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ABSTRACT
The goal of this study was to investigate whether HLOC med
iates the relationship between educational attainment and 
inflammatory proteins in cancer survivors. Data are from 298 
cancer survivors (87.54% white; M age = 63.6; M survivorships  
= 15 years) who participated in the Biomarker protocol of Wave 
2 and Refresher phases of the Midlife in the United States 
(MIDUS) study. Educational attainment was dichotomized 
(bachelor’s degree or above versus lower). The two measures 
of HLOC were based on whether participants felt others had 
control over their health outcomes (external HLOC) or if they 
felt they were in control of their health outcomes (internal 
HLOC). We used C-reactive protein (CRP) and interleukin-6 (IL- 
6) as markers of inflammation. Mediation analyses for external 
and internal HLOC were tested separately. Mediation analyses 
were conducted using the PROCESS package in R (using 10 000 
bootstrapped samples). Analyses were adjusted for age, sex, 
cohort, body mass index (BMI), smoking status, and race/eth
nicity. In the fully adjusted model, educational attainment and 
external HLOC were significantly associated with CRP. Relative 
to those with bachelor’s degrees, participants with lower edu
cational attainment had elevated CRP (b = -0.25, SE = 0.11, 95% 
CI = [−0.47, −0.03]). Higher external HLOC was linked to 
increased CRP (b = 0.10, SE = 0.04, 95% CI = [0.01, 0.18]). The 
mediation analyses showed that a higher external HLOC was 
a significant path through which lower educational attainment 
was associated with elevated CRP (indirect effect = -0.05, boot
strapped SE = 0.02, 95% CI [bootstrapped] = [−0.10, −0.01]. 
Cancer survivors with lower educational attainment may tend 
to perceive that their health is outside of their control. These 
socioeconomic and psychosocial processes may drive an 
increase in the circulating levels of inflammatory signaling 
proteins known to be sensitive predictors of age-related 
chronic diseases.
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Background

Persistent health inequities based on socioeconomic status (SES) are a major public 
health concern in the United States and many other countries (Adler et al., 1994; 
Braveman et al., 2010). SES, or a group of valued resources, both material and social 
(income, educational attainment, social status), is a fundamental contributor to health 
and disease as higher SES is positively associated with the ability to avoid health risks 
more optimally and to minimize the adverse course following disease (Phelan et al.,  
2010). Differences in SES create disparities in health through biological, social, and 
psychological pathways (Matthews et al., 2010). Lower SES is often associated with 
a higher exposure to chronic stressors (e.g. chronic financial strain, chronic community 
pressures, and/or chronic environmental stressors) and less access to medical care and 
psychosocial resources (e.g. fewer social supports and less social capital). These factors 
contribute to physiological wear and tear and accelerated aging. Dysregulation of inflam
matory physiology and weakened immune function is a major consequence of the 
physiological wear-and-tear associated with lower SES, more frequent exposure to 
stressors, and limited psychosocial resources. Collectively, they contribute to the devel
opment of age-related chronic diseases and premature mortality (Chiang et al., 2019; 
Mainous et al., 2024; Yegorov et al., 2020).

Educational attainment is one of the most important and widely used indicators of 
SES in health inequities research (Krieger et al., 1997). Educational attainment-related 
disparities in age-related morbidity and premature mortality are well documented (Balaj 
et al., 2024; Smith et al., 2015). Individuals with lower educational attainment tend to 
experience more exposure to chronic stressors and less access to psychosocial resources 
(Matthews et al., 2010). Further, research has documented robust evidence on the link 
between lower educational attainment and dysregulation of inflammatory physiology 
and weakened immune function due to physiological wear-and-tear associated with 
frequent exposure to stressors and limited psychosocial resources. In a recent meta- 
analysis, lower education was associated with elevated levels of inflammatory markers of 
disease risk (Muscatell et al., 2020). Thus, dysregulation in systemic inflammation is 
a critical biological pathway that can link lower educational attainment to morbidity and 
mortality.

Biopsychosocial factors of health disparities associated with educational 
attainment among cancer survivors

While the biopsychosocial factors associated with educational disparities in health have 
been extensively investigated among the general population, less is known regarding the 
importance of these biological and psychological factors of socioeconomic disparities on 
the health of cancer survivors. Relative to those with higher educational attainment, 
cancer survivors with lower educational backgrounds are more likely to have an impaired 
health-related quality of life (Mielck et al., 2014), greater risk for cardiovascular disease 
(Satti et al., 2023), and shorter duration of survivorship (Coughlin, 2019).

Cancer is typically a disease that increases with age with more than three-quarters of 
cancer survivors being 60 years and older (Tonorezos et al., 2024). Nevertheless, 
improvements in cancer treatments have led to a growing number of long-term cancer 
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survivors (Bluethmann et al., 2016). But cancer and cancer treatments accelerate biolo
gical aging among cancer survivors (Wang et al., 2021), reduce overall physiological 
integrity, and precipitate the risk for other chronic health conditions (Elliott et al., 2011), 
including diabetes, cardiovascular disease, and Alzheimer’s disease and related dementias 
(ADRD) – known as secondary chronic conditions (Ording et al., 2020; Ragni et al.,  
2021). These secondary chronic conditions among cancer survivors can lead to 
a compromised functional capability, a lower quality of life, and foreshortened health
span and lifespan. Cancer survivors from lower educational backgrounds are at greater 
risk of developing secondary chronic co-morbid conditions (Ogle et al., 2000).

Low-grade chronic inflammation, an indicator of inflammatory physiology and wea
kened immune function, has been utilized as a bioindicator of accelerated aging among 
cancer survivors (Teissier et al., 2022). Chronic low-grade inflammation among cancer 
survivors is associated with an elevated risk of various age-related diseases, as noted 
above, including cardiovascular disease, metabolic dysregulation, and progressive cog
nitive decline (Carroll et al., 2023; Koene et al., 2016; Pati et al., 2023). Emerging evidence 
has shown that lower SES among cancer survivors, including lower educational attain
ment, significantly contributes to elevated inflammation (Blaes et al., 2023; Pageot et al.,  
2022). Thus, cancer survivors from lower educational backgrounds are more likely to 
experience accelerated aging and age-related chronic diseases.

Little is known about how psychosocial factors contribute to the association between 
lower SES and elevated inflammation among cancer survivors. An emerging body of 
research involving the general population has examined the role of perceived control or 
locus of control as an important psychosocial resource that may mediate this association. 
Lower SES, including lower educational attainment, is generally associated with a lower 
internal locus of control and a higher external locus of control (Zahodne et al., 2019). 
Sociological perspective on SES and locus of control posits that formal education is an 
important social context where a sense of control is developed (Mirowsky & Ross, 2007; 
Shieman & Plickert, 2008). Studies have documented that locus of control is higher with 
the addition of schooling (Mirowsky & Ross, 2007; Shieman & Plickert, 2008). On the 
other hand, lower educational attainment is associated with the lack of internal control 
and the belief that external factors have a stronger control in life outcomes (Mitchell 
et al., 2018). The lack of internal control and higher perception of external constraints 
may be an important psychosocial mechanism of how lower educational attainment 
contributes to worse health. External factors may play a more substantial role in health 
because they can be the individual-level manifestation of social and structural factors of 
health and well-being throughout the life course (e.g. higher levels of discrimination) 
(Zahodne et al., 2019). Further, emerging evidence shows that locus of control, especially 
higher external locus of control, is associated with elevated inflammation (Magin et al.,  
2024; Zahodne et al., 2019). How the locus of control contributes to the association 
between lower educational attainment and inflammation among cancer survivors is not 
known.

There is evidence that psychosocial factors play a critical mediating role in the 
eductaion-health relationship (Matthews et al., 2010), and that a lower sense of 
control is an essential psychosocial factor associated with both low educational 
attainment (Zahodne et al., 2019) and elevated inflammatory activity (Poortinga 
et al., 2008; Zahodne et al., 2019). One study has shown that perceived control 
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mediates the effects of lower SES, including lower educational attainment, and 
chronic stress (Mooney et al., 2018). Therefore, locus of control may be an important 
psychosocial factor that mediates the link between lower educational attainment and 
elevated inflammation.

Specifically, health locus of control (HLOC) is an important point of investiga
tion because it measures how many individuals perceive control over their health 
outcomes, and it is a strong predictor of individuals’ health behaviors (Lindström 
et al., 2022). Similar to the general perceived control, health locus of control also 
includes both internal (e.g. belief that one’s behavior is linked to health) and 
external domains (e.g. one’s doctor and access to medical care) (Wallston, 2020). 
Previous studies have documented the role of educational attainment in shaping 
HLOC, in which lower educational attainment is generally associated with lower 
internal HLOC and higher external HLOC (Grotz et al., 2011; Jacobs-Lawson et al.,  
2011). The HLOC of cancer patients and survivors is likely to change dynamically 
throughout the cancer experience (Li et al., 2023). One study among breast cancer 
patients found elevated internal HLOC at earlier stages of cancer diagnosis (I and 
II), and higher external HLOC at later stages (III and IV) of diagnosis (Rehman,  
2022). However, there is a lack of empirical evidence on the significant associations 
between health locus of control and inflammation, either in the general population 
or among cancer survivors. Previous studies though have documented a significant 
association between HLOC and other biological indicators of chronic diseases, with 
robust evidence of socioeconomic disparities, including markers of insulin resis
tance (Eriksson et al., 2023) and allostatic load (Zilioli et al., 2015). Thus, we 
hypothesized that HLOC will be an important psychosocial factor for inflammation, 
especially among cancer survivors. Furthermore, HLOC would be an important 
psychosocial pathway through which lower educational attainment would be asso
ciated with elevated inflammation.

The current study

In summary, psychosocial factors, including health locus of control, may play a significant 
role in mediating the socioeconomic disparities in health among cancer survivors. This 
study examined the association among educational attainment, internal and external health 
locus of control, and the circulating levels of two inflammatory proteins among cancer 
survivors. We hypothesized that health locus of control would mediate the association 
between lower educational attainment and elevated inflammatory activity among cancer 
survivors. This analysis specifically tested the following hypotheses:

H1: Lower educational attainment is associated with elevated levels of CRP and IL-6.

H2: Lower internal HLOC and higher external HLOC are associated with elevated 
inflammatory activity

H3: Lower internal HLOC and higher external HLOC mediate the association between 
lower educational attainment and elevated levels of inflammatory proteins in 
circulation.
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Methods

Data and participants

Data for these analyses are from the Midlife in the United States (MIDUS) study, 
a national cohort study on the health and well-being of middle-aged and older 
American adults. Extensive descriptions of the study are provided elsewhere (Barry,  
2014; Brim et al., 2005). Here, we provided important details of the MIDUS study 
relevant to the current analysis. The MIDUS study started in 1995–1996 (MIDUS 1), 
where 7,108 adults (ages 25 to 74) from across the contiguous U.S.A. were recruited 
through random digit dialing and completed baseline interviews over the phone and 
self-administered questionnaires (SAQs). A decade later, 4,963 participants completed 
the first longitudinal follow-up (MIDUS 2; 2004–2006). To increase racial diversity 
among the study participants, the MIDUS 2 study recruited an oversample that 
included mostly Black adults (N = 592, ~94% Black) from Milwaukee County, 
Wisconsin, as part of the MIDUS 2 Milwaukee study (2005–2006). Also introduced 
during the MIDUS 2 was biospecimen collection, known as the MIDUS 2 Biomarker 
project (from 2004–2009). Of all the MIDUS 2 participants, 1,255 completed the 
MIDUS 2 Biomarker protocol.

In 2012–2016, a new national sample (N = 3,577), matching the sociodemo
graphic characteristics of participants in MIDUS 1, was recruited to be part of the 
MIDUS Refresher study (MIDUS R). The main goal of the new phase was to 
replenish the number of younger participants to correspond to the original 
MIDUS sample as well as to investigate the impact of the economic recession in 
2007–2008 on the health and well-being of American adults. MIDUS R also 
included an oversampling of Black adults (~91% Black) recruited from Milwaukee 
County, Wisconsin, known as the MIDUS R Milwaukee (N = 508; 2011–2013). 
Finally, the MIDUS R study also included biological specimen collection similar 
to the prior Biomarker protocol. A subset of the MIDUS R national participants and 
the Milwaukee oversample completed the MIDUS R Biomarker study (N = 863; 
2012–2016).

Biomarker assessment protocol

In both MIDUS 2 and MIDUS R Biomarker Projects, participants stayed overnight at 
a clinical research unit (CRU). Participants attended the CRU site that imposed the 
least travel burden on one of three CRUs in Madison, WI, Washington, DC, or Los 
Angeles, CA. Fasted blood samples were collected on the morning of the second day 
at the facility to determine inflammation biomarkers. Blood samples were collected by 
trained phlebotomists and spun in refrigerated centrifuges. Frozen sera were stored in 
ultracold freezers until analyzed using standardized procedures. During the MIDUS 2 
and MIDUS R Biomarker studies, participants were also asked if they had ever been 
diagnosed with cancer. Out of 2,118 participants, 298 reported that they had a cancer 
diagnosis (i.e. cancer survivors). A similar question was asked as part of the MIDUS 
baseline survey, with additional questions regarding age at diagnosis and type of 
cancer (208 participants provided this information).
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Analytic sample

The current analyses utilized data from 301 cancer survivors who completed the 
survey and the biomarker study protocol in MIDUS 2 and MIDUS R. Among the 
participants who provided information regarding cancer types (n = 207), they include 
(Table 1): skin (n = 70), breast (37), and prostate (21), cervical (17), uterine (11), 
colon (8), lymphoma/leukemia (5), lung (4), ovarian (3), and others (45). Among 

Table 1. Descriptive statistics of demographic, socioeconomic, and health-related factors among 
cancer survivors in this study (N = 301).

Variables Missing n (%) M (SD) Range

Demographic Covariates
Age 63.12 (10.76) 33–86
Female 0 171 (56.80)
NH White 0 260 (86.40)
Minoritized 0 41 (13.40)

Black 24 (7.84)
Native American/Alaska Native 4 (1.31)
Hispanic 9 (2.94)
Others 4 (1.31)

MIDUS 2 0 181 (60.1)
Socioeconomic Status

Highest educational attainment 
(bachelor’s degree or above)

0 164 (54.50)

Health Locus of Control (HLOC)
Internal HLOC 0 6.18 (0.69) 2.5–7
External HLOC 0 3.05 (1.28) 1–7

Cancer-Related Variables 94
Cancer type

Breast 37 (12.29)
Cervical 17 (5.65)
Colon 8 (2.66)
Lung 4 (1.33)
Lymphoma/leukemia 5 (1.66)
Ovarian 3 (1.00)
Prostate 21 (6.98)
Skin 70 (23.3)
Uterine 11 (3.65)
Others 45 (14.95)
Reported multiple cancer 11 (3.65)

Years of survivorship 96 14.58 (10.59) 2–55
Long-term survivors (≥5 years) 96 170 (82.9)

Health-Related Variables
Ever smoked 0 144 (47.80)
Mean BMI (kg/m2) 0 29.51 (6.15) 17.95–63.19

< 25 kg/m2 74 (24.60)
25- < 30 kg/m2 96 (31.90)
≥30 kg/m2 131 (43.50)

Taking medication and/or had treatment 0 270 (89.70)
Taking prescription medication 0 267 (88.70)
Ever had chemotherapy 59 32 (10.60)
Ever had immunosuppressive therapy 59 4 (1.30)

Number of symptoms and chronic conditions 0 5.89 (3.14) 1–23
Inflammation

Prior to transformation (winsorized)
IL-6 (pg/mL) 0 3.16 (2.27) 0.34–10.00
CRP (mg/L) 0 2.59 (2.67) 0.15–10.00

Ln transformed
IL-6 (ln; pg/mL) 0 0.91 (0.71) −1.07–2.30
CRP (ln; mg/L) 0 0.45 (1.03) −1.89–2.30
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those reported cancer types, 11 mentioned multiple types of cancer diagnosis. The 
mean years of cancer survivorship (based on age during the MIDUS Biomarker 
protocol minus the reported age when cancer was diagnosed) was 14.58 years (ranges  
= 2–55 years).

Measures

Educational attainment
Socioeconomic status (SES) was measured using participants’ highest level of formal 
education (0 = no bachelor’s degree, 1 = bachelor’s degree or higher).

Health locus of control
The measure for health locus of control (HLOC) in the MIDUS study was adapted from 
the Whitehall Health Survey (Marmot et al., 1991) that includes internal and external 
HLOC. Internal health locus was measured using four items on a 7-point Likert scale (1  
= strongly agree to 7 = strongly disagree), and participants were asked to indicate that 
they agreed or disagreed with the following statements (four items, α = .71): 1) Keeping 
healthy depends on things that I can do; 2) there are certain things I can do for myself to 
reduce the risk of a heart attack; 3) there are certain things I can do for myself to reduce 
the risk of getting cancer; 4) I work hard at trying to stay healthy. External health locus of 
control was measured using two items indicating how much one feels others impact their 
health using the same 7-point Likert scale. Participants responded to the following 
statements (two items, α = .30): 1) When I am sick, getting better is in the doctor’s 
hands; and 2) It is difficult for me to get good medical care. Items were reverse-coded, 
and mean scores were calculated for internal and external HLOC. Internal and external 
HLOC were computed for cases with valid values for at least one item. A higher score 
indicates a stronger sense of internal or external HLOC. This HLOC measure has been 
used in previous studies on health disparities (Bobak et al., 2000, Grzywacz & Marks,  
2000; Lachman & Weaver, 1998), including analyses that utilized biological indicators of 
chronic diseases as outcomes (Fitzgerald & Papp, 2024; Zilioli et al., 2015). The bivariate 
correlation between internal and external HLOCs was low (r = 0.01, p > 0.5), indicating 
low overlap between the two scales.

Inflammatory activity
We included two inflammatory biomarkers, interleukin-6 (IL-6) and C-reactive protein 
(CRP). Serum IL-6 was analyzed using enzyme-linked immunosorbent assay (R&D 
ELISA, Minneapolis, MN) by the BioCore Lab at the University of Wisconsin. The 
assay range was 1.58–488 pg/mL, intra-assay coefficient of variabilities (CVs) were 
3.25% (in MIDUS 2) and 4.73% (in MIDUS R), and the inter-assay CVs were 5–15% 
(in both MIDUS 2 and MIDUS R). Serum CRP was measured using a particle-enhanced 
immunonephelometric assay (BNII nephelometer, Dade Behring Inc., Deerfield, IL) at 
the Laboratory of Clinical Biochemistry (University of Vermont). The assay range was 
0.014–216 ug/mL, intra-assay CVs were 2.2–4.1% (both in MIDUS 2 and MIDUS R), and 
inter-assay CVs were 4.72–5.16% (both in MIDUS 2 and MIDUS R). Following the 
recommendation from MacGiollabhui et al. (2020), IL-6 and CRP values were winsorized 
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at 10 (pg/mL for IL-6 and mg/L for CRP) to handle outliers. Log-transformed values were 
used for both IL-6 and CRP to normalize the distribution and reduce skewness.

Covariates
Analyses were adjusted for age (years), sex (0 = female, 1 = male), cohort (0 = MIDUS R, 
1 = MIDUS 2), race/ethnicity (0 = nonwhite, 1 = white), BMI (weight kg/height m2), and 
smoking status (0 = never smoked, 1 = have smoked), taking Rx and ever had chemother
apy or immunosuppressive therapy (0 = No, 1 = Yes), and number of symptoms and 
chronic conditions. The number of symptoms and chronic conditions was based on the 
report of 22 chronic conditions and symptoms (e.g. high blood pressure, diabetes, 
asthma, depression, and alcoholism).

Statistical analysis

Our analyses were divided into two parts. Prior to testing the mediational 
hypotheses, we examined whether educational attainment and (internal and exter
nal) HLOC were associated with the two inflammatory proteins using regression 
analysis. The second part of the analysis examined the mediational role of internal 
and external HLOC on the association between educational attainment and mar
kers of inflammation. All analyses were conducted in R, and a significant associa
tion was based on an alpha lower than .05.

Regression analysis
Regression analyses were conducted to determine if there were associations among 
educational attainment, internal and external HLOC, and markers of inflamma
tion. The association between predictors (i.e. educational attainment and HLOC) 
and CRP and IL-6 was tested in separate models. For each marker of inflamma
tion, first, we added educational attainment as the main predictor in the model, 
adjusted for age, sex, and cohort (MODEL 1). HLOC and race/ethnicity were then 
added to the model as additional predictors (MODEL 2). In the fully adjusted 
regression models, BMI, smoking status, taking Rx and ever had chemotherapy or 
immunosuppressive therapy, and number of symptoms and chronic conditions 
were added as additional covariates. Regression analyses were conducted using lm 
function in R.

Mediation analysis
Formal mediation analyses were conducted to determine if internal and external 
HLOC measures mediated the relationship between educational attainment and 
inflammation. Mediation analyses for CRP and IL6 were conducted separately. 
Mediation analyses were conducted with the PROCESS package in R and used 10 
000 bootstrapped samples (Hayes & Rockwood, 2017). Mediation analyses were 
adjusted for all covariates.

Missing data
Missing data were minimal in the dataset and handled using listwise deletion during the 
regression analyses.
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Results

Descriptive statistics

Table 1 displays the descriptive statistics for participants’ demographic characteristics, 
educational attainment, internal and external health locus of control, markers of inflam
mation, and other health-related variables. The average age of participants during the 
survey was 63.12 years (SD = 10.76). Among the participants, 56.80% were female, 
86.40% were non-Hispanic (NH) white, and 54.50% have a bachelor’s degree or higher. 
The mean internal HLOC score was 6.18 (SD = 0.69), and the mean external HLOC score 
was 3.05 (SD = 1.28). After natural log adjustments, the mean level of IL-6 was 0.91 (SD =  
0.71) and CRP was 0.45 (SD = 1.03).

Results from regression analyses

Educational attainment, internal HLOC, and IL-6
The results from regression analysis among educational attainment, internal HLOC, and 
IL-6 are presented in Table 2. Adjusted for age, sex, and cohort (MODEL 1), having 
a bachelor’s degree or higher was associated with lower IL-6 (b = −0.16, SE = 0.08, 95% 
CI = [−0.32, −0.01]). However, the association between educational attainment and IL-6 
became non-significant after adjusting for race/ethnicity and internal HLOC (MODEL 2) 
(b = −0.11, SE = 0.08, 95% CI = [−0.64, 0.04]). Internal HLOC was significantly inversely 
associated with IL-6 (b = −0.18, SE = 0.06, 95% CI = [−0.29, −0.08]), suggesting that lower 
internal HLOC was associated with elevated IL-6. After adding BMI and smoking status 
to the model (MODEL 3), the association between educational attainment and IL-6 
remained non-significant (b = −0.10, SE = 0.07, 95% CI = [−0.24, 0.05]). In contrast, the 
association between internal HLOC and IL-6 remained significant, while the magnitude 
was slightly attenuated (b = −0.12, SE = 0.05, 95% CI = [−0.22, −0.02]).

Educational attainment, internal HLOC and CRP
The results from the multiple regression analysis among educational attainment, internal 
HLOC and CRP are shown in Table 2. In the model adjusted for age, sex, and cohort 
(MODEL 1), there was a significant association between educational attainment and CRP 
(b = −0.37, SE = 0.12, 95% CI = [−0.60, −0.14]). In the model adjusting for age, sex, 
cohort, and race/ethnicity (MODEL 2), the significant negative association between 
educational attainment and CRP remained despite slightly attenuated in magnitude (b  
= −0.32, SE = 0.12, 95% CI = [−0.55, −0.09]). Similarly, we observed significant negative 
association between internal HLOC and CRP (b = −0.23, SE = 0,08, 95% CI = [−0.39, 
−0.07]). In the fully adjusted model (MODEL 3), lower educational attainment remained 
significantly associated with elevated CRP (b = −.28, SE = 0.11, 95% CI = [−0.50, −0.06]). 
However, the association between internal HLOC and CRP became non-significant in 
the fully adjusted model (b = −0.14, SE = 0.08, 95% CI = [−0.29, −0.02]).

Educational attainment, external HLOC and IL-6
The results of the regression analysis among educational attainment, external HLOC, and 
IL-6 are shown in Table 3. Similar to the results involving internal HLOC, the significant 
association between educational attainment and IL-6 became non-significant after 
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external HLOC and race/ethnicity added in the model (b = −.10, SE = 0.08, 95% CI =  
[−0.25, 0.06]). On the other hand, higher external HLOC was significantly associated 
with elevated IL-6 (b = 0.07, SE = 0.03, 95% CI = -[0.01, 0.13]). However, the association 
between external HLOC and IL-6 became non-significant in the fully adjusted model (b  
= 0.04, SE = 0.03, 95% CI = [−0.02, 0.09]).

Educational attainment, external HLOC and CRP
Table 3 includes results from regression analysis among educational attainment, 
external HLOC, and CRP. Educational attainment was consistently associated with 
CRP, even after adjusting for external HLOC, race/ethnicity, and health-related 
covariates (MODEL 2: b = −0.28, SE = 0.12, 95% CI = [−0.51, −0.04]; MODEL 3: b =  
−0.25, SE = 0.11, 95% CI = [−0.47, −0.03]). External HLOC was significantly associated 
with CRP in the minimally adjusted model (MODEL 2: b = 0.14, SE = 0.05, 95% CI =  
[0.05, 0.23]), showing that greater external HLOC was associated with elevated CRP. 
In the fully adjusted model, external HLOC remained significantly associated with 
CRP despite slight attenuation in the magnitude of the association (b = 0.10, SE = 0.04, 
95% CI = [0.01, 0.18]).

Results from mediation analysis
Based on the preliminary analyses above, educational attainment and HLOC were 
associated with CRP, but not IL-6. Thus, we only conducted the mediation analysis 
involving educational attainment, HLOC, and CRP. The results from the mediation 
analysis are presented in Table 4 and Figure 1. Lower educational attainment was 
associated with greater external HLOC (a2 = −0.50, SE =0.15, 95% CI = [−0.80, −0.21]), 
but not internal HLOC (a1 = 0.11, SE = 0.08, 95% CI = [−0.06, 0.27]). In turn, greater 
external HLOC was associated with elevated CRP (b2 = 0.10, SE = 0.04, 95% CI = [0.01, 
0.18]). Internal HLOC was not associated with CRP (b1 = −0.14, SE = 0.08, 95% CI =  
[−0.29, 0.01]). The direct path between educational attainment and CRP remained 
significant (direct effect/c’ = −0.23, SE = 0.11, 95% CI = [−0.45, −0.01]; total effect/c =  
−0.29, SE = 0.11, 95% CI = [−0.51, −0.08]). The indirect effect through external HLOC on 
the association between educational attainment and CRP was significant (effect = −0.05, 
bootstrapped SE = 0.02, 95% CI [bootstrapped] = [−0.10, −0.01]). In summary, higher 
external HLOC was a significant path through which lower educational attainment was 
associated with elevated CRP.

Discussion

Using a national study of middle-aged and older adults’ cancer survivors in the U.S., this 
study examined the association between educational attainment, internal and external 
health locus of control (HLOC), and inflammation in this population. We found that 
among adult cancer survivors, HLOC was an important psychosocial pathway in the 
association between lower educational attainment and elevated inflammatory activity, 
a robust biological predictor for age-related chronic diseases. Specifically, we found that 
cancer survivors with lower educational backgrounds may perceive that their health is 
highly influenced by external control, which in turn is associated with elevated inflam
mation, especially CRP.
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First, we hypothesized that lower educational attainment would be associated with 
inflammation among cancer survivors. Our results confirmed an association between 
lower SES and elevated CRP but not IL-6 among cancer survivors in our sample. One 
reason for this difference may be that CRP levels offer a long-term reflection of hepatic 
function and general health whereas IL-6 reflects acute responses to inflammatory 
stimuli as well as the extent of a person’s adiposity. The increased release of IL-6 also 
precedes a rise in CRP levels because IL-6 is one of the potent stimulators of CRP 
synthesis and secretion (Del Giudice & Gangestad, 2018). These differences may also 
be observed because our sample comprises cancer survivors. Studies suggest that levels of 
CRP provide a more sensitive indication of prognosis among cancer survivors, while IL-6 
is a more salient bioindicator of a cancer diagnosis (Groblewska et al., 2008; 
Ravishankaran & Karunanithi, 2011). The significant association between lower SES 
and CRP among cancer survivors may indicate the higher exposure to chronic stressors 
due to cancer diagnosis, treatment, and maintenance (Lantz et al., 2005), which can 
contribute to accelerated aging (Yegorov et al., 2020).

Second, we hypothesized that lower internal HLOC and higher external HLOC were 
associated with elevated inflammation. We found that greater internal HLOC was 
consistently associated with lower inflammation, using both measures of CRP and IL- 
6. This is consistent with literature showing that a greater sense of control is associated 
with elevated inflammation (Magin et al., 2024; Zahodne et al., 2019). One reason may be 
that positive psychosocial beliefs can reduce stress and motivate people to engage in 
health-promoting behavior (Lachman & Schiloski, 2024). Furthermore, our results show 
that greater external HLOC was only significantly associated with elevated CRP, but not 
IL-6. As stated previously, CRP is more of a downstream measure of inflammation, 
reflecting racial and socioeconomic disparities more than other measures (Farmer et al.,  

Figure 1. Summary of findings from mediation analysis involving educational attainment, external 
health locus of control, and c-reactive protein (CRP; ln). The findings indicate significant pathways 
through higher external HLOC, but not internal HLOC, on the association between lower education 
and elevated CRP.
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2021). It is also hypothesized that structural and environmental disadvantages influence 
external measures of perceived control, whereas internal factors are shaped by an 
individual’s microenvironment, including family or peers (Zahodne, 2021). Therefore, 
external HLOC and CRP are each more closely linked to differences in educational 
background.

Finally, we hypothesized that lower internal HLOC and higher external HLOC were 
significant pathways through which lower educational attainment was associated with 
elevated inflammation. We found robust evidence that external HLOC was an important 
psychosocial pathway in the association between lower educational attainment and 
elevated CRP. This finding was consistent with the framework developed by Matthews 
and colleagues on the important role of psychosocial factors in explaining socioeconomic 
disparities in health and aging (Matthews et al., 2010). Others have documented the 
mediating role of general perceived control on the association between SES and aging 
phenotype, such as frailty (Mooney et al., 2018). We contributed to this body of work by 
showing that differences in educational attainment among cancer survivors are asso
ciated with differences in psychosocial resources, which can lead to disparities in 
biological markers of aging. We showed that formal education is an important social 
context in the formation of locus of control, including health locus of control. We 
corroborated previous studies that showed an association between lower educational 
attainment and greater external locus of control (Grotz et al., 2011; Mitchell et al., 2018). 
Furthermore, greater external HLOC among cancer survivors may be an individual 
reflection of social and structural inequality that can lead to a lack of belief in control 
over health and other life outcomes (Mirowsky & Ross, 2007). This can lead to a lack of 
motivation in adhering to treatment, medication, and health-promoting behaviors. Thus, 
we observed greater external HLOC as a significant pathway in the association between 
lower educational attainment and elevated CRP.

Contrary to our hypothesis, we did not find evidence of the significant role of internal 
HLOC on the pathway between educational attainment and CRP. Internal HLOC may 
play important role among cancer survivors who are diagnosed at earlier stages (stage 
I and II) (Rehman, 2022). Unfortunately, the MIDUS study did not collect information 
regarding the staging of cancer diagnosis. Future studies should prioritize analyzing the 
role of HLOC based on cancer staging, as an important psychosocial pathway linking 
educational attainment and biological indicators of morbidity and mortality. The major
ity of participants in our study are long-term cancer survivors. Our findings on the 
relative important role of external HLOC compared to internal HLOC may be relevant to 
long-term cancer survivorship. However, replications are needed with a larger and more 
diverse sample.

Given the significant proportion of aging cancer survivors in the United States 
(Tonorezos et al., 2024), it is imperative to better understand the biological, psychologi
cal, and social factors contributing to maintaining health and well-being and achieving 
healthy aging in this population (Ness & Wogksch, 2020; Sedrak et al., 2021). While 
social and structural changes, especially related to universal healthcare reform, would be 
of high priority to achieve equity in healthy aging among cancer survivors, identifying 
possible feasible individual-level intervention avenues is still essential. Identifying impor
tant psychosocial factors of health that link to socioeconomic and racial disparities in 
healthy aging among cancer survivors is a promising area for research and translational 
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efforts. In this study, we contribute to this effort by clarifying the roles of HLOC in the 
link between educational attainment and an important biological marker of aging. 
Addressing the higher levels of external HLOC – feeling of having no control over 
one’s health outcomes – among lower SES cancer survivors may be an important 
intervention opportunity. While this could be challenging, given that external HLOC 
could be a reflection of structural barriers in accessing healthcare, finding ways to 
empower cancer survivors’ sense of control in their health is a promising avenue of 
research.

Limitations

The selection of cancer survivors from the pool of the MIDUS study participants was 
based on self-report, which is prone to bias. However, MIDUS participants also 
reported their cancer history during the baseline survey, so we were able to clarify 
the report of cancer diagnosis based on two separate sources for each participant. 
Furthermore, although the MIDUS study was not specifically designed to investigate 
cancer survivorship, the age of the participants (i.e. middle-aged and older adults) 
allowed us to pool a significant number of cancer survivors. The MIDUS study 
provided a unique opportunity to link social, psychosocial, and biological health 
and aging factors. Another limitation was the lack of racial and socioeconomic 
diversity (majority NH white and had attained a bachelor’s degree) in the MIDUS 
sample. Utilizing samples that are more diverse socioeconomically and racially, future 
studies should assess the intersectional role between socioeconomic factors and race/ 
ethnicity more comprehensively on the associations between HLOC and inflamma
tion, given the clear evidence of racial disparities in survivorship outcomes in the 
United States (for example, Lee et al., 2024). Given that racial discrimination com
bined with low SES likely plays a role in an individual’s perception of external HLOC, 
it is critical to study this topic among socioeconomically and racially diverse cancer 
survivors.

In addition, the data used in this analysis were cross-sectional, meaning that 
causation cannot be inferred. Although mediation analyses inherently assess causal 
pathways, we were limited in inferring causation given the nature of data used in this 
study. So, the results of the mediation analysis must be taken cautiously. Furthermore, 
we did not apply corrections for multiple comparisons for a more robust conclusion. 
Our goal was to clarify the pathways among educational attainment, internal and 
external HLOC, and inflammation, and we found promising preliminary findings 
based on the results of this analysis. Future studies should prioritize utilizing long
itudinal data and take advantage of the temporal aspect among these factors to 
replicate if HLCO, especially external HLOC, indeed mediated the link between 
lower SES and elevated risk of age-related chronic diseases. Lastly, future studies 
should assess how these pathways persist among patients of different types of cancer. 
While our study included cancer survivors of several types of cancer, our analysis did 
not consider differences in HLOC among these experiences. It would be meaningful 
to understand how these relationships differ among patients with different types of 
cancer.
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Conclusion

This work is among the first to investigate the mediational role of health locus of 
control in the relationship between educational attainment and inflammation, an 
important biological marker of healthy aging, among cancer survivors. We found 
that cancer survivors from lower educational backgrounds may perceive their health 
as outside of their control, demonstrated by lower measures of external HLOC. 
Lower educational attainment and lack of control in health outcomes may not only 
lead to elevated inflammation but may compound treatment-related inflammation 
resulting in a higher risk for age-related chronic diseases and compromised healthy 
aging.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Thomas Jefferson University-Drexel University Cancer 
Consortium Pilot Award (PI: Surachman). Since 1995 the MIDUS study has been funded by the 
following: John D. and Catherine T. MacArthur Foundation Research Network, National Institute 
on Aging [P01-AG020166, U19-AG051426]. Biomarker data collection was further supported by 
the NIH National Center for Advancing Translational Sciences (NCATS) Clinical and 
Translational Science Award (CTSA) program as follows: [UL1TR001409 (Georgetown), 
UL1TR001881 (UCLA), and 1UL1RR025011 (UW)]. The content is solely the responsibility of 
the authors and does not necessarily represent the official views of the National Institutes of 
Health.

Data availability statement

Data from the MIDUS study is publicly available on the MIDUS Colectica Portal (https://midus. 
colectica.org/). The analyses in this study were not preregistered.

Ethics statement

The MIDUS protocol was approved by the Health Sciences Institutional Review Board at the 
University of Wisconsin (Madison, WI), as well as by the IRBs at Georgetown University 
(Washington D.C.) and UCLA (Los Angeles, CA).

References

Adler, N. E., Boyce, T., Chesney, M. A., Cohen, S., Folkman, S., Kahn, R. L., & Syme, S. L. (1994). 
Socioeconomic status and health: The challenge of the gradient. The American Psychologist, 49 
(1), 15. https://doi.org/10.1037/0003-066X.49.1.15  

Balaj, M., Henson, C. A., Aronsson, A., Aravkin, A., Beck, K., Degail, C., Donadello, L., Eikemo, K., 
Friedman, J., Giouleka, A., Gradeci, I., Hay, S. I., Jensen, M. R., McLaughlin, S. A., 
Mullany, E. C., O’Connell, E. M., Sripada, K., Stonkute, D., Sorensen, R. J. D., . . . 
Eikemo, T. A. (2024). Effects of education on adult mortality: A global systematic review and 

18 M. J. PLUMMER ET AL.

https://midus.colectica.org/
https://midus.colectica.org/
https://doi.org/10.1037/0003-066X.49.1.15


meta-analysis. Lancet Public Health, 9(3), e155–e165. https://doi.org/10.1016/S2468-2667(23) 
00306-7  

Blaes, A. H., Nair, C., Everson-Rose, S., Jewett, P., Wolf, J., & Zordoky, B. (2023). Psychological 
measures of stress and biomarkers of inflammation, aging, and endothelial dysfunction in breast 
cancer survivors on aromatase inhibitors. Scientific Reports, 13(1), 1677. https://doi.org/10. 
1038/s41598-023-28895-4  

Bluethmann, S. M., Mariotto, A. B., & Rowland, J. H. (2016). Anticipating the “silver tsunami”: 
Prevalence trajectories and comorbidity burden among older cancer survivors in the United 
States. Cancer Epidemiology, Biomarkers & Prevention, 25(7), 1029–1036. https://doi.org/10. 
1158/1055-9965.EPI-16-0133  

Bobak, M., Pikhart, H., Rose, R., Hertzman, C., & Marmot, M. (2000). Socioeconomic factors, 
material inequalities, and perceived control in self-rated health: Cross-sectional data from seven 
post-communist countries. Social Science & Medicine (1982), 51(9), 1343–1350. https://doi.org/ 
10.1016/s0277-9536(00)00096-4  

Braveman, P. A., Cubbin, C., Egerter, S., Williams, D. R., & Pamuk, E. (2010). Socioeconomic 
disparities in health in the United States: What the patterns tell us. American Journal of Public 
Health, 100(S1), S186–S196. https://doi.org/10.2105/AJPH.2009.166082  

Brim, O. G., Ryff, C. D., & Kessler, R. C. (2005). The MIDUS national survey: An overview In O. G. 
Brim, C. D. Ryff, & R. C. Kessler (Eds.), How healthy are we? A national study of well-being at 
midlife (pp. 1-34). The University of Chicago Press.

Carroll, J. E., Nakamura, Z. M., Small, B. J., Zhou, X., Cohen, H. J., Ahles, T. A., Ahn, J., 
Bethea, T. N., Extermann, M., Graham, D., Isaacs, C., Jim, H. S. L., Jacobsen, P. B., 
McDonald, B. C., Patel, S. K., Rentscher, K., Root, J., Saykin, A. J., Tometich, D. B., . . . 
Breen, E. C. (2023). Elevated C-reactive protein and subsequent patient-reported cognitive 
problems in older breast cancer survivors: The thinking and living with cancer study. Journal of 
Clinical Oncology, 41(2), 295–306. https://doi.org/10.1200/jco.22.00406  

Chiang, J. J., Park, H., Almeida, D. M., Bower, J. E., Cole, S. W., Irwin, M. R., McCreath, H., 
Seeman, T. E., & Fuligni, A. J. (2019). Psychosocial stress and C-reactive protein from 
mid-adolescence to young adulthood. Health Psychology, 38(3), 259. https://doi.org/10.1037/ 
hea0000701  

Coughlin, S. S. (2019). Social determinants of breast cancer risk, stage, and survival. Breast Cancer 
Research and Treatment, 177(3), 537–548. https://doi.org/10.1007/s10549-019-05340-7  

Del Giudice, M., & Gangestad, S. W. (2018). Rethinking IL-6 and CRP: Why they are more than 
inflammatory biomarkers, and why it matters. Brain, Behavior, and Immunity, 70, 61–75.  
https://doi.org/10.1016/j.bbi.2018.02.013  

Elliott, J., Fallows, A., Staetsky, L., Smith, P. W., Foster, C. L., Maher, E. J., & Corner, J. (2011). The 
health and well-being of cancer survivors in the UK: Findings from a population-based survey. 
British Journal of Cancer, 1(S1), S11–20. https://doi.org/10.1038/bjc.2011.418  

Eriksson, M. C. M., Lundgren, J., Hellgren, M., Li, Y., Björkelund, C., Lindblad, U., & Daka, B. 
(2023). Association between low internal health locus of control, psychological distress and 
insulin resistance. An exploratory study. PLOS ONE, 18(5), e0285974. https://doi.org/10.1371/ 
journal.pone.0285974  

Farmer, H. R., Wray, L. A., & Haas, S. A. (2021). Race, gender, and socioeconomic variations in 
C-reactive protein using the health and retirement study. The Journals of Gerontology Series B, 
Psychological Sciences and Social Sciences, 76(3), 583–595. https://doi.org/10.1093/geronb/ 
gbaa027  

Fitzgerald, M., & Papp, V. (2024). Childhood maltreatment is longitudinally associated with 
cardiometabolic biomarkers through marital quality: Do health locus of control and eating 
habits matter? Journal of Social & Personal Relationships, 41(8), 2169–2191. https://doi.org/10. 
1177/02654075241235966  

Groblewska, M., Mroczko, B., Wereszczyńska-Siemiątkowska, U., Kędra, B., Łukaszewicz, M., 
Baniukiewicz, A., & Szmitkowski, M. (2008). Serum interleukin 6 (IL-6) and C-reactive protein 
(CRP) levels in colorectal adenoma and cancer patients. Clinical Chemistry and Laboratory 
Medicine, 46(10), 1423–1428. https://doi.org/10.1515/CCLM.2008.278  

PSYCHOLOGY, HEALTH & MEDICINE 19

https://doi.org/10.1016/S2468-2667(23)00306-7
https://doi.org/10.1016/S2468-2667(23)00306-7
https://doi.org/10.1038/s41598-023-28895-4
https://doi.org/10.1038/s41598-023-28895-4
https://doi.org/10.1158/1055-9965.EPI-16-0133
https://doi.org/10.1158/1055-9965.EPI-16-0133
https://doi.org/10.1016/s0277-9536(00)00096-4
https://doi.org/10.1016/s0277-9536(00)00096-4
https://doi.org/10.2105/AJPH.2009.166082
https://doi.org/10.1200/jco.22.00406
https://doi.org/10.1037/hea0000701
https://doi.org/10.1037/hea0000701
https://doi.org/10.1007/s10549-019-05340-7
https://doi.org/10.1016/j.bbi.2018.02.013
https://doi.org/10.1016/j.bbi.2018.02.013
https://doi.org/10.1038/bjc.2011.418
https://doi.org/10.1371/journal.pone.0285974
https://doi.org/10.1371/journal.pone.0285974
https://doi.org/10.1093/geronb/gbaa027
https://doi.org/10.1093/geronb/gbaa027
https://doi.org/10.1177/02654075241235966
https://doi.org/10.1177/02654075241235966
https://doi.org/10.1515/CCLM.2008.278


Grotz, M., Hapke, U., Lampert, T., & Baumeister, H. (2011). Health locus of control and health 
behaviour: Results from a nationally representative survey. Psychology, Health and Medicine, 16 
(2), 129–140. https://doi.org/10.1080/13548506.2010.521570  

Grzywacz, J. G., & Marks, N. F. (2000). Family, work, work-family spillover, and problem drinking 
during midlife. Journal of Marriage & Family, 62(2), 336–348. https://doi.org/10.1111/j.1741- 
3737.2000.00336.x 

Hayes, A. F., & Rockwood, N. J. (2017). Regression-based statistical mediation and moderation 
analysis in clinical research: Observations, recommendations, and implementation. Behav Res 
Ther, 98, 39–57. https://doi.org/10.1016/j.brat.2016.11.001 

Jacobs-Lawson, J. M., Waddell, E. L., & Webb, A. K. (2011). Predictors of health locus of control in 
older adults. Current Psychology, 30(2), 173–183. https://doi.org/10.1007/s12144-011-9108-z  

Koene, R. J., Prizment, A. E., Blaes, A., & Konety, S. H. (2016). Shared risk factors in cardiovascular 
disease and cancer. Circulation, 133(11), 1104–1114. https://doi.org/10.1161/circulationaha. 
115.020406  

Krieger, N., Williams, D. R., & Moss, N. E. (1997). Measuring social class in US public health 
research: Concepts, methodologies, and guidelines. Annual Review of Public Health, 18(1), 
341–378. https://doi.org/10.1146/annurev.publhealth.18.1.341  

Lachman, M. E., & Schiloski, K. A. (2024). The psychosocial anti-inflammatories: Sense of control, 
purpose in life, and social support in relation to inflammation, functional health and chronic 
conditions in adulthood. Journal of Psychosomatic Research, 187, 111957. https://doi.org/10. 
1016/j.jpsychores.2024.111957  

Lachman, M. E., & Weaver, S. L. (1998). Sociodemographic variations in the sense of control by 
domain: Findings from the MacArthur studies of midlife. Psychology and Aging, 13(4), 553–562.  
https://doi.org/10.1037/0882-7974.13.4.553  

Lantz, P. M., House, J. S., Mero, R. P., & Williams, D. R. (2005). Stress, life events, and socio
economic disparities in health: Results from the Americans’ changing lives study. Journal of 
Health & Social Behavior, 46(3), 274–288. https://doi.org/10.1177/002214650504600305  

Lee, E., Hines, R. B., Zhu, J., Nam, E., & Rovito, M. J. (2024). Racial and ethnic variations in 
pre-diagnosis comorbidity burden and health-related quality of life among older women with 
breast cancer. Journal of Racial and Ethnic Health Disparities, 11(3), 1587–1599. https://doi.org/ 
10.1007/s40615-023-01634-1  

Li, F., Jiang, T., Liu, Y., Liu, B., & Shi, T. (2023). Longitudinal comparison of health locus of control 
and subjective well-being in older women with breast cancer. Psychology & Health, 38(3), 
269–282. https://doi.org/10.1080/08870446.2021.1966004  

Lindström, M., Pirouzifard, M., Rosvall, M., & Fridh, M. (2022). Health locus of control and 
all-cause, cardiovascular, cancer and other cause mortality: A population-based prospective 
cohort study in southern Sweden. Preventive Medicine, 161, 107114. https://doi.org/10.1016/j. 
ypmed.2022.107114  

MacGiollabhui, N., Ellman, L. M., Coe, C. L., Byrne, M. L., Abramson, L. Y., & Alloy, L. B. (2020). 
To exclude or not to exclude: Considerations and recommendations for C-reactive protein 
values higher than 10 mg/L. Brain, Behavior, and Immunity, 87, 898–900. https://doi.org/10. 
1016/j.bbi.2020.01.023  

Magin, Z. E., Park, C. L., Burke, J. D., & Infurna, F. J. (2024). Perceived control and inflammation: 
Mediating and moderating effects in the relationship between cumulative trauma and 
depression. Psychosomatic Medicine, 86(3), 192–201. https://doi.org/10.1097/psy. 
0000000000001282  

Mainous, A. G., Orlando, F. A., Yin, L., Sharma, P., Wu, V., & Saguil, A. (2024). Inflammation and 
poverty as individual and combined predictors of 15-year mortality risk in middle aged and 
older adults in the US [brief research report]. Frontiers in Medicine, 10. https://doi.org/10.3389/ 
fmed.2023.1261083  

Marmot, M. G., Smith, G. D., Stansfeld, S., Patel, C., North, F., Head, J., White, I., Brunner, E., 
Feeney, A., & Smith, G. D. (1991). Health inequalities among British civil servants: The 
Whitehall II study. Lancet (London, England), 337(8754), 1387–1393. https://doi.org/10.1016/ 
0140-6736(91)93068-k  

20 M. J. PLUMMER ET AL.

https://doi.org/10.1080/13548506.2010.521570
https://doi.org/10.1111/j.1741-3737.2000.00336.x
https://doi.org/10.1111/j.1741-3737.2000.00336.x
https://doi.org/10.1016/j.brat.2016.11.001
https://doi.org/10.1007/s12144-011-9108-z
https://doi.org/10.1161/circulationaha.115.020406
https://doi.org/10.1161/circulationaha.115.020406
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1016/j.jpsychores.2024.111957
https://doi.org/10.1016/j.jpsychores.2024.111957
https://doi.org/10.1037/0882-7974.13.4.553
https://doi.org/10.1037/0882-7974.13.4.553
https://doi.org/10.1177/002214650504600305
https://doi.org/10.1007/s40615-023-01634-1
https://doi.org/10.1007/s40615-023-01634-1
https://doi.org/10.1080/08870446.2021.1966004
https://doi.org/10.1016/j.ypmed.2022.107114
https://doi.org/10.1016/j.ypmed.2022.107114
https://doi.org/10.1016/j.bbi.2020.01.023
https://doi.org/10.1016/j.bbi.2020.01.023
https://doi.org/10.1097/psy.0000000000001282
https://doi.org/10.1097/psy.0000000000001282
https://doi.org/10.3389/fmed.2023.1261083
https://doi.org/10.3389/fmed.2023.1261083
https://doi.org/10.1016/0140-6736(91)93068-k
https://doi.org/10.1016/0140-6736(91)93068-k


Matthews, K. A., Gallo, L. C., & Taylor, S. E. (2010). Are psychosocial factors mediators of 
socioeconomic status and health connections? Annals of the New York Academy of Sciences, 
1186(1), 146–173. https://doi.org/10.1111/j.1749-6632.2009.05332.x  

Mielck, A., Vogelmann, M., & Leidl, R. (2014). Health-related quality of life and socioeconomic 
status: Inequalities among adults with a chronic disease. Health and Quality of Life Outcomes, 12 
(1), 58. https://doi.org/10.1186/1477-7525-12-58  

Mirowsky, J., & Ross, C. E. (2007). Life course trajectories of perceived control and their relation
ship to education. The American Journal of Sociology, 112(5), 1339–1382. https://doi.org/10. 
1086/511800  

Mitchell, U. A., Ailshire, J. A., Brown, L. L., Levine, M. E., & Crimmins, E. M. (2018). Education 
and psychosocial functioning among older adults: 4-year change in sense of control and 
hopelessness. Journals of Gerontology, Series B: Psychological Sciences & Social Sciences, 73(5), 
849–859. https://doi.org/10.1093/geronb/gbw031  

Mooney, C. J., Elliot, A. J., Douthit, K. Z., Marquis, A., & Seplaki, C. L. (2018). Perceived control 
mediates effects of socioeconomic status and chronic stress on physical frailty: Findings from 
the health and retirement study. The Journals of Gerontology Series B, Psychological Sciences and 
Social Sciences, 73(7), 1175–1184. https://doi.org/10.1093/geronb/gbw096  

Muscatell, K. A., Brosso, S. N., & Humphreys, K. L. (2020). Socioeconomic status and inflamma
tion: A meta-analysis. Molecular Psychiatry, 25(9), 2189–2199. https://doi.org/10.1038/s41380- 
018-0259-2  

Ness, K. K., & Wogksch, M. D. (2020). Frailty and aging in cancer survivors. Translational 
Research, 221, 65–82. https://doi.org/10.1016/j.trsl.2020.03.013  

Ogle, K. S., Swanson, G. M., Woods, N., & Azzouz, F. (2000). Cancer and comorbidity: Redefining 
chronic diseases. Cancer, 88(3), 653–663. https://doi.org/10.1002/(SICI)1097-0142(20000201) 
88:3<653::AID-CNCR24>3.0.CO;2-1  

Ording, A. G., Horváth-Puhó, E., Veres, K., Glymour, M. M., Rørth, M., Sørensen, H. T., & 
Henderson, V. W. (2020). Cancer and risk of Alzheimer’s disease: Small association in 
a nationwide cohort study. Alzheimers Dement, 16(7), 953–964. https://doi.org/10.1002/alz.12090  

Pageot, Y. K., Stanton, A. L., Ganz, P. A., Irwin, M. R., Cole, S. W., Crespi, C. M., Breen, E. C., 
Kuhlman, K. R., & Bower, J. E. (2022). Socioeconomic status and inflammation in women with 
early-stage breast cancer: Mediation by body mass index. Brain Behaviour Immunity, 99, 
307–316. https://doi.org/10.1016/j.bbi.2021.10.008  

Pati, S., Irfan, W., Jameel, A., Ahmed, S., & Shahid, R. K. (2023). Obesity and cancer: A current 
overview of epidemiology, pathogenesis, outcomes, and management. Cancers (Basel), 15(2), 
485. https://doi.org/10.3390/cancers15020485  

Phelan, J. C., Link, B. G., & Tehranifar, P. (2010). Social conditions as fundamental causes of health 
inequalities: Theory, evidence, and policy implications. Journal of Health & Social Behavior, 51 
(1_suppl), S28–S40. https://doi.org/10.1177/0022146510383498  

Poortinga, W., Dunstan, F. D., & Fone, D. L. (2008). Health locus of control beliefs and 
socio-economic differences in self-rated health. Preventive Medicine, 46(4), 374–380. https:// 
doi.org/10.1016/j.ypmed.2007.11.015  

Radler, B. T. (2014). The midlife in the United States (MIDUS) series: A national longitudinal 
study of health and well-being. Open Health Data, 2(1).doi:https://doi.org/10.5334/ohd.ai  

Ragni, A., Retta, F., Arvat, E., & Gallo, M. (2021). Diabetes in cancer patients: Risks, goals and 
management. Frontiers of Hormone Research, 54, 103–114. https://doi.org/10.1159/000513807  

Ravishankaran, P., & Karunanithi, R. (2011). Clinical significance of preoperative serum 
interleukin-6 and C-reactive protein level in breast cancer patients. World Journal of Surgical 
Oncology, 9(1), 1–6. https://doi.org/10.1186/1477-7819-9-18  

Rehman, S. (2022). Self-esteem, psychological wellbeing and locus of control among breast cancer 
patients. Pakistan Journal of Humanities and Social Sciences Research, 5(1), 55–71.

Satti, D. I., Chan, J. S. K., Dee, E. C., Lee, Y. H. A., Wai, A. K. C., Dani, S. S., Virani, S. S., 
Shapiro, M. D., Sharma, G., Liu, T., & Tse, G. (2023). Associations between social determinants 
of health and cardiovascular health of U.S. adult cancer survivors. JACC: CardioOncology, 6(3), 
439–450. https://doi.org/10.1016/j.jaccao.2023.07.010  

PSYCHOLOGY, HEALTH & MEDICINE 21

https://doi.org/10.1111/j.1749-6632.2009.05332.x
https://doi.org/10.1186/1477-7525-12-58
https://doi.org/10.1086/511800
https://doi.org/10.1086/511800
https://doi.org/10.1093/geronb/gbw031
https://doi.org/10.1093/geronb/gbw096
https://doi.org/10.1038/s41380-018-0259-2
https://doi.org/10.1038/s41380-018-0259-2
https://doi.org/10.1016/j.trsl.2020.03.013
https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3%3C653::AID-CNCR24%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3%3C653::AID-CNCR24%3E3.0.CO;2-1
https://doi.org/10.1002/alz.12090
https://doi.org/10.1016/j.bbi.2021.10.008
https://doi.org/10.3390/cancers15020485
https://doi.org/10.1177/0022146510383498
https://doi.org/10.1016/j.ypmed.2007.11.015
https://doi.org/10.1016/j.ypmed.2007.11.015
https://doi.org/10.5334/ohd.ai
https://doi.org/10.1159/000513807
https://doi.org/10.1186/1477-7819-9-18
https://doi.org/10.1016/j.jaccao.2023.07.010


Schieman, S., & Plickert, G. (2008). How knowledge is power: Education and the sense of control. 
Social Forces, 87(1), 153–183. https://doi.org/10.1353/sof.0.0065  

Schieman, S., & Plickert, G. (2008). How knowledge is power: Education and the sense of control. 
Social Forces, 87(1), 153–183. https://doi.org/10.1353/sof.0.0065 

Sedrak, M. S., Kirkland, J. L., Tchkonia, T., & Kuchel, G. A. (2021). Accelerated aging in older 
cancer survivors. Journal of the American Geriatrics Society, 69(11), 3077. https://doi.org/10. 
1111/jgs.17461  

Smith, W. C., Anderson, E., Salinas, D., Horvatek, R., & Baker, D. P. (2015). A meta-analysis of 
education effects on chronic disease: The causal dynamics of the population education transition 
curve. Social Science and Medicine, 127, 29–40. https://doi.org/10.1016/j.socscimed.2014.10.027  

Teissier, T., Boulanger, E., & Cox, L. S. (2022). Interconnections between inflammageing and 
immunosenescence during ageing. Cells, 11(3), 359. https://doi.org/10.3390/cells11030359  

Tonorezos, E., Devasia, T., Mariotto, A. B., Mollica, M. A., Gallicchio, L., Green, P., Doose, M., 
Brick, R., Streck, B., Reed, C., & de Moor, J. S. (2024). Prevalence of cancer survivors in the 
United States. Journal of the National Cancer Institute, 116(11), 1784–1790. https://doi.org/10. 
1093/jnci/djae135  

Wallston, K. A. (2020). Multidimensional health locus of control scales. In M. D. Gellman (Ed.), 
Encyclopedia of behavioral medicine (pp. 1423–1424). Springer International Publishing. https:// 
doi.org/10.1007/978-3-030-39903-0_605  

Wang, S., Prizment, A., Thyagarajan, B., & Blaes, A. (2021). Cancer treatment-induced accelerated 
aging in cancer survivors: Biology and assessment. Cancers (Basel), 13(3), 427. https://doi.org/ 
10.3390/cancers13030427  

Yegorov, Y. E., Poznyak, A. V., Nikiforov, N. G., Sobenin, I. A., & Orekhov, A. N. (2020). The link 
between chronic stress and accelerated aging. Biomedicines, 8(7), 198. https://www.mdpi.com/ 
2227-9059/8/7/198 

Zahodne, L. B. (2021). Biopsychosocial pathways in dementia inequalities: Introduction to the 
Michigan cognitive aging project. The American Psychologist, 76(9), 1470. https://doi.org/10. 
1037/amp0000936  

Zahodne, L. B., Kraal, A. Z., Zaheed, A., Farris, P., & Sol, K. (2019). Longitudinal effects of race, 
ethnicity, and psychosocial disadvantage on systemic inflammation. SSM - Population Health, 7, 
100391. https://doi.org/10.1016/j.ssmph.2019.100391  

Zilioli, S., Slatcher, R. B., Ong, A. D., & Gruenewald, T. L. (2015). Purpose in life predicts allostatic 
load ten years later. Journal of Psychosomatic Research, 79(5), 451–457. https://doi.org/10.1016/ 
j.jpsychores.2015.09.013

22 M. J. PLUMMER ET AL.

https://doi.org/10.1353/sof.0.0065
https://doi.org/10.1353/sof.0.0065
https://doi.org/10.1111/jgs.17461
https://doi.org/10.1111/jgs.17461
https://doi.org/10.1016/j.socscimed.2014.10.027
https://doi.org/10.3390/cells11030359
https://doi.org/10.1093/jnci/djae135
https://doi.org/10.1093/jnci/djae135
https://doi.org/10.1007/978-3-030-39903-0_605
https://doi.org/10.1007/978-3-030-39903-0_605
https://doi.org/10.3390/cancers13030427
https://doi.org/10.3390/cancers13030427
https://www.mdpi.com/2227-9059/8/7/198
https://www.mdpi.com/2227-9059/8/7/198
https://doi.org/10.1037/amp0000936
https://doi.org/10.1037/amp0000936
https://doi.org/10.1016/j.ssmph.2019.100391
https://doi.org/10.1016/j.jpsychores.2015.09.013
https://doi.org/10.1016/j.jpsychores.2015.09.013


Copyright of Psychology, Health & Medicine is the property of Taylor & Francis Ltd and its
content may not be copied or emailed to multiple sites without the copyright holder's express
written permission. Additionally, content may not be used with any artificial intelligence tools
or machine learning technologies. However, users may print, download, or email articles for
individual use.


	Abstract
	Background
	Biopsychosocial factors of health disparities associated with educational attainment among cancer survivors
	The current study

	Methods
	Data and participants
	Biomarker assessment protocol
	Analytic sample
	Measures
	Educational attainment
	Health locus of control
	Inflammatory activity
	Covariates

	Statistical analysis
	Regression analysis
	Mediation analysis
	Missing data


	Results
	Descriptive statistics
	Results from regression analyses
	Educational attainment, internal HLOC, and IL-6
	Educational attainment, internal HLOC and CRP
	Educational attainment, external HLOC and IL-6
	Educational attainment, external HLOC and CRP
	Results from mediation analysis


	Discussion
	Limitations

	Conclusion
	Disclosure statement
	Funding
	Data availability statement
	Ethics statement
	References

