanations 
for health inequities [27]. Research has yet to explore 
the validity of this construct and whether this approach 
to financial hardship can be useful to elucidate socio-
economic health disparities above and beyond the tra-
ditional measures of SES.

While neither the causal pathway from financial 
hardship to health outcomes nor how financial hard-
ship contributes to health disparities have been fully 
explicated, the influence of the material, psychologi-
cal, and behavioral aspects of socioeconomic circum-
stances on health have been described using cognitive 
load and stress-related theories and theories of health 
disparities. Specifically, cognitive load theory suggests 
that poor cognitive performance can result from the 
attentional capture that material hardship causes; that 
is, the material financial hardship experience consumes 
cognitive resources, thus limiting information process-
ing capacity [28]. The conservation of resources stress 
theory suggests that the depletion of financial resources 
or even the threat of the depletion of resources where 
individuals may struggle to meet their financial obli-
gations can cause financial stress, which describes the 
psychological domain of financial hardship [29, 30]. 
Material, psychological, and behavioral pathways have 
been used to explain socioeconomic disparities in 
health [31, 32], suggesting that material factors shape 
the psychological resources and health behaviors of 
individuals [33]. Specifically, materialist explanations of 
health disparities have shown that differences in basic 
needs such as food, housing, and access to services and 
amenities contribute to disparities in health [27].

A few studies have explored the association between 
financial hardship and physiologic outcomes [34, 35]. 
However, to our knowledge, no study has explored the 
material, psychological, and behavioral aspects of finan-
cial hardship on physiologic responses (e.g., markers of 
inflammation). To address these gaps in the research 
literature, the goals for the current study were twofold. 
First, we investigated the factor structure and validity 
of the items related to financial hardship and examined 
if they fit the material-psychological-behavioral frame-
work of financial hardship. Second, we investigated the 
association between the material-psychological-behav-
ioral framework of financial hardship and multiple 
indicators of inflammation among US adults.
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Methods
Data and participants
We used data from the Midlife Development in the 
United States (MIDUS), a national study of health and 
well-being (http://​midus.​wisc.​edu). The MIDUS study 
was started in 1995 (MIDUS 1), followed by the longitu-
dinal follow-up (MIDUS 2) in 2004. Descriptions of the 
MIDUS 1 and 2 studies are provided elsewhere [36, 37]. 
In 2011, a new national probability sample was recruited 
to participate in the MIDUS Refresher study. The MIDUS 
Refresher study aimed to refresh and expand the overall 
MIDUS study by recruiting a new sample comparable to 
the participants in MIDUS 1 in terms of demographic 
characteristics. In addition, the MIDUS Refresher was 
intended to examine the impact of the Great Recession in 
the late 2000s on health and well-being [38, 39].

The study protocol in the MIDUS Refresher was the 
same as in the previous waves of MIDUS, in which par-
ticipants were recruited through random dial digits and 
completed a 30-min phone interview (n = 3,577, response 
rate 59%). Most MIDUS Refresher participants who com-
pleted the phone interview (73%) also completed self-
administered questionnaires (SAQs). To increase the 
racial diversity of participants in the MIDUS Refresher, 
a supplemental sample comprising most Black partici-
pants was recruited from Milwaukee County, WI. The 
Milwaukee supplemental sample included 508 (response 
rate = 47.7%) participants who completed in-person 
interviews; 59% of the participants also completed SAQs. 
Most of the questions regarding financial hardship were 
part of the SAQs. In addition, only participants who 
completed SAQs were eligible to complete the biomarker 
data collection in the MIDUS Refresher. Thus, only par-
ticipants who completed SAQs were included in the 
analytic sample (N = 3,106). Participants who completed 
SAQs but did not complete the biomarker data collection 
were included in the exploratory factor analysis or EFA 
(N = 2,243). The remaining participants who completed 
SAQs (N = 863) completed the biomarker study and were 
included in the confirmatory factor analysis (CFA). The 
EFA and CFA samples were similar in sociodemographic 
characteristics, including age, sex, and marital status 
(Table  1). Relative to the EFA sample, the CFA sample 
included fewer Black adults and more participants with 
bachelor’s degrees or higher (Table 1).

Analytic sample
EFA sample (N = 2,243)
The EFA sample was 54.3% female, with a mean age of 
50.62 (SD = 14.51, range = 23–75). Most self-identified 
as white (71.1%) and non-Hispanic (96.2%). Almost one-
third of the EFA sample (29.9%) completed HS/GED or 
less, and more than half (57.6%) are currently married.

CFA sample (N = 863)
 The CFA sample included participants who completed 
both SAQs and the biomarker assessment in the MIDUS 
Refresher study. The biomarker assessment was con-
ducted from 2013 to 2016. Participants completed the 
biomarker assessment six months to 2  years after com-
pleting the baseline survey, with a follow-up time median 
of about one year. Participants were invited to stay over-
night at one of the three regional clinical research units 
(CRUs) on the East, Midwest, and West Coasts. The CRU 
selection for each participant was based on the one that 
imposed the least travel burden. Participants completed 
comprehensive biological and health assessments during 
the stay, including blood and urine sample collections. 
The CFA sample was 52.1% female, with a mean age of 
50.84 (SD = 13.41, range = 25–76). More than half (58.5%) 
are married, and almost one-fifth completed HS/GED or 
less. The EFA sample was predominantly white (70.6%) 
and non-Hispanic (96.1%).

Measures
Financial hardship
Data regarding financial hardship were collected during 
the baseline survey (2011–2014). Financial hardship was 
assessed using 11 indicators in the baseline survey. The 
authors sorted these items into the material, psychologi-
cal, and behavioral domains previously described in the 
cancer prevention and survivorship research [24].

Material domain
The material domain includes indicators related to the 
lack of financial resources [24]. Three indicators were 
used as the measures of the material domain of financial 
hardship: 1) income to poverty line ratio, adjusted for the 
total household size (3 =  < 300%, 2 =  ≥ 300% but less than 
600%, 1 =  ≥ 600%), 2) health insurance coverage (no = 1 
or yes = 0), and 3) public/government financial assistance, 
based on whether the household received public or gov-
ernment assistance in the last calendar year (yes = 1, or 
no = 0), such as supplemental security income, social 
security disability insurance, food stamps, Temporary 
Assistance for Needy Family (TANF), and unemploy-
ment benefits.

Psychological domain
As part of the psychological domain, we included two 
indicators related to perceived financial satisfaction 
and two measures related to perceived financial stress 
or worry. Measures of perceived financial satisfaction 
include current financial situation and financial control. 
Participants reported their current financial situations on 
a 0 (“the worst possible financial situation”) to a 10 (“the 
best possible financial situation”) scale. To operationalize 

http://midus.wisc.edu
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Table 1  Descriptive statistics for participants’ sociodemographic characteristics, financial hardship, and biological markers

M Mean, SD Standard deviation, ln natural log, |t| or |χ| t-statistic or chi-squared value from comparing EFA and CFA samples

* = p < .05, *** = p < .001

Sociodemographic %, M, SD |t| or |χ|

EFA Sample (N = 2,243) CFA Sample (N = 863)

Age (M, SD; range) 50.62 (14.51) 50.84 (13.41) 0.41

Female (%) 54.3 52.1 1.17

Race

  White (%) 71.1 70.6 8.42 *

  Black (%) 21.2 18.8

  Others (%) 7.6 10.6

  Non-Hispanic 96.2 96.1 0.04

Married (%) 57.7 58.5 0.16

Education

  HS/GED or lower 29.9 17.3 61.7 ***

  Some college 30.8 30.5

  Bachelor’s degree or higher (%) 39.3 52.2

Financial Hardship

  Material Domain

    Income to poverty line ratio

      < 300% (%) 44.3 35.4 21.37 ***

       ≥ 300%- < 600% (%) 30.2 32.7

       ≥ 600% (%) 25.6 31.9

    No health insurance coverage (%) 11.8 9.2 4.22 *

    Received public/government assistance last calendar year 
(%)

32.1 29.6 1.79

Psychosocial Domain

  Perceived current financial situation (M, SD) 5.81 (2.42) 5.95 (2.46) 1.41

  Perceived financial control (M, SD) 6.20 (2.70) 6.34 (2.70) 1.32

  Perceived Availability of money to meet needs

    More money than need (%) 32.7 29.9 3.92

    Enough money (%) 50.8 50.1

    Not enough money (%) 16.4 20.0

  Perceived difficulty paying monthly bills

    Not at all difficult (%) 11.0 10.6 3.92

    Not very difficult (%) 31.6 29.3

    Somewhat difficult (%) 30.4 29.7

    Very difficult (%) 27.0 30.4

Behavioral Domain

  Missed a credit card payment (%) 15.4 16.9 1.07

  Missed other debt payment (%) 14.5 14.7 0.02

  Sold possessions to make ends meet (%) 23.0 22.8 0.02

  Cut back on spending (%) 74.6 73.9 0.16

Physiological Markers

Inflammation Markers

  ln Interleukin 6 (IL6; pg/mL; M, SD) — 0.72 (0.80) —

  ln C-Reactive Protein (CRP; ug/mL; M, SD) — 0.50 (1.28) —

  Fibrinogen (g/L; M, SD) — 3.43 (0.74) —

Health-related Covariates

  BMI (Kg/m2; M, SD) — 30.59 (9.54) —

  Number of chronic conditions — 4.29 (3.40) —

  Using prescription drugs (%) — 70.7 —
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financial control, we used the item that asked partici-
pants: “How would you rate the amount of control you 
have over your financial situation these days?” on a 0 
(“no control at all”) to 10 (“very much control”) scale. 
The original scores for the current financial situation 
and financial control were reverse-coded. Thus, higher 
scores represent higher financial hardship. Measures of 
perceived financial stress or worry include: 1) perceived 
availability of money to meet needs and 2) perceived dif-
ficulty paying bills. To operationalize the availability of 
money to meet needs, we used the item that asked par-
ticipants: “In general, would you say you (and your fam-
ily living with you) have more money than you need, 
just enough for your needs, or not enough to meet your 
needs?” on a 1–3 scale (3 = not enough money, 1 = just 
enough money, 1 = more money than you need). To oper-
ationalize the difficulty level of paying bills, we used the 
item that asked participants to rate their difficulty level 
in paying monthly bills on a 1–4 scale (4 = very difficult, 
3 = somewhat difficult, 2 = not very difficult, 1 = not at all 
difficult).

Behavioral domain
Measures for the behavioral domain were taken from a 
scale used in the National Survey of Unemployed Adults 
conducted by the Heidrich Center for Workforce Devel-
opment that included job-, home-, and financial-related 
hardships [40]. For this analysis, we included four items 
related to behavioral actions associated with dealing 
with financial hardship [39]. Participants responded to 
whether they ever experienced the following (1 = Yes, 
0 = No): 1) missed a credit card payment, 2) missed other 
debt payment (e.g., car or student loans), 3) sold posses-
sions to make ends meet, and 4) cut back on spending.

Inflammation markers
We included three inflammation markers in this analysis, 
interleukin 6 (IL6), c-reactive protein (CRP), and fibrino-
gen. Inflammation markers were assayed from fasting 
blood samples collected before breakfast on the second 
day of biomarker assessment. Blood samples were col-
lected using standardized procedures Field [39] to ensure 
consistency. IL6 was measured using the Quantikine® 
High-sensitivity ELISA kit #HS600B (R & D Systems, 
Minneapolis, MN). The assay range was 0.156–10  pg/
mL, intra-assay CV was 3.73%, and inter-assay CV was 
15.66%. CRP was measured using a particle-enhanced 
immunonephelometric assay (BNII nephelometer, Dade 
Behring Inc., Deerfield, IL). The assay range was 0.014–
216 ug/mL, intra-assay coefficients of variability (CVs) 
ranged from 2.2 to 4.1%, and inter-assay CVs ranged from 
4.72 to 5.16%. Finally, fibrinogen antigen was measured 
using the BNII nephelometer (N Antiserum to Human 

Fibrinogen; Siemens, Malvern, PA). The assay range 
was 2.8–4560  mg/dL, intra-assay CV was 2.7%, and 
inter-assay CV was 4.13–6.64%. IL-6 was assayed in the 
MIDUS Biocore Laboratory at the University of Wiscon-
sin, Madison, WI. CRP and Fibrinogen were assayed at 
the Laboratory for Clinical Biochemistry Research at the 
University of Vermont, Burlington, VT.

Covariates
Sociodemographic, SES and health-related factors 
were included as covariates, including age (years), sex 
(0 = female, 1 = male), body mass index (BMI; kg/m2), 
education (0 = no bachelor’s degree, 1 = bachelor’s degree 
or higher), and race/ethnicity (0 = racial/ethnic minority, 
1 = non-Hispanic white).

Analysis
Analysis for this study was conducted using a struc-
tural equation modeling (SEM) framework and divided 
into three steps. Pre-analysis steps for SEM were per-
formed, including extensive data assessment, cleaning, 
and missing data analysis [38, 41]. Data were inspected 
for the potential univariate (through standardized scores, 
|z|≥ 3.30) and multivariate (i.e., Mahalanobis Distance 
p < 0.001 and Studentized Deleted Residual greater 
than ± 4.00) outliers. Although few univariate outliers 
were identified, we retained them as they were minimally 
severe (less than four standard deviations away from the 
mean) [42]. Furthermore, no multivariate outliers were 
found. Due to normality concerns, natural log-trans-
formed (ln) data for CRP and IL6 were used for analy-
sis. The assessment of model fit and accuracy in all steps 
of the analysis was based on multiple criteria, including 
[43, 44]: (a) various fit indices to evaluate overall good-
ness of fit, (b) examining whether there were concen-
trated areas of strain in the solution, and (c) size of the 
estimates, statistical significance, and the interpretability 
of the model’s parameter estimates. Given the mixture 
of continuous, categorical, and binary financial hardship 
items, we utilized the weighted least squares with mean 
and variance adjustment (WLSMV) estimation method. 
We reported the standardized estimates with a 95% con-
fidence interval (CI). Most of the analysis was conducted 
in Mplus 8.8 [45].

Step 1: Exploratory Factor Analysis (EFA)
We conducted exploratory factor analysis (EFA) 
involving the EFA sample to test whether each item 
of financial hardship mapped into the corresponding 
hypothesized domains (material, psychological, and 
behavioral). Domains of financial hardship were hypoth-
esized to be correlated with each other. Thus, we utilized 
an oblique rotation method. Given the strong theoretical 
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foundation of the three-factor solution for financial hard-
ship, we used CF- FACPARSIM rotation to minimize 
factor complexity by spreading variances evenly across 
all rotated factors [46]. Only current financial status and 
control over financial status were treated as continuous 
variables, while the rest were treated as categorical varia-
bles (using the CATEGORICAL command in Mplus). We 
tested one-, two-, three-, and four-factor models in the 
analysis based on the polychoric correlation matrix with 
the WLSMV estimation method. We hypothesized that 
the three-factor model would show a better fit relative 
to the other solutions. We also examined additional fac-
tor retention criteria to evaluate the number of factors, 
including parallel analysis based on the 95th percentile 
of random eigenvalues, the Empirical Kaiser criterion, 
the Hull method, and comparison data. We hypothesized 
that in the three-factor model, financial hardship ques-
tions from the same domain would show higher loadings 
on the same factor. We utilized the factor loading cutoff 
of |0.4| to consider whether the question was meaning-
fully associated with the corresponding factor [47].

Step 2: Confirmatory Factor Analysis (CFA)
Confirmatory factor analysis (CFA) was conducted to test 
the hypothesized three-factor model of financial hardship 
in a different sample from the MIDUS Refresher study 
(i.e., the CFA model). We compared the three-factor to 
the one-factor measurement model. Since WLSMV was 
used, the chi-square difference test between the one-fac-
tor vs. three-factor measurement model was conducted 
using the DIFFTEST command in Mplus based on the 
formula developed by Satorra and Bentler [48].

Step 3: testing the association between financial hardship 
and inflammation
The third step of the analysis was to examine if the three 
hypothesized latent factors of financial hardship were 
associated with IL6 and CRP among adults in the CFA 
sample. Prediction of IL6 and CRP by financial hardship 
was conducted in separate models. The marker of inflam-
mation was also regressed on covariates to account for 
the influence of key sociodemographic and health-related 
factors (MODEL 1 = adjusted for age and sex; MODEL 
2 = adjusted for age, sex, and BMI; MODEL 3 = adjusted 
for age, sex, BMI, education, and race). Finally, we tested 
the association between the second-order measurement 
model of financial hardship (with three latent domains 
in the first order) and all the inflammatory biomark-
ers, controlling for the covariates. The model fit of the 
second-order measurement model would be identical to 
the model fit of the hypothesized CFA model because we 

have three factors in the first order (i.e., the higher-order 
factor identification was just identified).

Results
Descriptive statistics
Descriptive statistics for the financial hardship variables 
and the inflammation markers are presented in Table 1. 
Almost all indicators of financial hardship were similar 
between EFA and CFA samples, except for income to 
poverty line ratio (more participants within the < 300% 
category in the EFA sample) and health insurance cov-
erage (more participants with no coverage in the EFA 
sample), both are part of the material domain of finan-
cial hardship. Information regarding inflammation and 
health-related covariates is only available from the CFA 
sample (i.e., MIDUS Refresher Biomarker study par-
ticipants). Bivariate polychoric correlation among the 
financial hardship measures (for the EFA sample) and 
financial hardship measures and inflammation markers 
(for the CFA sample) are presented in Supplementary 
Material 1.

Exploratory Factor Analysis (EFA)
We hypothesized that measures of financial hardship 
would follow the three-domain factor solution, namely 
material, psychological, and behavioral. The analysis 
included a sufficient sample size (N = 2,243) and partic-
ipant-to-item ratio (172.5 to 1) for stable and replicable 
factor solutions. Our data showed a meritorious Kai-
ser–Meyer–Olkin (KMO) value of 0.89. Bartlett’s test of 
sphericity was significant (χ2 [55] = 13,215.03, p < 0.001), 
indicating that the data are suitable for factor analysis. 
Results from EFA suggested that the 3-factor model was 
the best-fitting solution (χ2 = 125.88, df = 25, p < 0.001; 
RMSEA = 0.04; CFI = 0.99; TLI = 0.98; SRMR = 0.03; see 
Table 2). Furthermore, compared to the 2-factor model, 
the 3-factor model showed significantly better model fit 
(χ2 [df = 9] = 181.328, p < 0.001; Table 2), and the 3-factor 
solution fit the hypothesized financial hardship domains. 
While the four-factor solution showed a significantly 
better fit than the 3-factor solution (χ2 [df = 8] = 77.24, 
p < 0.001), the additional factor was theoretically unin-
terpretable. Thus, the three-factor solution was more 
favorable due to its theoretical interpretability and parsi-
monious solution.

We examined additional factor retention criteria to see 
the robustness of the 3-factor solution. While the find-
ings were mixed, the results from parallel analysis based 
on the 95th percentile of random eigenvalues and com-
parison data suggested the three-factor solution. Other 
criteria suggested one (Hull method) and two (Empirical 
Kaiser criterion) as the recommended number of factors. 
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Given this additional finding, we have enough empiri-
cal support for the hypothesized three-factor model of 
financial hardship. Detailed information regarding other 
factor retention criteria is presented in Supplementary 
Material 2.

The rotated factor loadings for the 2-factor, 3-factor, 
and 4-factor models are presented in Supplementary 
Material 3. The rotated factor loadings for the 3-factor 
model supported the hypothesized material-psycholog-
ical-behavioral framework of financial hardship. Income 
to poverty line ratio, health insurance coverage, and 
public/governmental financial assistance status showed 

higher factor loadings on the material domain. Perceived 
financial situation and control and perceived financial 
strains showed higher factor loadings in the psychologi-
cal domain. Finally, all behavioral-related items showed 
higher factor loadings in the behavioral domain. The 
3-factor solution showed no negative residual variance 
(Supplementary Material 3). The factor correlations for 
the 3-factor solution range from 0.33 to 0.47 (Supple-
mentary Material 3). Finally, the alpha and omega scores 
indicate sufficient reliability (see Supplementary Material 
4).

Table 2  Fit indices for the hypothesized models

χ2 Chi-square test of model fit, df degree of freedom for the chi-square test of model fit, RMSEA Root mean square error of approximation, CFI Comparative fit index, 
TLI Tucker–Lewis index, SRMR Standardized root mean squared residual, MODEL 1 Adjusted for age (years), sex (0 = female, 1 = male), MODEL 2 Adjusted for age 
(years), sex (0 = female, 1 = male), and BMI (kg/m2), MODEL 3 Adjusted for age (years), sex (0 = female, 1 = male), BMI (kg/m2), education (0 = no bachelor’s degree, 
1 = bachelor’s degree or higher), and race (0 = racial/ethnic minorities, 1 = non-Hispanic white)

*** = p < .001

SEM Model χ2 df RMSEA CFI TLI SRMR

Exploratory Factor Analysis (EFA; N = 2,243)
  2-factor model 348.30 *** 34 .06 .97 .96 .06

  3-factor model 126.36 *** 25 .04 .99 .98 .03

  4-factor model 52.74 *** 17 .03 1.00 .99 .02

  2-factor vs. 3-factor 181.51 *** 9 — — — —

  3-factor vs. 4-factor 78.42 *** 8 — — — —

Confirmatory Factor Analysis (CFA; N = 863)
  1-factor measurement model 232.53 *** 43 .07 .96 .95 .07

  3-factor measurement model 102.06 *** 40 .04 .99 .98 .04

  Chi-Square test (1- vs. 3-factor measurement 
model)

79.94 *** 3 — — — —

  Second-order measurement model Identical to the 3-factor measurement model

  Domains of Financial Hardship and Inflammation (N = 863)
    IL6 – MODEL 1 144.20 *** 64 .04 .99 .98 .04

    IL6 – MODEL 2 193.72 *** 72 .04 .98 .98 .04

    IL6 – MODEL 3 256.38 *** 88 .05 .98 .97 .04

    CRP – MODEL 1 153.20 *** 64 .04 .98 .98 .04

    CRP – MODEL 2 201.21 *** 72 .05 .98 .97 .04

    CRP – MODEL 3 263.46 *** 88 .05 .98 .97 .04

    Fibrinogen – MODEL 1 144.44 *** 64 .04 .99 .98 .04

    Fibrinogen – MODEL 2 194.22 *** 72 .04 .98 .98 .04

    Fibrinogen – MODEL 3 256.56 *** 88 .05 .98 .97 .04

General Financial Hardship and Inflammation (N = 863)
    IL6 – MODEL 1 179.43 *** 70 .04 .98 .98 .05

    IL6 – MODEL 2 237.61 *** 80 .05 .98 .97 .05

    IL6 – MODEL 3 417.30 *** 100 .06 .96 .95 .06

    CRP – MODEL 1 184.02 *** 70 .04 .98 .97 .05

    CRP – MODEL 2 240.10 *** 80 .05 .98 .97 .05

    CRP – MODEL 3 421.51 *** 100 .06 .96 .95 .06

    Fibrinogen – MODEL 1 174.45 *** 70 .04 .98 .98 .05

    Fibrinogen – MODEL 2 233.56 *** 80 .05 .98 .97 .05

    Fibrinogen – MODEL 3 414.79 *** 100 .06 .96 .95 .06
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Confirmatory Factor Analysis (CFA)
CFA was conducted to see how well the three-factor 
measurement model of financial hardship in a differ-
ent sample was drawn from the MIDUS Refresher study. 
Model modification indices from the initial analysis sug-
gested correlating missed credit card payments and other 
debt payments (e.g., car/student loan). The final three-
factor measurement model fulfilled overall goodness-of-
fit criteria (χ2 = 102.06, df = 40; RMSEA = 0.04; CFI = 0.99; 
TLI = 0.98; SRMR = 0.04; Table  2). We run a rival one-
factor measurement model correlating missed credit 
card payments and other debt payments (see Table  2 
for the model fit of the rival model). A significant decre-
ment in fit was observed when comparing the hypothe-
sized three-factor measurement model to the one-factor 
model (Δχ2 = 79.94, df = 3, p < 0.001). Thus, the three-fac-
tor model of financial hardship fit well with data from a 
different sample of adults, and it showed a significantly 
better fit than the one-factor measurement model. Stand-
ardized parameter estimates from the final three-factor 
measurement model ranged from 0.56 to 0.86 (Supple-
mentary Material 5). We also tested the second-order 
measurement model of financial hardship with three 
latent first-order factors (i.e., material, psychological, and 
behavioral). As expected, the model fit of the second-
order measurement model was identical to the three-
factor measurement model (see Supplementary Material 
5 for standardized parameter estimates).

Financial hardship and inflammation
We tested the association between financial hardship 
and inflammation markers in two different ways. First, 
we tested the association between domains of financial 
hardship and inflammation markers by regressing each 
inflammation marker on the three-factor measurement 
model of financial hardship. Second, we examined the 
association between the second-order general latent fac-
tor of financial hardship and each inflammation marker.

Domains of financial hardship and inflammation
We run structural equation models to examine the asso-
ciation between financial hardship domains and each 
inflammation marker. All the models fulfilled the overall 
goodness-of-fit criteria (see Table 2). Detailed results on 
the association between financial hardship and inflam-
mation markers are presented in Table 3 (see Supplemen-
tary Material 6 for figure representations).

Domains of financial hardship and IL6
In the model adjusted for age and sex, IL6 was signifi-
cantly associated with the material domain (Est = 0.43, 
p < 0.001, 95%CI = [0.25, 0.62]), but not psychologi-
cal (Est = -0.22, p = 0.06, 95%CI = [-0.41, -0.03]) and 

behavioral (Est = 0.19, p = 0.09, 95%CI = [0.01, 0.19]) 
domains. Higher material hardship was associated with 
elevated IL6. The association between the material 
domain and IL6 remained significant after adding BMI, 
education, and race as additional covariates (Est = 0.46, 
p = 0.03, 95%CI = [0.11, 0.81]).

Domains of  financial hardship and  CRP  Adjusted for 
age and sex, CRP was significantly associated with both 
material (Est = 0.22, p = 0.036, 95%CI = [0.05, 0.40]) and 
behavioral (Est = 0.22, p = 0.037, 95%CI = [0.05, 0.40]), 
but not psychological domain (Est = -0.16, p = 0.16, 
95%CI = [-0.34, 0.03]). Higher material and behavioral 
financial hardship were associated with more elevated 
CRP. However, the associations became non-significant 
for both material (Est = 0.03, p = 0.85, 95%CI = [-0.26, 
0.33]) and behavioral (Est = 0.18, p = 0.08, 95%CI = [0.01, 
0.35]) domains after BMI, education, and race added as 
additional covariates.

Domains of  Financial Hardship and  Fibrinogen  The 
material domain (Est = 0.25, p = 0.014, 95%CI = [0.08, 
0.42]), but not psychological (Est = -0.11, p = 0.31, 
95%CI = [-0.28, 0.07]) and behavior domains (Est = 0.14, 
p = 0.17, 95%CI = [-0.03, 0.30]) of financial hardship, was 
significantly associated with fibrinogen in the model 
adjusted for age and sex. Higher material financial hard-
ship was associated with more elevated fibrinogen. The 
material domain remained significantly associated with 
fibrinogen after adding BMI as an additional covariate 
(Est = 0.20, p = 0.04, 95%CI = [0.04, 0.37]). However, the 
material domain was not significantly associated with 
fibrinogen in the fully adjusted model (Est = 0.05, p = 0.77, 
95%CI = [-0.24, 0.34]).

General latent factor of financial hardship 
and inflammation
All the structural equation models testing the association 
between the general latent factor of financial hardship 
and inflammation markers fulfilled the overall goodness-
of-fit criteria (see Table 2). Detailed results on the asso-
ciation between financial hardship and inflammation 
markers are presented in Table 4 and Figs. 1, 2 and 3.

General financial hardship and IL6
Higher financial hardship was significantly associated 
with more elevated IL6 in the model adjusted for age 
and sex (Est = 0.34, p < 0.001, 95%CI = [0.28, 0.40]). The 
association between financial hardship and IL6 was 
attenuated after adding BMI but remained statistically 
significant (Est = 0.28, p < 0.001, 95%CI = [0.22, 0.34]). 
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This association was further attenuated in the fully 
adjusted model (Est = 0.25, p < 0.001, 95%CI = [0.17, 0.32]; 
Fig. 1).

General financial hardship and CRP
In the model adjusted for age and sex, higher financial 
hardship was associated with higher CRP (Est = 0.24, 
p < 0.001, 95%CI = [0.17, 0.31]). This association weak-
ened but remained significant after adding BMI as an 
additional covariate (Est = 0.17, p < 0.001, 95%CI = [0.10, 
0.23]). Finally, adding education and race into the model 
further attenuated the significant association between 

financial hardship and CRP (Est = 0.11, p = 0.017, 
95%CI = [0.03, 0.19]; Fig. 2).

General financial hardship and fibrinogen
Adjusted for age and sex, more financial hardship was 
associated with more elevated fibrinogen (Est = 0.24, 
p < 0.001, 95%CI = [0.18, 0.30]). Adding BMI as an addi-
tional covariate into the model attenuated the association 
between financial hardship and fibrinogen (Est = 0.18, 
p < 0.001, 95%CI = [0.12, 0.24]). Financial hardship 
remained significantly associated with fibrinogen in the 

Table 3  Findings from structural equation models on the association between domains of financial hardship and inflammation 
(N = 863)

MODEL 1 = adjusted for age, sex; MODEL 2 = adjusted for age, sex, and body mass index, MODEL 3 = adjusted for age, sex, body mass index, education, and race

95%CI = 95% confidence interval

† = p < .10

* = p < .05

** = p < .01

*** = p < .001

Predictor MODEL 1 MODEL 2 MODEL 3

Estimate (SE) 95%CI Estimate (SE) 95%CI Estimate (SE) 95%CI

Domain of Financial Hardship and IL6
  Material domain 0.43 (0.11) *** [0.25, 0.62] 0.38 (0.11) *** [0.20, 0.56] 0.46 (0.21) * [0.11, 0.81]
  Psychosocial domain -0.22 (0.12) † [-0.41, -0.03] -0.19 (0.04) † [-0.36, -0.01] -0.21 (0.14) [-0.43, -0.02]

  Behavioral domain 0.19 (0.11) † [0.01, 0.36] 0.14 (0.11) [0.04, 0.31] -0.12 (0.11) [0.06, 0.31]

  Age 0.49 (0.04) *** [0.42, 0.56] 0.47 (0.04) *** [0.41, 0.53] 0.48 (0.04) *** [0.41, 0.55]
  Sex (0 = female, 1 = male) 0.04 (0.04) [-0.02, 0.09] 0.04 (0.03) [-0.01, 0.09] 0.04 (0.03) [-0.01, 0.10]

  Body mass index 0.33 (0.02) *** [0.30, 0.36] 0.33 (0.02) *** [0.30, 0.37]
  Education (0 = lower, 1 = bachelor’s or higher) 0.08 (0.07) [-0.04, 0.20]

  Race (0 = minorities, 1 = NH white) 0.01 (0.07) [-0.10, 0.12]

Domain of Financial Hardship and CRP
  Material domain 0.22 (0.11) * [0.05, 0.40] 0.16 (0.10) [-0.00, 0.33] 0.03 (0.18) [-0.26, 0.33]

  Psychosocial domain -0.16 (0.11) [-0.34, 0.03] -0.12 (0.10) [-0.29, 0.05] -0.09 (0.12) [-0.28, 0.11]

  Behavioral domain 0.22 (0.11) * [0.05, 0.40] 0.16 (0.10) [-0.01, 0.32] 0.18 (0.10) † [0.01, 0.35]

  Age 0.25 (0.04) *** [0.18, 0.32] 0.23 (0.04) * [0.16, 0.29] 0.22 (0.04) *** [0.15, 0.28]
  Sex (0 = female, 1 = male) -0.12 (0.04) ** [-0.18, -0.06] -0.12 (0.03) *** [-0.17, -0.06] -0.12 (0.03) *** [-0.17, -0.07]
  Body mass index 0.39 (0.02) *** [0.36, 0.41] 0.38 (0.01) *** [0.36, 0.41]
  Education (0 = lower, 1 = bachelor’s or higher) -0.11 (0.06) † [-0.22, -0.00]

  Race (0 = minorities, 1 = NH white) -0.04 (0.06) [-0.13, 0.05]

Domain of Financial Hardship and Fibrinogen
  Material domain 0.30 (0.11) ** [0.13, 0.48] 0.20 (0.10) * [0.04, 0.37] 0.05 (0.18) [-0.24, 0.34]

  Psychosocial domain -0.17 (0.11) [-0.36, 0.02] -0.08 (0.10) [-0.24, 0.09] -0.03 (0.11) [-0.21, 0.16]

  Behavioral domain 0.17 (0.10) [-0.00, 0.33] -0.09 (0.10) [-0.07, 0.24] 0.11 (0.10) [-0.06, 0.27]

  Age 0.33 (0.04) *** [0.26, 0.39] 0.29 (0.04) *** [0.24, 0.35] 0.29 (0.04) *** [0.23, 0.35]
  Sex (0 = female, 1 = male) -0.14 (0.04) *** [-0.19, -0.08] -0.13 (0.03) *** [-0.19, -0.08] -0.13 (0.03) *** [-0.18, -0.08]
  Body mass index 0.31 (0.02) *** [0.29, 0.34] 0.31 (0.02) *** [0.28, 0.33]
  Education (0 = lower, 1 = bachelor’s or higher) -0.08 (0.07) [-0.19, 0.03]

  Race (0 = minorities, 1 = NH white) -0.10 (0.05) † [-0.19, -0.01]
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fully adjusted model (Est = 0.12, p < 0.01, 95%CI = [0.05, 
0.19]; Fig. 3).

Discussion
Systemic inflammation has been shown to indicate future 
disease risk for several chronic conditions, including 
cardiovascular disease [14], cancer [15], diabetes [16, 
17], and Alzheimer’s disease [18]. In addition, increas-
ing evidence suggests an inverse association between 
socioeconomic circumstances and inflammatory pro-
cesses. To further explicate socioeconomic correlates of 
systemic inflammation, this study investigated the asso-
ciation between material, psychological, and behavioral 
financial hardship indicators and inflammation mark-
ers among participants who completed the biomarker 
assessment in the MIDUS Refresher Study (2013–2016). 
We conceptualized financial hardship as a three-domain 
model including material, psychological, and behavio-
ral domains [24]. We tested the construct validity of this 

conceptualization by investigating whether the items 
measuring financial hardship in the MIDUS Refresher 
Study captured these three domains. Our findings from 
our measurement model revealed that the measures of 
financial hardship for the hypothesized three-domain 
model used in our study captured an overarching con-
struct of financial hardship. This indicates the general 
tendency for material, psychological, and behavioral 
dimensions of financial hardship to correlate. In addition, 
our results indicated that this multidimensional financial 
hardship was significantly associated with IL6, CRP, and 
fibrinogen.

Measurement of financial hardship
Many terms are used in the research literature to describe 
the financial hardship experience, and no agreed-upon 
definitions or measures exist. An organizing framework 
from cancer prevention and survivorship [24, 26] sug-
gests that the many terms used to measure financial 

Table 4  Findings from structural equation models on the association between the general latent factor of financial hardship and 
inflammation (N = 863)

MODEL 1 = adjusted for age, sex; MODEL 2 = adjusted for age, sex, and body mass index, MODEL 3 = adjusted for age, sex, body mass index, education, and race

95%CI = 95% confidence interval

† = p < .10

* = p < .05

** = p < .01

*** = p < .001

Predictor MODEL 1 MODEL 2 MODEL 3

Estimate (SE) 95%CI Estimate (SE) 95%CI Estimate (SE) 95%CI

General Financial Hardship and IL6
  Financial hardship 0.34 (0.04) *** [0.28, 0.40] 0.28 (0.04) *** [0.22, -0.34] 0.25 (0.05) *** [0.17, 0.32]
  Age 0.44 (0.03) *** [0.39, 0.50] 0.44 (0.03) *** [0.39, 0.48] 0.44 (0.03) *** [0.40, 0.49]
  Sex (0 = female, 1 = male) 0.01 (0.03) [-0.04, 0.07] 0.02 (0.03) [-0.02, 0.07] 0.03 (0.03) [-0.02, 0.08]

  Body mass index 0.35 (0.02) *** [0.32, 0.38] 0.34 (0.02) *** [0.31, 0.37]
  Education (0 = lower, 1 = bachelor’s or higher) -0.01 (0.04) [-0.07, 0.05]

  Race (0 = minorities, 1 = NH white) -0.09 (0.03) ** [-0.14, -0.04]
General Financial Hardship and CRP
  Financial hardship 0.24 (0.04) *** [0.17, 0.31] 0.17 (0.04) *** [0.10, 0.23] 0.11 (0.05) * [0.03, 0.19]
  Age 0.21 (0.04) *** [0.15, 0.27] 0.20 (0.03) *** [0.15, 0.25] 0.19 (0.03) *** [0.14, 0.25]
  Sex (0 = female, 1 = male) -0.14 (0.03) *** [-0.19, -0.08] -0.13 (0.03) *** [-0.18, -0.08] -0.13 (0.03) *** [-0.18, -0.08]
  Body mass index 0.40 (0.01) *** [0.38, 0.42] 0.39 (0.01) *** [0.27, 0.41]
  Education (0 = lower, 1 = bachelor’s or higher) -0.10 (0.04) ** [-0.15, -0.04]
  Race (0 = minorities, 1 = NH white) -0.04 (0.03) [-0.09, 0.01]

General Financial Hardship and Fibrinogen
  Financial hardship 0.24 (0.04) *** [0.18, 0.30] 0.18 (0.04) *** [0.12, 0.24] 0.12 (0.05) ** [0.05, 0.19]
  Age 0.29 (0.03) *** [0.23, 0.34] 0.28 (0.03) *** [0.23, 0.33] 0.28 (0.03) *** [0.23, 0.33]
  Sex (0 = female, 1 = male) -0.15 (0.03) *** [-0.20, -0.10] -0.14 (0.03) *** [-0.19, -0.09] -0.14 (0.03) *** [-0.19, -0.09]
  Body mass index 0.32 (0.01) *** [0.30, 0.34] 0.31 (0.01) *** [0.29, 0.34]
  Education (0 = lower, 1 = bachelor’s or higher) -0.07 (0.04) * [-0.14, -0.01]
  Race (0 = minorities, 1 = NH white) -0.10 (0.03) ** [-0.15, -0.05]
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hardship can be sorted into the material, psychological, 
and behavioral domains [49, 50]. We used that organ-
izing framework in the current study, and our results 
showed that the items used to measure financial hard-
ship in the MIDUS study could be sorted into those three 
domains to capture an overarching financial hardship 
construct. This is the first study, to our knowledge, that 
tests whether the three-domain model of financial hard-
ship from cancer prevention and survivorship research is 
a valid operationalization of the financial hardship expe-
rience. Our results support this operationalization of 
financial hardship as a three-domain (material, psycho-
logical, and behavioral) model. Considering the material-
psychological-behavioral framework of financial hardship 
is especially useful in health inequities research for multi-
ple reasons. First, pathways regarding barriers to preven-
tive behaviors caused by larger structural factors can be 
identified. For example, how residential segregation leads 
to resistance in health screening behavior can be further 
clarified by examining specific domains of financial bar-
riers (e.g., material vs. psychological). Second, includ-
ing concepts from each domain when studying financial 
hardship ensures that the particular socioeconomic envi-
ronment can be targeted in intervention efforts to reduce 
health inequities. Tucker-Seeley and Thorpe Jr. [24] pro-
vide an example of how this framework can be applied 
in works related to intervention to address cancer health 
inequities.

Socioeconomic circumstances and inflammation
Several studies have investigated the association between 
socioeconomic status and markers of inflammation [3, 9]. 
These studies have usually utilized traditional measures 
of socioeconomic status, such as educational attainment 
and household income, to operationalize socioeconomic 
circumstances. While most of these studies generally 
showed a statistically significant inverse association 
between socioeconomic status and levels of inflamma-
tion, the results have been equivocal depending on the 
indicator of SES, the marker of inflammation used, and 
the population studied. For example, in a study using data 
from the Multi-Ethnic Study of Atherosclerosis (MESA), 
a diverse cohort of adults 45–84 years of age in the US, 
Ranjit et al. (2007) showed that the association between 
CRP and education was only statistically significant 
among non-Hispanic white (NHW) and non-Hispanic 
black (NHB) respondents. Still, the association between 
income and CRP was statistically significant across all 
racial/ethnic groups (NWH, NHB, Hispanics, and Chi-
nese) [5]. Yet data from the Atherosclerosis Risk in Com-
munities (ARIC) study, a prospective study of men and 
women aged 45–64 at baseline from four US communi-
ties, found low educational attainment was statistically 
significantly associated with fibrinogen for white partici-
pants [9]. Results using data from the CARDIA study, a 
prospective study of white and black women and men 
aged 18–30  years recruited in the mid-1980s from four 

Fig. 1  The association between the general latent factor of financial hardship and IL6, adjusted for age, sex, BMI, education, and race (N = 863). 
Straight lines represent significant estimates. Estimates indicate standardized estimates with a 95% confidence interval. Circles represent latent 
variables, and squares represent observed variables
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communities in the US, found that CRP and IL6 levels 
were statistically significantly inversely associated with 
educational attainment in each race/gender group except 

black men [51]. Future studies should test the intersec-
tional impact of financial hardship and minoritized 
identity, especially race/ethnicity, on inflammation. This 

Fig. 2  The association between the general latent factor of financial hardship and CRP, adjusted for age, sex, BMI, education, and race (N = 863). 
Straight lines represent significant estimates. Estimates indicate standardized estimates with 95% confidence intervals. Circles represent latent 
variables, and squares represent observed variables

Fig. 3  The association between the general latent factor of financial hardship and CRP, adjusted for age, sex, BMI, education, and race (N = 863). 
Straight lines represent significant estimates. Estimates indicate standardized estimates with 95% confidence intervals. Circles represent latent 
variables, and squares represent observed variables
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approach will help to elucidate the complexity of how 
social and structural factors lead to socioeconomic and 
racial health disparities.

Financial hardship and inflammation
Few studies have investigated the association between 
financial hardship and markers of inflammation. Con-
sistent with the research using traditional measures 
of socioeconomic status, the results from these stud-
ies also differ depending on the marker of inflamma-
tion used and the population studied. For example, 
Sturgeon and colleagues found that financial stress 
(operationalized by experiencing negative financial 
events) was statistically significantly associated with 
IL6, mediated by psychological well-being in a study 
of middle-aged adults between the ages of 40 and 
65 years old in the Phoenix, AZ metro area [35]. How-
ever, Matthews et al. found that financial hardship was 
not statistically significantly associated with CRP or 
fibrinogen in a multi-site, community-based, prospec-
tive study of the menopause transition and aging [52].

Our results extend the research literature on the 
association between socioeconomic circumstances 
(including financial hardship) and inflammation in 
multiple ways. We showed that when examined sepa-
rately, the material domain of financial hardship was 
consistently associated with IL6, CRP, and fibrino-
gen. We showed that BMI, education, or race did not 
fully explain the link between the material domain 
and IL6. On the other hand, the association between 
the material domain and CRP was fully explained by 
BMI. These results corroborate previous findings 
from Friedman and colleagues [53] that showed the 
consistent association between material deprivation 
(in their case, lowest income quartile) and IL6. Fur-
thermore, they showed that the association between 
material deprivation and CRP was fully mediated by 
IL6, supporting the idea that IL6 stimulates the pro-
duction of CRP [53]. Given that adipocytes are one of 
the main sources of IL6 [53], it made sense that BMI 
fully explained the link between the material domain 
and CRP. While the material domain showed relative 
importance in discriminating inflammation markers, 
future studies should prioritize testing if these find-
ings replicated among racially and socioeconomically 
diverse samples and across different health outcomes 
(e.g., psychological well-being, major psychiatric dis-
orders, and major chronic health outcomes). We also 
demonstrated that when utilized as an overarching 
latent construct based on the material-psychological-
behavioral framework (i.e., the second-order meas-
urement model), financial hardship showed a better 
prediction of IL6 and CRP. Our results investigating 

the association between a general latent financial hard-
ship factor and multiple inflammation markers were 
robust as we included key sociodemographic, SES, 
and health-related covariates. Given the overwhelm-
ing representation of white participants from middle 
to higher levels of SES in the MIDUS study, replication 
among racially and socioeconomically diverse samples 
should be a priority for future research.

Limitations
There are no agreed-upon definitions or measures of 
financial hardship across research fields. The selection of 
measures of financial hardship in this study was based on 
the availability of pre-collected MIDUS data. While we 
could show the validity of these measures in this study, 
there are limitations to some of the items we used. For 
example, we included the household income to poverty 
line ratio (adjusted for household size) as one of the 
measures of the material domain of financial hardship. 
Some might argue that this is similar to the commonly 
used SES measure. Adjusting for the poverty line based 
on household size may be a better way to capture mate-
rial deprivation than just using raw measures of house-
hold income. However, future studies should focus on 
selecting a better measure of material deprivation, such 
as debt or net worth.

Similarly, we also included health insurance coverage as 
a proxy for medical care-related financial pressure. Better 
measures for this would be out-of-pocket expenses, debt, 
and decreased income due to medical care or treatment. 
Finally, items for the behavioral domain need to include a 
clear timeframe. Given that behavior may change across 
time, including time components (e.g., in the past month/
past year) to the items may increase the ability to gauge 
the behavioral aspect of experiencing financial hardship. 
We also emphasize that our results may not generalize to 
the US population. While the MIDUS biomarker assess-
ment sample is socio-demographically diverse, it is not 
nationally representative.

Conclusion
The current study illustrates that multiple financial 
hardship aspects correlate with inflammatory pro-
cesses. Further explicating factors in the socioeco-
nomic environment to include indicators of financial 
hardship can help researchers better understand the 
pathway between socioeconomic status and the inflam-
mation process. This analysis showed financial hard-
ship measures’ factor structure and validity that fit the 
material-psychological-material framework. Using the 
material-psychological-material framework, we also 
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showed that financial hardship was associated with 
inflammation markers. Future work should explore 
race, gender, and age-stratified models to determine if 
the associations hold across socio-demographic groups. 
More specifically, research is needed on measuring finan-
cial hardship across the life course to better understand 
the association between financial hardship and age as 
a biological and social construct. In addition, further 
exploration of the implications of the accumulation of 
financial hardship over time on biological mechanisms, 
such as inflammatory processes on health across the life 
course, is needed. Such research could highlight the sen-
sitive periods where financial hardship exerts its strong-
est influence on health across the life course.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​023-​16745-x.

Additional file 1. 

Acknowledgements
We would like to thank all the MIDUS participants for taking the time to par‑
ticipate in the study and share information about their lives.

Authors’ contributions
A.S. analyzed the data. A.S., R.T.S., and D.M.A drafted the manuscript.

Funding
Agus Surachman is currently supported by the Drexel FIRST (Faculty 
Institutional Recruitment for Sustainable Transformation) Program, 
National Institutes of Health Grant U54CA267735-02, and previously by 
the National Institute on Aging Grant T32AG049676 to The Pennsylvania 
State University. Reginald Tucker-Seeley was supported by USC’s Hanson-
Thorell Family Research Scholarship. Since 1995, the MIDUS study has been 
funded by the John D. and Catherine T. MacArthur Foundation Research 
Network, National Institute on Aging (P01-AG020166), and National 
Institute on Aging (U19-AG051426). Biomarker data collection was further 
supported by the NIH National Center for Advancing Translational Sci‑
ences (NCATS) Clinical and Translational Science Award (CTSA) program as 
follows: UL1TR001409 (Georgetown), UL1TR001881 (UCLA), UL1RR025011 
(UW-Madison).

Availability of data and materials
Availability of data and materials The MIDUS datasets used in this analysis are 
available on the Inter-university Consortium for Political and Social Research 
(ICPSR) website: https://​www.​icpsr.​umich.​edu/​web/​ICPSR/​series/​203.

Declarations

Ethics approval and consent to participate
Ethics approval and consent to participate Ethics approval was obtained from 
institutional review boards from each institution involved in the MIDUS study, 
including the University of Wisconsin-Madison, the University of California, Los 
Angeles, and George Washington University. Written informed consent was 
obtained from the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Epidemiology and Biostatistics, Dornsife School of Public 
Health, Drexel University, Philadelphia 19104, USA. 2 College of Nursing 
and Health Professions, Drexel University, Philadelphia 19104, USA. 3 ZERO 
– The End of Prostate Cancer, Alexandria, VA 22314, USA. 4 Department 
of Human Development and Family Studies, The Pennsylvania State University, 
University Park, PA 16802, USA. 5 Center for Healthy Aging, The Pennsylvania 
State University, University Park, PA 16802, USA. 

Received: 21 November 2022   Accepted: 12 September 2023

References
	1.	 Lantz PM, House JS, Lepkowski JM, Williams DR, Mero RP, Chen J. 

Socioeconomic factors, health behaviors, and mortality: results from 
a nationally representative prospective study of US adults. JAMA. 
1998;279(21):1703–8.

	2.	 Palmer RC, Ismond D, Rodriquez EJ, Kaufman JS: Social determinants 
of health: future directions for health disparities research. In., vol. 109: 
American Public Health Association; 2019: S70-S71.

	3.	 Koster A, Bosma H, Penninx BWJH, Newman AB, Harris TB, Van Eijk JTM, 
Kempen GIJM, Simonsick EM, Johnson KC, Rooks RN. Association of 
inflammatory markers with socioeconomic status. J Gerontol A Biol Sci 
Med Sci. 2006;61(3):284–90.

	4.	 Nazmi A, Victora CG. Socioeconomic and racial/ethnic differentials of 
C-reactive protein levels: a systematic review of population-based stud‑
ies. BMC Public Health. 2007;7(1):1–12.

	5.	 Ranjit N, Diez-Roux AV, Shea S, Cushman M, Ni H, Seeman T. Socioeco‑
nomic position, race/ethnicity, and inflammation in the multi-ethnic 
study of atherosclerosis. Circulation. 2007;116(21):2383–90.

	6.	 Jousilahti P, Salomaa V, Rasi V, Vahtera E, Palosuo T. Association of mark‑
ers of systemic inflammation, C reactive protein, serum amyloid A, and 
fibrinogen, with socioeconomic status. J Epidemiol Community Health. 
2003;57(9):730–3.

	7.	 Stringhini S, Batty GD, Bovet P, Shipley MJ, Marmot MG, Kumari M, Tabak 
AG, Kivimäki M. Association of lifecourse socioeconomic status with 
chronic inflammation and type 2 diabetes risk: the Whitehall II prospec‑
tive cohort study. PLoS Med. 2013;10(7):e1001479.

	8.	 Loucks EB, Pilote L, Lynch JW, Richard H, Almeida ND, Benjamin EJ, 
Murabito JM. Life course socioeconomic position is associated with 
inflammatory markers: the Framingham Offspring Study. Soc Sci Med. 
2010;71(1):187–95.

	9.	 Pollitt RA, Kaufman JS, Rose KM, Diez-Roux AV, Zeng D, Heiss G. Cumula‑
tive life course and adult socioeconomic status and markers of inflamma‑
tion in adulthood. J Epidemiol Community Health. 2008;62(6):484–91.

	10.	 Stepanikova I, Bateman LB, Oates GR. Systemic inflammation in midlife: 
race, socioeconomic status, and perceived discrimination. Am J Prev Med. 
2017;52(1):S63–76.

	11.	 Bandeen-Roche K, Walston JD, Huang Y, Semba RD, Ferrucci L. Measuring 
systemic inflammatory regulation in older adults: evidence and utility. 
Rejuvenation Res. 2009;12(6):403–10.

	12.	 Hänsel A, Hong S, Cámara RJA, Von Kaenel R. Inflammation as a psy‑
chophysiological biomarker in chronic psychosocial stress. Neurosci 
Biobehav Rev. 2010;35(1):115–21.

	13.	 Singh T, Newman AB. Inflammatory markers in population studies of 
aging. Ageing Res Rev. 2011;10(3):319–29.

	14.	 Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon Iii RO, Criqui 
M, Fadl YY, Fortmann SP, Hong Y, Myers GL: Markers of inflammation and 
cardiovascular disease: application to clinical and public health practice: 
a statement for healthcare professionals from the Centers for Disease 
Control and Prevention and the American Heart Association. circulation 
2003, 107(3):499-511.

	15.	 Shiels MS, Pfeiffer RM, Hildesheim A, Engels EA, Kemp TJ, Park J-H, 
Katki HA, Koshiol J, Shelton G, Caporaso NE. Circulating inflamma‑
tion markers and prospective risk for lung cancer. J Natl Cancer Inst. 
2013;105(24):1871–80.

	16.	 Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between 
insulin resistance, obesity and diabetes. Trends Immunol. 2004;25(1):4–7.

https://doi.org/10.1186/s12889-023-16745-x
https://doi.org/10.1186/s12889-023-16745-x
https://www.icpsr.umich.edu/web/ICPSR/series/203


Page 15 of 15Surachman et al. BMC Public Health         (2023) 23:1845 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	17.	 Schmidt MI, Duncan BB, Sharrett AR, Lindberg G, Savage PJ, Offenbacher 
S, Azambuja MI, Tracy RP, Heiss G. investigators A: Markers of inflamma‑
tion and prediction of diabetes mellitus in adults (Atherosclerosis Risk in 
Communities study): a cohort study. Lancet. 1999;353(9165):1649–52.

	18.	 Tuppo EE, Arias HR. The role of inflammation in Alzheimer’s disease. Int J 
Biochem Cell Biol. 2005;37(2):289–305.

	19.	 Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS, Metzler M, 
Posner S. Socioeconomic status in health research: one size does not fit 
all. JAMA. 2005;294(22):2879–88.

	20.	 Oakes JM, Rossi PH. The measurement of SES in health research: current 
practice and steps toward a new approach. Soc Sci Med. 2003;56(4):769–84.

	21.	 Duncan GJ, Daly MC, McDonough P, Williams DR. Optimal indica‑
tors of socioeconomic status for health research. Am J Public Health. 
2002;92(7):1151–7.

	22.	 Lynch J, Kaplan G: Socioeconomic position, vol. Social epidemiology. 
New York: Oxford University Press; 2000. p. 2000.

	23.	 Tucker-Seeley RD, Marshall G, Yang F. Hardship among older adults in 
the HRS: Exploring measurement differences across socio-demographic 
characteristics. Race Soc Probl. 2016;8(3):222–30.

	24.	 Tucker-Seeley RD, Thorpe RJ Jr. Material–psychosocial–behavioral aspects 
of financial hardship: a conceptual model for cancer prevention. Geron‑
tologist. 2019;59(Supplement_1):S88–93.

	25.	 Altice CK, Banegas MP, Tucker-Seeley RD, Yabroff KR: Financial hardships 
experienced by cancer survivors: a systematic review. JNCI: Journal of the 
National Cancer Institute 2017, 109(2).

	26.	 Tucker-Seeley RD, Yabroff KR: Minimizing the “financial toxicity” associated 
with cancer care: advancing the research agenda. JNCI: Journal of the 
National Cancer Institute 2016, 108(5).

	27.	 Kawachi I, Subramanian SV, Almeida-Filho N. A glossary for health 
inequalities. J Epidemiol Community Health. 2002;56(9):647–52.

	28.	 Mani A, Mullainathan S, Shafir E, Zhao J. Poverty impedes cognitive func‑
tion. science. 2013;341(6149):976–80.

	29.	 Hobfoll SE. Conservation of resources: a new attempt at conceptualizing 
stress. Am Psychol. 1989;44(3):513.

	30.	 Tibbetts RH, Lutter SB. Associations of health and financial resources with 
stress: Applying the theory of conservation of resources. J Financ Couns 
Plan. 2018;29(1):60–7.

	31.	 Adamson JA, Ebrahim S, Hunt K. The psychosocial versus material 
hypothesis to explain observed inequality in disability among older 
adults: data from the West of Scotland Twenty-07 Study. J Epidemiol 
Community Health. 2006;60(11):974–80.

	32.	 Khang Y-H, Lynch JW, Yang S, Harper S, Yun S-C, Jung-Choi K, Kim HR. The 
contribution of material, psychosocial, and behavioral factors in explain‑
ing educational and occupational mortality inequalities in a nationally 
representative sample of South Koreans: relative and absolute perspec‑
tives. Soc Sci Med. 2009;68(5):858–66.

	33.	 Moor I, Spallek J, Richter M. Explaining socioeconomic inequalities in self-
rated health: a systematic review of the relative contribution of material, 
psychosocial and behavioural factors. J Epidemiol Community Health. 
2017;71(6):565–75.

	34.	 Ranjit N, Young EA, Kaplan GA. Material hardship alters the diurnal rhythm 
of salivary cortisol. Int J Epidemiol. 2005;34(5):1138–43.

	35.	 Sturgeon JA, Arewasikporn A, Okun MA, Davis MC, Ong AD, Zautra AJ. 
The psychosocial context of financial stress: Implications for inflammation 
and psychological health. Psychosom Med. 2016;78(2):134.

	36.	 Brim OG, Ryff CD, Kessler RC: The MIDUS national survey: An overview. 
How healthy are we 2004:1-36.

	37.	 Radler BT, Ryff CD. Who participates? Accounting for longitudinal 
retention in the MIDUS national study of health and well-being. J Aging 
Health. 2010;22(3):307–31.

	38.	 Surachman A, Wardecker B, Chow S-M, Almeida D. Life course socioeco‑
nomic status, daily stressors, and daily well-being: Examining chain of risk 
models. J Gerontol Ser B. 2019;74(1):126–35.

	39.	 Kirsch JA, Ryff CD. Hardships of the Great Recession and health: 
Understanding varieties of vulnerability. Health Psychology Open. 
2016;3(1):2055102916652390.

	40.	 Borie-Holtz D, Van Horn C, Zukin C. No end in sight: The agony of pro‑
longed unemployment. New Brunswick, NJ: John J Heldrich Center for 
Workforce Development, Rutgers University; 2010.

	41.	 Leedahl SN, Chapin RK, Little TD. Multilevel examination of facility char‑
acteristics, social integration, and health for older adults living in nursing 
homes. J Gerontol B Psychol Sci Soc Sci. 2015;70(1):111–22.

	42.	 Cousineau D, Chartier S. Outliers detection and treatment: a review. Int J 
Psychol Res. 2010;3(1):58–67.

	43.	 Bollen KA, Noble MD: Structural equation models and the quantification 
of behavior. Proceedings of the National Academy of Sciences 2011, 
108(supplement_3):15639–15646.

	44.	 Byrne BM: Structural equation modeling with Mplus: Basic concepts, 
applications, and programming: routledge; 2013.

	45.	 Muthén LK: Mplus Users Guide (Version 8) Muthén & Muthén. Los Ange‑
les, CA, USA 2017.

	46.	 Sass DA, Schmitt TA. A comparative investigation of rotation criteria 
within exploratory factor analysis. Multivar Behav Res. 2010;45(1):73–103.

	47.	 Howard MC. A review of exploratory factor analysis decisions and over‑
view of current practices: What we are doing and how can we improve? 
Int J Human-Computer Interact. 2016;32(1):51–62.

	48.	 Satorra A, Bentler PM. Ensuring Positiveness of the Scaled Difference Chi-
square Test Statistic. Psychometrika. 2010;75(2):243–8.

	49.	 Rogers E, Palacios J, Vargas E, Wysota C, Rosen M, Kyanko K, Elbel BD, 
Sherman S. Financial hardship, motivation to quit and post-quit spending 
plans among low-income smokers enrolled in a smoking cessation trial. 
Subs Abuse. 2019;13:1178221819878765.

	50.	 Yabroff KR, Zhao J, Han X, Zheng Z. Prevalence and correlates of medical 
financial hardship in the USA. J Gen Intern Med. 2019;34(8):1494–502.

	51.	 Gruenewald TL, Cohen S, Matthews KA, Tracy R, Seeman TE. Association 
of socioeconomic status with inflammation markers in black and white 
men and women in the Coronary Artery Risk Development in Young 
Adults (CARDIA) study. Soc Sci Med. 2009;69(3):451–9.

	52.	 Matthews KA, Chang Y, Bromberger JT, Karvonen-Gutierrez CA, Kravitz 
HM, Thurston RC, Montez JK. Childhood socioeconomic circumstances, 
inflammation, and hemostasis among midlife women: Study of Women’s 
Health across the Nation (SWAN). Psychosom Med. 2016;78(3):311.

	53.	 Friedman EM, Herd P. Income, education, and inflammation: differential 
associations in a national probability sample (The MIDUS study). Psycho‑
som Med. 2010;72(3):290.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The association between material-psychological-behavioral framework of financial hardship and markers of inflammation: a cross-sectional study of the Midlife in the United States (MIDUS) Refresher cohort
	Background 
	Methods 
	Results 
	Conclusion 
	Background
	Methods
	Data and participants
	Analytic sample
	EFA sample (N = 2,243)
	CFA sample (N = 863)


	Measures
	Financial hardship
	Material domain
	Psychological domain
	Behavioral domain

	Inflammation markers
	Covariates
	Analysis
	Step 1: Exploratory Factor Analysis (EFA)
	Step 2: Confirmatory Factor Analysis (CFA)
	Step 3: testing the association between financial hardship and inflammation

	Results
	Descriptive statistics
	Exploratory Factor Analysis (EFA)
	Confirmatory Factor Analysis (CFA)
	Financial hardship and inflammation
	Domains of financial hardship and inflammation
	Domains of financial hardship and IL6
	Domains of financial hardship and CRP 
	Domains of Financial Hardship and Fibrinogen 


	General latent factor of financial hardship and inflammation
	General financial hardship and IL6
	General financial hardship and CRP
	General financial hardship and fibrinogen

	Discussion
	Measurement of financial hardship
	Socioeconomic circumstances and inflammation
	Financial hardship and inflammation
	Limitations

	Conclusion
	Anchor 42
	Acknowledgements
	References


