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Abstract
Introduction/Background: Chronic diseases, like diabetes and heart disease, are considered inflammatory conditions with
elevated levels of the proinflammatory cytokines interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) and the anti-
inflammatory cytokine interleukin-10 (IL-10). Disease progression is not consistent from person to person. Psychosocial factors
are hypothesized to play a modifying role. Self-efficacy, the confidence in one’s ability to perform well in a specific life domain or at
a specific task, is associated with better health outcomes. Coping self-efficacy is confidence in one’s ability to handle life’s problems
through emotional regulation, problem-solving, and social support. Little is known about associations between coping self-efficacy
and inflammation. Aim: The purpose of this pilot study was to examine associations between coping self-efficacy and IL-6, IL-10,
and TNF-a levels. Method: This was a cross-sectional study conducted over two visits. Sociodemographic variables, chronic
disease count, body mass index (BMI), and coping self-efficacy were collected. Inflammatory markers were collected via sweat
using the sweat patch, a noninvasive collection device. Results: Higher TNF-a and IL-10 levels were significantly associated with
low coping self-efficacy (b ¼ �.03, p ¼ .028; b ¼ �.017, p ¼ .007, respectively) after adjustment for age, sex, race, BMI, and
chronic disease count. IL-6 trended toward significance after adjustment as well (b ¼ �.22, p ¼ .054). Conclusions: This pilot
study showed that high coping self-efficacy was associated with lower IL-6, IL-10, and TNF-a levels, indicating a potential buffering
effect of high coping self-efficacy. Further longitudinal research with larger sample sizes is needed.
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Half of all adults in the United States have a chronic condition

(Ward, Schiller, & Goodman, 2014). This number is growing

as the population ages and as younger cohorts become more

obese (Gerteis et al., 2014). Many of these chronic conditions,

like diabetes and heart disease, are also inflammatory condi-

tions (Everett et al., 2013; Lukic et al., 2014). In these condi-

tions, the body exhibits elevated levels of proinflammatory

cytokines such as interleukin-6 (IL-6) and tumor necrosis fac-

tor alpha (TNF-a). Recently, investigators identified IL-6 as

one of the single best cytokine predictors of all-cause mortality

in a large cohort study (Varadhan et al., 2014). Interleukin-10

(IL-10) is an anti-inflammatory cytokine that researcher has

regularly evaluated in chronic disease, especially as part of a

ratio with IL-6 in order to look at pro- versus anti-inflammatory

activity (Taniguchi et al., 1999). Each of these cytokines is a

part of the nuclear factor kappa B inflammatory system. TNF-a
helps to initiate the system, IL-6 is a downstream proinflam-

matory product, and IL-10 is potentiated through the system as

part of the system’s homeostatic mechanism for downregula-

tion (Moynagh, 2005; Saraiva & O’Garra, 2010).

Not all persons experience the same rate of disease and

inflammatory progression. Psychosocial factors play key roles

in disease progression. One such factor is self-efficacy, which

is defined as confidence in one’s ability to perform a specific

task well or function well within a particular life domain (Ban-

dura, 1997). Self-efficacy may be developed in four distinct

ways: through personal mastery, verbal persuasion, vicarious

experience, and physiological feedback. The concept of self-

efficacy is the centerpiece of Bandura’s social cognitive theory,
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which addresses how people obtain behavioral, emotional, cog-

nitive, and social ability and how they motivate and regulate

their behavior, generating social systems that organize and

structure their lives (Bandura, 1993, 1997). Research has

shown that increases in self-efficacy are associated with posi-

tive health outcomes such as decreases in blood glucose in

diabetic patients (Zulman, Rosland, Choi, Langa, & Heisler,

2012) and increased cardiac function in patients with heart

disease (Sarkar, Ali, & Whooley, 2009). There are also suc-

cessful self-management programs (such as the Chronic Dis-

ease Self-Management Program) based on self-efficacy theory,

which aim to improve self-efficacy as a way to improve the

effects of chronic disease (Lorig, Ritter, Villa, & Armas, 2009).

One particular form of self-efficacy, known as coping self-

efficacy, involves a person’s confidence in their ability to cope

with challenging situations using problem-solving, emotional

regulation, and social support (Chesney, Neilands, Chambers,

Taylor, & Folkman, 2006).

Although we know that inflammation and chronic disease

are highly associated and that self-efficacy and chronic disease

are also highly associated, there is little known about the asso-

ciation between self-efficacy and inflammation. In the 1980s,

Bandura and colleagues conducted a series of experiments to

evaluate the hypothesis that self-efficacy mediates the effects

of environmental factors on our physiology. This hypothesis

stems from Bandura’s understanding that individuals obtain

self-efficacy partially via physiological feedback. This work

showed clear attenuation of catecholamine secretion and heart

rate, representing the sympathetic nervous system (SNS) and

hypothalamic–pituitary–adrenal axis, in the presence of high

coping self-efficacy. The data around immune system

responses and inflammation, however, were more mixed

(Bandura, Cioffi, Taylor, & Brouillard, 1988; Bandura, Taylor,

Williams, Mefford, & Barchas, 1985). In one experiment

(N ¼ 20), subjects with low coping self-efficacy were adminis-

tered an intervention to aid in the attainment of greater coping

self-efficacy. During the self-efficacy acquisition period,

investigators observed increases in immune markers like

T-cell and B-cell quantities and IL-2, a proinflammatory cyto-

kine. Once subjects attained mastery (and subsequent higher

coping self-efficacy), the immune system and inflammatory

responses started to attenuate but did not return to baseline

(Wiedenfeld et al., 1990).

In contrast, Mausbach and colleagues (2011) more recently

found a cross-sectional association between high coping self-

efficacy and lower serum IL-6 levels in older adult caregivers

with high levels of role stress. These findings are somewhat

incongruent with those of Bandura, and they are difficult to

compare to each other given the differing study designs, out-

comes variables, and patient populations.

Therefore, the purpose of the present pilot study was to

examine the association between coping self-efficacy and

levels of the inflammatory cytokines IL-6, IL-10, and TNF-a
in adults over a range of ages. We hypothesized that higher

coping self-efficacy would be associated with lower levels of

IL-6, IL-10, and TNF-a.

We opted to collect the biospecimens using sweat for the

present study. Sweat is a rich source of physiologic data and

allows for biospecimen collection that is noninvasive, avoids

diurnal rhythms, and is well tolerated (Hladek et al., 2018).

Consequently, there is growing interest in sweat as a biospeci-

men source in biologic and metabolomic research (Mena-

Bravo & Luque de Castro, 2014). Prior researchers have

quantified cytokines, cortisol, and electrolytes in sweat (Wilke,

Martin, Terstegen, & Biel, 2007). Of particular relevance to

this study, Cizza and colleagues (2008) and Marques-Deak and

colleagues (2006) examined correlations between sweat and

plasma concentrations of nine analytes (including TNF-a
and IL-6) and found a high level of correlation between the

two sources (Cizza et al., 2008; Marques-Deak et al., 2006).

Method

Design and Participants

This study was cross sectional and conducted over two visits

separated by 72 hr. During the first visit, we determined elig-

ibility, obtained consent, and collected survey data. We

recruited participants from two sites in May and June 2016: a

senior independent-living facility in Maryland and the Johns

Hopkins School of Nursing. We excluded potential participants

who were undergoing active cancer treatment, had been diag-

nosed with a terminal illness, or were cognitively impaired.

The Johns Hopkins Internal Review Board approved this study

(IRB00095668). Participants received a US$25 gift card for

their participation.

Sociodemographic Data, Chronic Disease,
and Self-Efficacy Variables

The sociodemographic data we collected included age, sex,

race, and ethnicity. We also collected height and weight by

self-report and used those data to calculate body mass index

(BMI). We measured chronic disease using a simple numerical

count of the number of self-reported medical problems, which

has been shown to be an effective and efficient measure of

chronic disease (de Groot, Beckerman, Lankhorst, & Bouter,

2003; Huntley, Johnson, Purdy, Valderas, & Salisbury, 2012).

To measure coping self-efficacy, we used the Coping Self-

Efficacy Scale, a 13-item scale with a 10-point Likert-type

response option with 1 representing not at all confident, 5

representing moderately confident, and 10 representing totally

confident (Chesney et al., 2006). The scale contains three sub-

domains for problem-solving, emotional regulation, and social

support, with Cronbach’s internal consistency coefficient as of

.91, .91, and .80 for these subdomains, respectively. One exam-

ple item is, “When things aren’t going well for you, or when

you’re having problems, how confident or certain are you that

you can break an upsetting problem into smaller parts?” The

coping self-efficacy score is calculated as the mean score of the

13 items. For the present analysis, we dichotomized the coping

self-efficacy mean into high and low coping self-efficacy (<
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7.0 vs. �7.0) to look at group effects consistent with past self-

efficacy-based research (Mausbach et al., 2011). This cutoff

value of 7.0 was chosen based on clinical use in self-

management programs.

Materials and Physiological Biomarkers

To collect sweat, we used a sweat patch (PharmChem, Fort

Worth, TX), a nonocclusive, hypoallergenic, Band-Aid-like

device with a semipermeable membrane that allows liquid to

evaporate and traps proteins, metabolites, and other biospeci-

men data in its white absorption pad. The sweat patch is US

Food and Drug Administration (FDA) approved and has been

used in addiction medicine for the collection of drug metabo-

lites since 1990 (Concheiro, Shakleya, & Huestis, 2011).

Sweat patch placement, removal, and transport. During the first

visit, after screening for eligibility, obtaining consent, and com-

pleting survey data, we applied the sweat patch to cleaned skin

on the abdomen or flank according to participant preference (the

two sites having similar quantities of eccrine sweat glands). We

chose the abdomen due to its low level of SNS innervation to

avoid sweat capture due to SNS activity (Sonner et al., 2015).

Participants could shower and perform their daily activities, but

we asked them to avoid vigorous activity so that we captured

only insensible sweat loss, not exercise-induced sweat loss. Dur-

ing the second visit, 72 hr later (with a +1-hr window), we

removed the patch and immediately placed it on dry ice. We

then transported it to a �80 oC freezer until extraction.

Sweat patch extraction techniques. For this study, we used the

Gill lab sweat patch extraction protocol (Hladek et al., 2018).

The sweat patches were placed in 5-mL conical tubes with

3 mL of buffer comprised of phosphate-buffered saline with

0.1% Tween 20 and 0.2% bovine serum albumin. The buffer

and patch were rotated on ice for 20 min and then centrifuged at

3,000 g for 3 min at 4 �C. The samples were then divided into

250-μL aliquots and stored in a �80 �C freezer.

Laboratory studies. IL-6, IL-10, and TNF-a sweat extractions were

measured with an ultrasensitive single-molecule enzyme-linked

immunoarray (Simoa™, Quanterix Corporation, Lexington, MA)

using a method previously described (Rissin et al., 2011). The

Cytokine 3-Plex A digital immunoassay kit was used to detect the

presence of otherwise scant levels of the three proteins. The sam-

ples were all run in duplicate. The minimum limit of detection was

.008 pg/mL for IL-6, .003 pg/mL for IL-10, and .015 pg/mL for

TNF-a. For confidentiality, the data remained deidentified, and

the laboratory staff who executed the experiment were blinded

to any participant sociodemographic data.

Data Analyses

Model building was guided by current literature and the best

subsets method of minimum Akaike information criterion cal-

culation for model parsimony. Model checking showed that the

main dependent variables of IL-6, IL-10, and TNF-a were all

approaching normal distribution; therefore, linear regression was

used for analysis. Collinearity was checked for all covariates

with variance inflation factors all less than 1.5. The final multi-

ple linear regression model included age, race, sex, BMI, and a

comprehensive count of medical problems. As this was a pilot

study, no power analysis or sample size calculation was done.

Results

We recruited 49 adults with a mean age of 50.9 + 25.9 years,

including 9 men and 40 women. A majority (69.3%) of the

sample identified as White. Their mean BMI was 26.4 +
7.4 kg/m2, and the average number of chronic conditions was

2.4 + 2.9. We compared sociodemographic data between par-

ticipants with low and high self-efficacy scores, as shown in

Table 1, and found that chronic disease count was the only

covariate significantly associated with the main independent

variable of coping self-efficacy (p ¼ .023). Cronbach’s a for

the Coping Self-Efficacy Scale for this sample was .90.

We included only samples with a coefficient of variance

(CV) less than 20% in the final cytokine analyses, which

amounted to 88%, 92%, and 73.5% of the samples for IL-6,

IL-10, and TNF-a, respectively. Average CVs for IL-6, IL-10,

and TNF-a were 6.7%, 6.3%, and 6.7%, respectively. We

found no differences between participants (in sex, race, age,

BMI, chronic-disease count, and coping self-efficacy) based on

whether they were included or omitted because of CV in any of

the three cytokine analyses. Intercorrelations between the cyto-

kines were as follows: (1) between TNF-a and IL-6: .9450, (2)

between TNF-a and IL-10: .9745, and (3) between IL-6 and

IL-10: .9476.

We evaluated the associations of all covariates with the

cytokine outcome variables, as shown in Table 2. As expected,

age and chronic-disease counts were both positively associated

with each of the cytokines. The variables of sex, race, and BMI

were not associated with any of the cytokines.

Table 1. Sociodemographic Characteristics of Participants by Coping
Self-Efficacy Group.

Characteristic

Low
Self-Efficacya,

n ¼ 12

High
Self-Efficacy,

n ¼ 37
Total,

N ¼ 49

Age (years), mean (SD) 59.2 (23.3) 48.3 (25.8) 50.9 (25.4)
Sex, male:female (% female) 2:10 (83.3) 7:30 (81.1) 9:40 (81.6)
Race, % White 66.7 70.3 69.3
BMIb (kg/m2), mean (SD) 26.6 (8.1) 26.4 (7.3) 26.4 (7.4)
Chronic disease count,

mean (SD)
3.8 (3.9) 1.92 (2.3) 2.4* (2.9)

Note. BMI ¼ body mass index.
aLow self-efficacy refers to an average score of 7.0 or lower on the Coping Self-
Efficacy Scale. High self-efficacy indicates a score of 7.1 or higher on the scale.
bBased on 43 observations, six persons did not provide their weight.
*p¼ .023, indicating that chronic disease count was significantly associated with
coping self-efficacy group.
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High self-efficacy was associated with lower mean levels of

sweat IL-6 (.070 pg/mL + .04), IL-10 (.061 + .02), and

TNF-a (.087 + .04) compared to low self-efficacy (.107 +
.02, .087 + .02, .131 + .02, respectively). Each of these

unadjusted regressions was statistically significant, indicating

that those with higher cytokine values were less likely to report

high coping self-efficacy (see Figure 1). These relationships

remained significant after adjustment for age, sex, race, BMI,

and chronic-disease count for IL-10 and TNF-a (b ¼ �.017,

p ¼ .007; b ¼ �.03, p ¼ .028, respectively). For IL-6, the

relationship with coping self-efficacy approached significance

(b ¼ �.22, p ¼ .054) following adjustment, and it remained

inversely associated with high coping self-efficacy. The ratios

of pro- versus anti-inflammatory cytokines were not sig-

nificantly different based on coping self-efficacy group

(see Table 3).

Discussion

In the present pilot study, we found an inverse association

between high coping self-efficacy and levels of three inflam-

matory cytokines: IL-6, IL-10, and TNF-a. These findings sup-

port the work of Mausbach et al. (2011) showing that high

coping self-efficacy buffered the effects of high role stress on

IL-6 in an older caregiver population. We expanded on that

previous work, however, by examining two pro- and one anti-

inflammatory cytokine, each of which showed significant asso-

ciations with coping self-efficacy. Further, the present study

directly evaluates the association between coping self-

efficacy and each of the cytokines rather than treating it as

an interaction term involving stress burden. It also expanded

the scope of the findings to include a larger age range.

The present study potentially aids in the interpretation of

Bandura’s early work showing concomitant increases in B

cells, T cells, and IL-2 as coping self-efficacy increased fol-

lowed by decreases in each as coping self-efficacy stabilized at

a higher level. It may be that the acquisition period for higher

coping self-efficacy is itself a stressor that causes subsequent

immune system changes. Once that acquisition work is com-

pleted, the immune system response decreases. And with

subsequent uses of that developed high coping self-efficacy

in the presence of an environmental stressor, it acts as a buffer

to the stressor on immune-system response, which is consistent

with the findings from both the present study and that of

Mausbach et al.

The potential that self-efficacy could directly affect physiol-

ogy or act as a buffer to environmental stressors on physiology

is compelling. Self-efficacy is a malleable state, meaning that it

can be increased and influenced throughout the life span. It

may be that increasing self-efficacy could lead to greater health

outcomes not only through its effect on health behavior but also

through its direct effect on physiology. Unlike taking medica-

tions to dampen inflammation, improving self-efficacy has no

deleterious side effects and may help in other realms of health

and wellness. All of these factors make self-efficacy a notable

potential treatment target for chronic diseases associated with a

high inflammatory burden that can be monitored with physio-

logic data such as inflammatory biomarkers.

There are several limitations to this study. First, it is cross

sectional, so we cannot establish causation or rule out the pos-

sibility that higher inflammation levels led to reports of lower

self-efficacy. Although understanding causal pathways

between inflammation and self-efficacy is important, it may

be more critical to determine whether an intervention that leads

people with low self-efficacy to obtain higher self-efficacy is

associated with subsequent buffering from inflammation or

decreased inflammatory biomarkers.

Second, the collection of cytokines in sweat is a novel

method for which there are limited data. Small studies have

shown some parallels between sweat and serum biomarker

findings with a select number of stress-related proteins includ-

ing cortisol, neuropeptide Y, and IL-6 (Cizza et al., 2008;

Marques-Deak et al., 2006; Wilke et al., 2007). It is also

unclear how the processes of sweat excretion, sweat rate, and

water loss through the skin itself are influenced by other bio-

logical and environmental factors (Heikenfeld, 2016; Mena-

Bravo & Luque de Castro, 2014). This dearth of knowledge

makes the clinical interpretation of these data challenging.

There is, however, a growing interest in the field of sweat

science, with a number of research groups exploring the use

of wearable sweat sensors, eccrine gland physiology, and pro-

tein partitioning into sweat (Mena-Bravo & Luque de Castro,

2014; Sonner et al., 2015).

Third, as a pilot study, this study included only 49 partici-

pants and involved no power analysis or sample-size calcula-

tions. These facts contribute to the need to repeat this study

with a larger sample size. Lastly, dichotomization of the coping

self-efficacy variable, while helpful with this small sample size

in looking at group effects, creates a loss of information about

individual differences and can make data interpretation more

difficult (MacCallum, Zhang, Preacher, & Rucker, 2002).

Despite these limitations, the fact that we found a relation-

ship between coping self-efficacy and levels of IL-6, IL-10, and

TNF-a measured in sweat patches in a small sample of adults is

intriguing, both for self-efficacy as an intervention target and

for the emerging field of sweat science (Cizza et al., 2008;

Table 2. Unadjusted Linear Regression Analyses Between Cytokines
and Covariates.

Covariate
IL-6,

b (p value)
IL-10,

b (p value)
TNF-a,

b (p value)

Age .001 (<.001) .0007 (<.001) .001 (<.001)
Sex (0 ¼ male,

1 ¼ female)
.005 (.772) .003 (.799) .005 (.809)

Race (0 ¼White,
1 ¼ non-White)

�.010 (.428) �.008 (.354) �.013 (.345)

BMI .001 (.091) .0005 (.325) .001 (.238)
Chronic disease

count
.008 (<.001) .005 (<.001) .007 (<.001)

Note. BMI¼ body mass index; IL¼ interleukin; TNF-a¼ tumor necrosis factor
alpha.
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Heikenfeld, 2016; Hladek et al., 2017; Marques-Deak et al.,

2006). Future studies with longitudinal designs and larger sam-

ples sizes will be helpful for this line of research.
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