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Abstract

Objective: To examine the associations among socioeconomic factors, depressive symptoms, and 

cytokines in patients diagnosed with hepatocellular carcinoma (HCC).

Methods: A total of 266 HCC patients were administered a battery of questionnaires including a 

sociodemographic questionnaire and the Center for Epidemiologic Studies Depression (CES-D) 

scale. Blood samples were collected to assess serum levels of cytokines using Luminex™. 
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Descriptive statistics, Mann-Whitney U, Kruskal-Wallis, linear regression, and Bonferroni 

corrections were performed to test the hypotheses.

Results: Of the 266 patients, 24% reported clinically significant depressive symptoms (CES-

D≥22). Females had higher CES-D score than males (Mann-Whitney U=7135, p=.014, padj=.028). 

Being unemployed/ disabled (Kruskal-Wallis=14.732, p=.001, padj=.005) was found to be 

associated with higher depressive symptoms in males, but not in females. Serum level of IL-2 

(Kruskal-Wallis=17.261, p=.001, padj =.005) were found to be negatively associated with 

education level. Cytokines, however, were not significantly associated with depressive symptoms. 

Gender (β=.177, p=.035), income (β=−.252, p=.004), whether the patient’s income met their basic 

needs (β=.180, p=.035) and IL-1β (β=−.165, p=.045) independently-predicted depressive 

symptoms and together explained 19.4% of variance associated with depressive symptoms.

Conclusions: Sociodemographic and SES factors were predictive of inflammation and 

depressive symptoms. Recommendations include the development of gender-targeted interventions 

for HCC patients who have low SES and may suffer from depressive symptoms.
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Background

Socioeconomic disparities in the United States (US) have been growing since 1975.1 

Socioeconomic factors, including low income, unemployment and low education, contribute 

significantly to poorer survival rates in cancer patients.1–3 Not only are socioeconomic 

disparities in cancer prevalent in the US, but they are also a rising concern worldwide. 

Studies in Germany, Canada, and China have demonstrated that low socioeconomic status 

(SES) in cancer patients predicts higher rates of cancer-related symptoms, lower health-

related quality of life (HRQoL), and shorter survival.4–7 Given the prevalence of 

socioeconomic disparities globally, it is important to understand the role these disparities 

play in HRQoL and inflammation linked to survival after the diagnosis of cancer.

Socioeconomic status refers to “the placement of persons, families, households, and census 

tracts or other aggregates with respect to the capacity to create or consume goods that are 

valued in our society”.8,9 Therefore, SES can be measured by factors such as education, 

employment status, and income, which can also be influenced by gender, ancestry, and 

ethnicity.8–10

Of all cancer-related symptoms, the National Institute of Health (NIH) State of the Science 

consensus statement concluded that depression is one of the three most common and 

debilitating symptoms in cancer patients, with prevalence up to 50% (which is seven times 

higher than the general population).11 Depression is prevalent in patients with advanced 

stages of cancer, particularly in those who have pancreatic, lung or liver cancer.12 Diagnosis 

of depression during the treatment phase of cancer has also been associated with higher odds 

of emergency room visits, hospitalizations, outpatient visits and mortality.13–15
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Research on disparities in cancer has focused on gender and race, but only a few studies 

have examined socioeconomic factors such as income and education.16–19 Low SES, as 

measured by income and ownership of a home or car, predicted higher levels of depressive 

symptoms in breast, prostate and colorectal cancer patients.16 Similarly, in a gynecologic 

cancer population in Thailand, lower income was associated with a higher prevalence of 

depression.17 A lower level of education was also reported to be associated with a higher 

depressive severity in lung cancer patients.18 Although there is some evidence that low SES 

can lead to a higher risk of depression, Maneeton and colleagues reported that having more 

than 13 years of education was associated with an increased risk of depression across a 

heterogeneous sample of cancer patients.19,20 Due to the inconsistent results regarding how 

SES may influence the risk of depression, further research is warranted in this area.

Several cytokines including IL-1ß, TNF-α and IFN-γ have been reported to be related to 

depressive disorders.21 Associations between depression and cytokines have also been found 

in cancer patients, but there is a lack of data available regarding the link between SES and 

serum levels of cytokines linked to depressive disorders.22–25 Understanding the relationship 

of SES and cytokine levels is vital to investigating the biological mechanisms underlying 

depression as healthy individuals with low SES have been reported to have an immune 

system dysregulation.26,27 Furthermore, studies have found that individuals with low SES 

consistently experience more stress and depression, which lead to increased serum levels of 

pro-inflammatory cytokines.28 Therefore, research is warranted to investigate whether SES 

and/or depressive symptoms are linked to inflammation or if SES may serve as a moderator 

of depressive symptoms and inflammation.

Although studies have reported that lower SES leads to higher risk of depression and lower 

survival in cancer patients, the biological mechanism underlying the link between 

socioeconomic factors and increased risk of mortality remains elusive. According to Alder 

and Stewart’s social model of SES and health displayed in Figure 1, four pathways including 

(1) access to medical care, (2) exposure to carcinogens and pathogens, (3) health-related 

behaviors, and (4) central nervous system and endocrine response to stress can be the 

mechanisms through which SES indirectly leads to poor health outcomes.9 While Alder and 

Stewart proposed that patients from lower SES likely have environmental restraints and 

psychological influences that lead to these four pathways, gaps remain in the understanding 

of potential interactions of SES factors and pathways involved.9

Because it is the second leading cause of death from cancer globally and is rising in 

incidence in the US, patients diagnosed with hepatocellular carcinoma (HCC) were chosen 

for examination.29 Patients with HCC are often diagnosed at advanced stages, which is 

linked to poor prognosis and a higher risk for depression.29 Moreover, within the US, more 

HCC patients come from lower SES backgrounds due to the risk factors involved in the 

development of this cancer (e.g., alcohol, hepatitis C, and obesity).29 Therefore, it is urgent 

to understand SES disparity of depression and associated inflammation in the context of 

HCC to shape the development of targeted intervention. The overall aims of the study were 

to (1) examine the sociodemographic (age, gender, race) and socioeconomic (education, 

employment status, income) predictors of depressive symptoms; (2) investigate the 

differences in serum levels of cytokines that are linked to depression, tumor growth, or 
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development of metastases in cancer (IL-α, IL-1β, IL-2, IL-6, IL-10, TNF-α, IFN-γ)21–27 

across sociodemographic and economic factors; (3) test the link between depressive 

symptoms and serum levels of cytokines; and (4) determine the independent predictors of 

depressive symptoms among the HCC patients.

Methods

Design

Data from two previous prospective studies were used for secondary analyses 

(K07CA118576; R01CA176809). Although the two prospective studies enrolled participants 

with a wide spectrum of gastrointestinal cancer, only data from HCC patients were analyzed 

for this study. The recruitment periods were January 2008-November 2011 and November 

2012-June 2014. For the purpose of this study, only data collected prior to cancer treatment 

was analyzed in order to control for dysregulation of serum cytokine levels that may be 

affected by treatment. Recruitment rates were 261/340 (76%) and 541/967 (56%) 

respectively for the two studies (K07CA118576; R01CA176809).

Participants

A total of 266 participants were recruited from the University of Pittsburgh’s Liver Cancer 

Center by physician referral during their initial visit in the clinic. Inclusion criteria included 

patients who were (1) diagnosed with HCC, (2) older than 21, and (3) fluent in English. 

Exclusion criteria included patients who had (1) already initiated treatments for cancer and 

(2) evidence of psychiatric symptoms including thought disorders, hallucinations and 

suicidal ideation.

Instruments/ Assessment

Sociodemographic factors—A 19-item sociodemographic questionnaire was used to 

collect information regarding patients’ age, gender, race, and SES. Socioeconomic status 

was measured by education, employment status and income (gross household income/ 

whether income met basic needs).

Depression—A 20-item Center for Epidemiologic Studies Depression (CES-D) scale was 

used to evaluate levels of depressive symptoms of participants in the week prior to 

assessment. Single items like “I felt depressed” were rated on a 4-point Likert scale, from 0 

= “rarely/none of the time” to 3 = “most/all of the time”. The total score ranged from 0 to 

60, with a higher score indicating higher presence of depressive symptoms quantitatively.
30–31 Clinically significant level of depression was set at a score ≥22, as it has previously 

demonstrated high sensitivity.32 The CES-D is valid and has a high level of internal 

consistency and reliability across culture and languages, and has been used in clinical 

settings.30–32

Cytokines—Blood samples of participants were collected within two weeks of their initial 

assessment with instruments described above. Samples were processed, aliquoted and frozen 

at −80°C. Serum levels of cytokines of interest were assessed using Luminex™ beadset 

(Millipore Corporation, Billerica MA and Luminex 100 IS apparatus, Austin TX). A 
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standard curve using recombinant cytokines in the Millipore multi-plex kit 

(HCYTOMAG-60K) were generated for each assay and compared to normal controls 

(collected from previous studies). The Millipore multi-plex kit uses a standard curve range 

of 3.2 to 10,000 pg/ml for all cytokines/chemokines. Standard curve concentrations and 

Minimum Detectable Concentration (MinDC) were calculated using Milliplex Analyst 5.1 

software. MinDC is determined by calculating the lowest detection limit assuming an 

infinite number of standards run under the same assay conditions. The MinDC for individual 

cytokines measured in the study are 9.4pg/ml (IL-1α), 0.8pg/ml (IL-1β), 1pg/ml (IL-2), 

0.9pg/ml (IL-6), 1.1pg/ml (IL-10), 0.7pg/ml (TNF-α) and 0.8pg/ml (IFN-γ).

Procedures

The protocol from which data were derived was approved by the University of Pittsburgh 

Institutional Review Board (PR007050143 and PR012060036). If the patient was visiting 

the clinic as a new patient and met inclusion criteria, he/she was asked by the physician to 

speak with the study team. If the patient agreed, he/she was enrolled following Good 

Clinical Practice (GCP) and asked to complete a battery of questionnaires and provide blood 

samples. Each patient was compensated $25 for each set of questionnaires and each blood 

sample.

Data Analyses

Statistical Package for the Social Sciences Version 22 (Armonk, NY) was used to enter, 

verify and analyze all data. Race was coded into “White” and “minorities” (which included 

African American, Native American, Pacific Islander, and Asian). Education was coded into 

“less than high school”, “high school or GED graduate”, and “some college or above”. Gross 

household income data was coded into five ranges: “under $10,000”, “$10,000-$19,999”, 

“$20,000 to $29,999”, “$30,000-$49,999”, and “$50,000 or over” per year. Responses to 

whether income meets basic needs were coded into “yes” and “no”. Current employment 

status was categorized into “employed”, “unemployed/disabled” and “retired”.

Descriptive statistics were used to provide a summary of central tendency as well as 

dispersion of data. Differences in the level of depressive symptoms were first analyzed 

separately by age using Kruskal-Wallis test and by gender/race using Mann-Whitney U test. 

Since there were statistically significant differences on depressive symptoms by gender, 

subsequent analyses of depressive symptoms and other socioeconomic variables were 

analyzedby gender. Since the CES-D score was non-normally distributed, Mann-Whitney U 

and Kruskal-Wallis tests were performed to examine between-group differences in CES-D 

scores by socioeconomic factors. Cytokine levels were also first analyzed separately by age 

using Kruskal- Wallis test and by gender/race using Mann-Whitney U test. Since there was 

no statistical difference on levels of cytokines by age, gender, or race, subsequent analyses 

on biomarkers were performed without covarying age, gender, or race. Mann-Whitney U 

tests were used to analyze differences in cytokines across socioeconomic groups as well as 

associations between clinical levels of depression and cytokines. Univariate and multivariate 

linear regression models were used to test sociodemographic predictors of depressive 

symptoms. Bonferroni corrections were done on all significant p-values to correct for 

multiplicity.
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Results

Descriptive statistics of SES factors and HCC etiology of participants

A total of 266 patients diagnosed with HCC were eligible for this study. The average age of 

the participants was 63 (SD=10.26, range:30–93 years). Of the 266 patients, 56 (21.1%) 

were female, 67 (25.2%) had education less than high school, 86 (32.2%) were unemployed 

or disabled, 35 (13.2%) had income less than $10,000, and 50 (18.8%) had income that did 

not meet their basic needs. In terms of disease-specific factors, the majority of patients had 

hepatitis C virus (HCV) induced HCC (n=73, 26.9%), cirrhosis (n=221, 81.5%), one liver 

lesion (n=94, 34.7%), and no vascular invasion (n=183, 67.5%). Detailed descriptive 

statistics regarding the SES and disease-specific factors are displayed in Table 1. A 

significant difference was found across risk factors for SES including current employment 

status (χ2=18.78, p=0.005), with hepatitis C patients being more likely to be unemployed or 

disabled (50%) than patients with other risk factors such as hepatitis B (12%), alcohol 

(20.8%), or non-alcoholic steatohepatitis (NASH) (37.1%).

Difference in depressive symptoms across socioeconomic groups

The mean CES-D total score was 14.5 (SD=10.64, range: 0–47). Among the 266 patients, a 

total of 64 (24%) reported clinically-significant depressive symptoms (CES-D total ≥22). Of 

all female patients, 33.9% reported clinically-significant depressive symptoms as opposed to 

only 21.4% in male patients. When depressive symptoms were analyzed, gender (Mann-

Whitney U=7135, p=.014, padj=.028), but not age or race, was associated with CES-D 

scores. Therefore, the association of all socioeconomic factors and depressive symptoms 

were analyzed separately by gender.

For male HCC patients, a significant association was observed between employment status 

and depressive symptoms (Kruskal-Wallis =14.732, p=.001, padj=.005). Male patients who 

were unemployed/disabled reported the highest number of depressive symptoms when 

compared to those who were employed or retired. Gross household income (Kruskal-

Wallis=11.429, p=.022, padj=.11) and whether income met the patient’s basic needs (Mann-

Whitney U=3621, p=.028, padj=.14) were initially found to be significantly associated with 

depressive symptoms in males, but after Bonferroni adjustment these relationships were no 

longer significant. Similarly, education level was not found to be associated with depressive 

symptoms in males (Kruskal-Wallis=1.61, p=0.45). The significant differences in depressive 

symptoms across gender and employment status (in male) are illustrated in Figure 2.

For female HCC patients, none of the socioeconomic factors including education (Kruskal-

Wallis=3.747, p=.154), employment status (Kruskal-Wallis=1.123, p=.57), gross household 

income (Kruskal-Wallis=7.02, p=.135) or whether income met the patients’ basic needs 

(Mann Whitney U=330, p=.25) was found to be significantly linked to depressive symptoms.

Socioeconomic factors and cytokines

The descriptive statistics of serum levels of cytokines in pg/mL among the 266 participants 

are IL −1α (mean=223,SD=1738,range=0–20758); IL-1β (mean=284,SD= 1170,range=0–

11655); IL-6 (mean=119.59, median=23, range=3–6346); IL-2 (mean=69,SD=336,range=0–
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3965); IL-10 (mean=15,SD=27,range=0–234); IFN-γ (mean=107,SD=1052,range=0–

12864); TNF-α (mean=62,SD=228,range=2–2179). Spearman correlation was used to test 

the correlation between SES factors, and a significant correlation was observed between the 

number of years of education and income level (rho=0.290, p=0.01). Kruskal-Wallis tests 

were employed to analyze the association between socioeconomic variables and serum 

levels of cytokines without differentiating by age, gender or race, as these factors were not 

significantly associated with cytokines in the study cohort. Of all socioeconomic factors, 

only education was found to be significantly associated with serum levels of IL-1α , IL-1β, 

IL-2, and IL-10. Hepatocellular carcinoma patients who had an education of less than high 

school had significant elevations in serum levels of cytokines including IL-1α , IL-1β, IL-2, 

and IL-10, in comparison to those who were high school/GED graduates or had an education 

of at least some college. However, with a Bonferroni correction, only serum levels of IL-2 

remained significantly associated with education level. Moreover, there was no significant 

association between education and serum levels of IL-6, TNF-α or IFN-γ. Furthermore, 

employment status, gross household income and whether income met the patients’ basic 

needs were not significantly associated with any cytokine. Similar results were observed 

using multiple regression in log-transformed cytokines data.

Association of depressive symptoms and cytokines

Mann-Whitney U tests revealed no significant difference between those with or without 

clinical levels of depressive symptoms and levels of IL-1α (Mann-Whitney U=2481, 

p=.320), IL-1-β (Mann-Whitney U=3160, p=.388), IL-2 (Mann-Whitney U=2861, p=.465 ), 

IL-6 (Mann-Whitney U=523.5, p=.359), IL-10 (Mann-Whitney U=3171, p=.399), TNF-α 
(Mann-Whitney U=1791.5, p=.863) or IFN-γ (Mann-Whitney U=2381, p=.805) when 

analyses were performed by gender.

Predictors of depressive symptoms

Linear regression analysis was performed to examine predictors of depressive symptoms in 

HCC patients. Socio-demographic and economic factors that were significantly related to 

depressive symptoms (gender, employment status, income, whether income met basic needs) 

or cytokines (education, and IL-1β, etc.) in univariate analyses were entered into the 

multivariable linear regression. Altogether, these factors accounted for 19.4% of the variance 

of depressive symptoms in patients diagnosed with HCC. The factors that independently 

predicted an increase of depressive symptoms included female gender (β=.177, p=.035), 

gross household income less than $10,000 (β=−.252, p=.004), income that did not meet 

patients’ and families’ basic needs (β=.180, p=.035) and elevation of IL-1β (β=−.165, 

p=.045).

Conclusions

Few studies have examined the associations between SES, depression, and biomarkers of 

inflammation in the context of cancer. In our study, 1.5 times as many female HCC patients 

demonstrated clinically relevant depressive symptoms when compared to male HCC 

patients, which is slightly less than in the general population.33,34 We found that 

employment status was only significantly associated with depression in males, but not in 
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female patients, which has not been previously reported. This finding may reflect the 

increased stress that males may experience due to gender roles, particularly being the 

primary provider for the family. Based on these findings, targeted and tailored interventions 

to reduce depressive symptoms are warranted to treat those from underserved populations to 

maintain HRQoL and potentially improve survival.35

An alternative explanation for the lower percentage of depressive symptoms reported in this 

study cohort than in the general population may be the higher CES-D cutoff used in this 

study. The original cutoff for depression measured by the self-report instrument was CES-

D≥16.30–31 In a later study, researchers found that a cutoff of CES-D≥ 22 is more sensitive 

to clinically significant depression (sensitivity 84%, specificity 60%).32 While study patients 

may not have high level of depressive symptoms or Major Depressive Disorder (MDD), 

some of them may experience subclinical levels of depression (16 ≤CES-D ≤21) . 

Furthermore, CES-D used in this study measures depressive symptoms with an instrument 

and cutoff set by previous research, but is not a clinical diagnosis of MDD or Mood Disorder 

due to Medical Condition. A structured clinical interview is recommended for future studies 

to obtain a more accurate diagnosis of depression. Due to the complexity of depression and 

the difference in symptoms displayed, studying the link between depression and 

inflammation by including the somatic, cognitive, and emotional symptoms of depression 

may provide insights into the mechanisms that underlie depression.36

Consistent with prior research in the general population and in colorectal cancer patients, 

serum level of IL-1β independently predicted depressive symptoms after adjusting for 

demographic and SES factors.21,25 In addition to its association with depressive symptoms, 

one explanation of such dysregulation can be due to HCC secondary to hepatitis B virus 

(HBV) and HCV infections, which make up 80% of HCC etiologies globally and 

approximately 50% of this sample.29 Alcohol dependence, which leads to alcoholic cirrhosis 

and serves as a contributing factor to HCC, has also been reported to significantly elevate 

chronic level of IL-1β which may explain the elevation of IL-1β in this cohort.37

On the other hand, some commonly elevated cytokines in depressed cancer patients were not 

detected in this study. One explanation may be differences in the inflammatory processes by 

cancer type. For example, elevation of IL-6 was reported in lung and breast cancer patients, 

yet dysregulation in IL-6, IL-1β and IL8 was observed in colorectal cancer patients.22,24–25 

Since HCC in the US is a rare cancer type, few studies have a large enough sample to 

investigate these factors. Another explanation of undetected inflammation may be due to 

unaccounted for tumor-associated inflammation, which may fluctuate as the disease 

progresses. Therefore, regulatory T cells or myeloid-derived suppressor cells should be 

included in future studies to adjust for global elevations in cytokines due to tumor. Lastly, a 

recent study on cytokine levels of patients with MDD and chronic illness (compared with 

those of matched controls) found that there is no significant association between measures of 

systemic inflammation.38 The authors of the study hypothesized that MDD can be induced 

by comorbid inflammatory processes mediated by elevated serum cytokines.38 Future 

studies should recruit otherwise healthy MDD patients as matched controls to study the 

change of inflammatory cytokines in depressed cancer patients.

Cheng et al. Page 8

Psychooncology. Author manuscript; available in PMC 2020 May 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Even though multiple studies reported that low SES is associated with overall inflammation 

in the general population, we found that only education was robustly related to serum levels 

of IL-2.39 These findings reflect that cytokine levels in the serum may not be explained by 

current SES but rather the early-life SES of an individual as it has been previously reported 

that lower early-life SES can lead to general elevation of cytokine levels in adulthood.40 

Since lower educational attainment of parents, which is reflective of an individual’s early 

life SES, is often linked to lower educational attainment of their children, early life SES may 

explain the significant association between IL-1α, IL-1β, IL-2 and IL-10 and educational 

levels, but not other socioeconomic factors.

Study limitations

One major limitation to the current study is the absence of covariates for lifestyle factors 

such as smoking, alcohol consumption and obesity. Since these lifestyle factors have 

previously been reported to predict the risk of HCC, they should be included in multivariate 

regression models to better understand the relationship among depression, inflammation and 

SES factors in HCC populations.

Another limitation is the under-representation of some sociodemographic (e.g. minorities) 

and socioeconomic (e.g. low education/income, unemployed) groups, which does not 

represent HCC populations worldwide. The few patients from racial minority backgrounds is 

alarming as it may signal the lack of access to health care. In the future, multi-site studies 

can be done to improve diversity of the study cohort. Furthermore, longitudinal analyses 

could be performed to examine how depressive symptoms and cytokine levels change over 

the course of the disease.

Clinical implications

Overall, future investigations on the impact of SES on depressive symptoms and on the 

immune system in cancer patients is warranted, as findings may have several clinical 

implications. First, understanding differences with regard to socioeconomic factors and 

depression among cancer patients across SES can facilitate the targeting of interventions to 

at-risk populations to improve HRQoL and potentially survival. Targeting those most at risk 

for poor health outcomes is cost-effective. Since most studies examining the association 

between depressive symptoms and serum levels of cytokines were conducted in healthy 

individuals, studies that focus on depressive symptoms and cytokines may provide insights 

to the development of immune- or pharmacological therapies that target cancer patients with 

comorbid depression. Finally, studies on SES, depression, and immunity will enhance the 

emerging research concerning heath disparities to understand the interaction of multiple 

socioeconomic factors as well as other sociodemographic factors which may facilitate the 

prevention of these disparities as well as to strategically target the health consequences of 

these disparities
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Figure 1. The model of SES on depression and inflammation (extracted from health disparities 
model by Alder & Stewart, 2010).
This model was originally published by Alder and Stewart in 2010 to display how SES 

disparities may influence health over a person’s life span. The dotted-lined regions of the 

diagram represent the model examined in this study.
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Figure 2. Significant association of various socioeconomic factors and CES-D total.
(a) Gender was found to be significantly associated with CES-D total. (b) Employment 

status was found to be significantly associated with CES-D total in male.
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Table 1.

Socioeconomic and disease specific characteristics of participants (N = 266).

Age (years) 62.91 (SD = 10.26, range 30 – 93)

Gender (n (%))

 Male 210 (78.9)

 Female 56 (21.1)

Race (n (%))

 White 219 (82.3)

 Minorities 38 (14.3)

Education level (n (%))

 Less than high school 67 (25.2)

 High school of GED graduate 68 (25.6)

 Some college or above 119 (44.7)

Employment status (n (%))

 Employed; full time/ part time 53 (19.9)

 Unemployed/ disabled 86 (32.3)

 Retired 101 (38.0)

Gross household income (n (%))

 Less than $10,000 35 (13.2)

 $10,000-$19,999 31 (11.7)

 $20,000-$29,999 32 (12.0)

 $30,000-$49,999 54 (20.3)

 Over $50,000 77 (28.9)

Income meets basic needs (n (%))

 Yes 202 (75.9)

 No 50 (18.8)

HCC etiology (n (%))

 Hepatitis C 73 (26.9)

 Hepatitis B 9 (3.3)

 Alcohol 30 (11.1)

 NASH 24 (8.9)

 Cryptogenic 61 (22.5)

 Hepatitis C & alcohol 30 (11.1)

 Hepatitis C & NASH 1 (0.4)

 Alcohol & NASH 1 (0.4)

 Hepatitis B & Hepatitis C 2 (0.7)

 Hepatitis B & Hepatitis C & alcohol 1 (0.4)

 Hepatitis B & alcohol 2 (0.7)

 Hemochromatosis 7 (2.6)

 Cryptogenic & NASH 2 (0.7)

 Recurrence 2 (0.7)

 Autoimmune hepatitis 1 (0.4)

Psychooncology. Author manuscript; available in PMC 2020 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheng et al. Page 15

Age (years) 62.91 (SD = 10.26, range 30 – 93)

 Other 9 (3.3)

Cirrhosis (n (%))

 Yes 221 (81.5)

 No 50 (18.5)

Number of lesions (n (%))

 1 94 (34.7)

 2 47 (17.3)

 3 28 (10.3)

 4 11 (4.1)

 5 7 (2.6)

 More than 5 54 (19.9)

 None 16 (6.9)

Vascular invasion (n (%))

 Yes 58 (21.4)

 No 183 (67.5)
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Table 2.

Association of various SES factors and cytokine levels.

SES factors Cytokine Kruskal-Wallis Mann Whitney U p padj (Bonferroni)

Education IL-1α 7.83 - .02* .14

IL-1β 9.59 - .008* .056

IL-2 17.26 - <.001* <.007*

IL-10 6.46 - .04* .28

IL-6 .89 - .64 4.48

TNF-α .04 - .98 6.86

IFN-γ 5.51 - .06 .42

Employment status IL-1α 1.02 - .6 4.2

IL-1β 2.10 - .35 2.45

IL-2 2.17 - .34 2.38

IL-10 1.83 - .57 3.99

IL-6 5.20 - .45 3.15

TNF-α 0.27 - .32 2.24

IFN-γ 2.77 - .85 5.95

Gross household income IL-1α 5.64 - .24 1.68

IL-1β 5.71 - .23 1.61

IL-2 7.35 - .14 .98

IL-10 5.04 - .28 1.96

IL-6 2.21 - .07 .49

TNF-α 0.32 - .99 6.93

IFN-γ 8.77 - .08 .56

Whether income meets patients’ basic needs IL-1α - 1695 .85 5.95

IL-1β - 2079 .59 4.13

IL-2 - 1838 .57 3.99

IL-10 - 2162 .45 3.15

IL-6 - 669.5 .32 2.24

TNF-α - 1863 .57 3.99

IFN-γ - 1771 .73 5.11
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