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Abstract

Objective—This study examines the role of self-reported trait positive affect (PA) on skin barrier
recovery after skin disruption, and whether the role of trait PA in wound healing is consistent with
the direct effects model or the stress-buffering model of PA and health.

Design—Sixty healthy participants (mean age 22.7 £ 3.9 years) completed a self-report measure of
trait positive and negative affect, underwent a “tape-stripping” procedure that disrupts normal skin
barrier function, and were randomly assigned to a Stress (Trier Social Stress Test) or No Stress
(reading task) condition.

Main Outcome Measures—Skin barrier recovery was assessed by measuring transepidermal
water loss up to 2 hr after skin disruption.

Results—Multilevel modeling indicated that greater trait PA was related to faster skin barrier
recovery (p <.05). The effects of PA on skin barrier recovery were independent of levels of trait NA.

Conclusion—These findings suggest that trait PA may influence skin barrier recovery following
a brief stressor. In addition, these results provide additional evidence that trait PA can positively
impact objective health outcomes.

Keywords
acute stress; trait positive affect; wound healing; skin barrier recovery

The experience of positive affect (PA) is related to a variety of health benefits such as increased
longevity, decreased morbidity, and less experience of pain (reviewed in Pressman & Cohen,
2005). Several prospective studies show that PA predicts decreased morbidity, such as lower
incidence of stroke in older adults (Ostir, Markides, Peek, & Goodwin, 2001), and lower
incidence of developing symptoms of the common cold after inoculation with cold virus
(Cohen, Doyle, Turner, Alper, & Skoner, 2003). iThese studies importantly demonstrated that
the effects of PA are independent of disease processes, as participants were healthy at baseline,
and that dispositional or trait PA showed effects on morbidity independent of the effects of
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negative affect. Moreover, prospective effects of trait PA were observed in a range of health
outcomes (e.g., pregnancy outcomes, injury, stroke, and hospital readmission).

The specific mechanisms through which trait PA influences health operate through two general
frameworks proposed by Pressman and Cohen (2005). One proposed framework is a direct
effects model, in which trait PA impacts behaviors and biological systems relevant for health
in general, irrespective of its effects on responses to stress. For example, individuals with high
trait PA may be more likely to engage in health-promoting behaviors or have lower tonic levels
of catecholamines or glucocorticoid hormones. By contrast, in a stress-buffering model,
dispositional levels of PA may “buffer” against the harmful biological and health consequences
of exposure to stressors. Individuals with high trait PA may be able to cope more effectively
with stressful events and consequently, may not experience the negative health consequences
of psychological stress. This stress-buffering hypothesis is consistent with Fredrickson’s
“Broaden and Build” theory of positive emotions (Fredrickson, 1998), in which positive
emotions result in the building of social, intellectual, and physical resources by broadening
action tendencies and generating psychological resources (Salovey, Rothman, Detweiler, &
Steward, 2000). Thus, social and psychological resources available to individuals high in trait
PA may be drawn upon when challenged with stressful events. Regardless of whether PA
influences health through direct effects or by buffering stress, there is some evidence for
specific biological mechanisms that may tie PA to health, including neuroendocrine and
immune function (Cohen et al., 2003; Marsland, Cohen, Rabin, & Manuck, 2006; Steptoe,
Wardle, & Marmot, 2005).

An additional biological mechanism that may explain links between trait PA and health is
processes involved in skin repair and wound healing, which are clinically relevant and can be
measured in a brief period of time in healthy individuals. The skin is the largest organ of the
body. The outermost layer of the skin, the stratum corneum, has a number of protective
“barrier” functions, including defending against microbes; keeping the skin cohesive and intact
despite physical damage; protecting the interior against chemical absorption, ultraviolet rays,
and extreme temperature; and preventing water loss (Elias, 2005). If the skin barrier is
compromised by wounding, all the previously described functions are impaired, which further
impair recovery from skin damage, protection against future damage, and susceptibility to
infectious illness. Much like inflammatory processes, which have multiple effects on the
organism and are of considerable interest to health psychologists (Kiecolt-Glaser, McGuire,
Robles, & Glaser, 2002), problems with skin repair and wound healing extend to other
important biological activities that protect and preserve our health. More generally, wound
healing provides a model system for understanding the impact of psychological factors on
health within a short period of time.

Exposure to acute and chronic stress is related to delayed healing of full-thickness wounds
(e.g., punch biopsy) that penetrate both the epidermis and underlying dermis (reviewed in
Christian, Graham, Padgett, Glaser, & Kiecolt-Glaser, 2006). Psychological stress may also
disrupt the skin’s ability to recover its function as a barrier against moisture loss and pathogens
after more minor disruption, such as damage to the stratum corneum. Across several studies,
skin barrier recovery was reduced by 10%-15% following a brief laboratory stressor (Altemus,
Rao, Dhabhar, Ding, & Granstein, 2001; Robles, 2007). Approximately 30% recovery was
achieved at 3 h after skin disruption during medical school examinations, compared to 45%
recovery during the end of winter and spring vacation (Garg et al., 2001). These studies suggest
that skin barrier recovery may be a useful model for examining the impact of psychosocial
factors such as psychological stress on health and suggest a pathway through which trait PA
may impact health. However, few studies published to date have explored the role of individual
difference characteristics, such as trait PA, on wound healing in response to stress.
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This study tested whether individual differences in trait PA are related to skin barrier recovery,
and whether the role of trait PA in wound healing is consistent with the direct effects model
or the stress-buffering model. In this study, we assessed trait levels of PA and negative affect
(NA) in participants, who were then randomly assigned to go through a brief psychological
stressor or no stressor. The direct effects model predicts that individuals with greater trait PA
will show faster skin barrier recovery, regardless of the presence of psychological stress, while
the stress-buffering model predicts that greater trait PA will be related to faster skin barrier
recovery in individuals undergoing a stressor. Based on previous work on the effects of PA on
reducing the negative psychological and biological impact of psychological stress (Steptoe et
al., 2005; Tugade & Fredrickson, 2004) and the effects of psychological stress on skin barrier
recovery (Altemus et al., 2001; Garg et al., 2001), we predicted that greater trait PA would be
related to faster skin barrier recovery following exposure to a laboratory stressor, consistent
with the stress-buffering model.

Healthy individuals ages 18 — 44 years were recruited from the community surrounding a large
Midwest university using publicly posted fliers. Exclusion criteria included pregnancy;
medical conditions or medications with obvious immunological, dermatological, or
endocrinological consequences; allergies to tape or other adhesives; smoking; taking hormone-
based contraception; and excessive caffeine or alcohol use. A total of 99 individuals
participated in the study, of which 12 women did not report taking hormonal-based
contraception on our initial screening form, but reported it during the experimental session,
and two individuals were unable to complete the entire protocol. Data from those 14 individuals
were not included in the data analyses that follow. In addition, the trait affect measure was
included approximately 1/3 of the way through data collection. Therefore, we report findings
from participants who completed the trait affect measure. The final sample (n = 60, mean age
=22.7, SD = 3.9) included 27 female and 33 male participants, 75% white, 13% Asian, 8%
black, and 2% of other ethnicities. Most participants (70%) had some college education, and
the remainder had completed college (30%).

Participants were run individually during one 3.5-hr session at The Ohio State University
General Clinical Research Center beginning at 1:30 p.m. Participants refrained from eating,
vigorous exercise, and smoking for 1 h prior to the appointment. After providing informed
consent, participants completed the self-report measure of trait PA and NA, followed by
baseline skin measurements and skin disruption. Participants were randomly assigned to one
of three groups: No Stress (n = 13), Stress (n = 20), or Stress + Support (n = 27). Each group
received instructions for a task, prepared for the task for 10 min, and then performed the 10
min task. After the tasks, skin barrier recovery was measured up to 2 hr after skin disruption.
Participants were debriefed by the experimenter at the end of the session. All procedures were
approved by The Ohio State University Biomedical Sciences Institutional Review Board.

The No Stress group read an article silently and alone during the preparation period, followed
by reading the article and an additional article out loud into a tape recorder for 10 min. They
were informed that they were not being evaluated, and performed the task alone. Video
recording equipment was present, turned off and pointed toward a wall. Participants in the
Stress and Stress + Support groups were provided instructions for the Trier Social Stress Test
(TSST), a 5-min speech and 5-min mental arithmetic task (Kirschbaum, Pirke, & Hellhammer,
1993). Participants in the Stress group prepared for their tasks alone. Participants in the Stress
+ Support group were greeted by a supportive confederate who provided social support for 10
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minutes (for details, see Robles, 2007). After preparation, the two Stress groups began the
TSST in front of an evaluative and harassing audience and were videotaped throughout. We
found no differences in rate of skin barrier recovery between the Stress and Stress + Support
groups (Bjinear = =719, t =—0.50, df = 56, p = .62; Bquadratic = 3-91, t = 0.64, df = 56, p = .53),
similar to results from the full sample (Robles, 2007). In addition, the groups did not differ in
trait PA and trait NA (all ps > .15). Therefore, the groups were combined for the remaining
analyses.

Trait Positive and Negative Affect

The trait version of the Positive and Negative Affect Schedule (PANAS) (Watson, Clark, &
Tellegen, 1988) was administered at the beginning of the laboratory session, about 30-40 min
prior to informing participants of their group assignment. Internal consistency in this sample
was excellent (PA o = .91, NA o = .86). Trait PA (M = 31.3, SD = 8.2) and NA (M = 15.7,
SD = 5.4) were slightly below, but within 1 SD of the standardization sample (Watson et al.,
1988). Similar to other studies (Crawford & Henry, 2004; Tellegen, Watson, & Clark, 1999),
trait PA and trait NA were not correlated (r = .01, p =.95). There were no gender differences
in trait PA, t(58) = —1.41, p = .16, or relationships between trait PA and age (r =.04) or
education, F(3, 56) = 1.17, p = .33. Trait PA was not related to alcohol and caffeine intake, or
body mass index (data not shown), but individuals reporting worse sleep quality on the
Pittsburgh Sleep Quality Index (Buysse, Reynolds 111, Monk, Berman, & Kupfer, 1989)
reported lower trait PA (r = —.40, p = .002).

Skin Measurement and Skin Barrier Disruption

Baseline skin barrier function on the palm side of the dominant forearm was measured by
obtaining transepidermal water loss (TEWL) readings using two evaporimeter probes
(cyberDERM, Cortex DermaL ab; Media, PA; Grove, Grove, Zerweck, & Pierce, 1999). TEWL
indicates the skin’s ability to prevent water loss from interior layers. Greater TEWL reflects
decreased barrier function, and lower TEWL following disruption indicates increasing barrier
recovery. Following baseline measurements, a 2.54 x 5.08 cm rectangular area was disrupted
using a procedure known as “tape-stripping” (Nickoloff & Naidu, 1994), and we measured
TEWL from three adjacent sites (each 1 cm in diameter) within that area. A 2.54 x 2.54 cm
area was left undisturbed for basal TEWL measurements. Cellophane tape (Tesa, Inc. 4101;
Charlotte, NC), was applied repeatedly (6-51 times) to remove superficial layers of skin cells
from the disrupted site. Stripping stopped when TEWL was elevated from the basal levels
(M =7.46g/m?h, SD = 2.48) to at least 20g/m?h at the disrupted site, or a maximum of 51 strips
(M = 38.2 strips, SD = 13.8). Skin measurements were repeated at 1, 1.5, and 2 hr after tape-
stripping (or 35, 60, and 90 min after the tasks). The three measurement times were chosen
because we wanted to determine if the effects of stress on skin barrier recovery could be
observed in less than 3 hr (other studies measured skin barrier recovery starting 3 hr after tape-
stripping) to minimize the time that participants were in the laboratory. Moreover, biological
processes that initiate skin barrier recovery begin within the first hours after skin disruption
(Elias, 2005; Nickoloff & Naidu, 1994). The two (out of three) disrupted sites that showed
TEWL values closest to one another were averaged together, and recovery was computed from
awidely used formula (Altemus et al., 2001; Garg et al., 2001) where t represents hr since tape-
stripping: Recovery; = (TEWLfter tape-stripping = TEWL t )/ (TEWLater tape-stripping —
TEWLat baseline) * 100%.

Data Analysis

For our primary analyses, we used multilevel modeling to model skin barrier recovery using
HLM 6 (Version 6.06, Scientific Software International; Raudenbush, Bryk, Cheong, &
Congdon, 2004). Measurement occasions (level-1) were nested within individuals (level-2),
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and time was the level-1 predictor of change over measurement occasions. The data and fit
indices with different models of change showed that a model with linear and quadratic (U-
shaped) slopes provided the best fit to the data. The intercept value was centered at % recovery
immediately after disruption (equal to 0 across all participants). Time was scaled such that 1
unit of time equaled 1 hr of real time. Across all the models, level-1 error variances were
specified as homogeneous. Effect sizes are reported as r’s by taking the square root of the
quantity t2/(t2 + df), (Rosenthal & DiMatteo, 2001). The level-2 variables in the final model
testing our hypothesis that trait PA would predict faster skin barrier recovery were as follows:
Group (No Stress vs. Stress), trait PA, trait NA, the Group x PA interaction, and the Group x
NA interaction. We included trait NA and the Group x NA interaction in these analyses because
of previous recommendations that PA and NA should be simultaneously included in statistical
analyses to account for potential interdependence between PA and NA (Pressman & Cohen,
2005).

We determined that the most appropriate model of skin barrier recovery should specify the
intercept as fixed across participants because values at the 0-hr time point were zero for all
participants, and linear and quadratic slopes as varying across participants (random). The mean
parameter estimates in the unspecified model were very similar to the final model and did not
change the interpretation of the results (slopes specified as random, data not shown). A U-
shaped pattern of skin barrier recovery indicated a large initial increase in skin barrier recovery
1 h after tape-stripping, which eventually decreased but still represented an increase in recovery
from baseline. Recovery increased by an average of 63% per hour, and decreased by 24% per
hour squared. Linear increases in skin barrier recovery were almost perfectly negatively
correlated with quadratic decreases in recovery over time, which is expected for a U-shaped
pattern of change. There was significant variance in linear and quadratic slopes; therefore,
including our level 2 variables (Main effects: Group, PA, NA; Interactions: Group x PA, Group
x NA) as predictors of linear and quadratic slopes was appropriate.

Our primary hypothesis was that trait PA would buffer the negative effects of psychological
stress on skin barrier, indicated by a significant Group x PA interaction predicting skin barrier
recovery slopes, with high PA predicting faster increases in recovery compared to low PA, but
only in the Stress group. A main effect of PA on skin barrier recovery slopes would support a
direct effects model. As shown in the Table 1, indicated that there were no significant main
effects of group, PA, or NA on linear or quadratic slopes. Significant Group x PA interactions
for linear and quadratic slopes, depicted in the Figure 1, indicated that greater trait PA was
related to faster skin barrier recovery for participants in the Stress group, while trait PA was
not related to skin barrier recovery in the No Stress group. In the Stress group, participants
who scored + 1 SD on trait PA showed almost double the skin barrier recovery compared to
participants scoring —1 SD.

As shown in the Table, trait NA did not predict skin barrier recovery. Removing trait NA and
the Group x NA interaction did not change the results for the Group x PA interaction on linear
and quadratic change in skin barrier recovery, which remained statistically significant
(Blinear = 3.33, SE = 1.13, t = 2.95, df = 55, p = .005, effect size r = .37; Bquadratic = —1.20,
SE =0.50, t =—2.40, df = 55, p = .02, effect size r = .31). The number of strips to criterion was
not significantly related to trait PA (r = —.24, p =.07) or NA (r =—.02, p = .88) and neither
trait PA nor trait NA predicted basal TEWL before tape-stripping (r’s from —.08 to —.02, ns)
or immediately after tape stripping (r’s from .01 —.03, ns). Basal TEWL at the control site did
not significantly change during the session, and there were no significant main effects of group,
trait PA, or trait NA, or interactions for control site TEWL (data not shown).
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Discussion

This study extends previous work on stress and wound healing by demonstrating that trait PA
buffered the effects of stress on skin barrier recovery. Specifically, individuals with greater
trait PA showed faster skin barrier recovery within 1 hr after skin disruption, and that faster
recovery was maintained up to 2 hr after disruption. Trait PA was not significantly related to
skin barrier recovery in individuals who did not undergo the psychological stressor. Thus, these
data support the stress-buffering model of the effects of trait PA on health (Pressman & Cohen,
2005). The effects of trait PA on skin barrier recovery were independent of the effects of trait
NA, which is worth noting because considerable evidence suggests that NA is related to poor
health outcomes (Kiecolt-Glaser et al., 2002). We included NA in our analyses to ensure that
the effects of PA on skin barrier recovery were not driven by the effects of NA. The magnitude
of the effect of PA on skin barrier recovery was similar to the effect size of psychological stress
on skin barrier recovery reported in previous studies (r = .36, derived from Altemus et al.,
2001, and Robles, 2007). Notably, we found effects for trait PA on biological responses to
stress, whereas most studies of PA and biological responses to stress have focused on inducing
positive mood states.

To impact skin barrier recovery, psychological factors would have to affect key biological
processes involved in skin barrier recovery (lipid synthesis and inflammation; Elias, 2005)
through mechanisms that communicate psychosocial “messages” to the skin. Several candidate
messenger systems that could explain links between trait PA and skin barrier recovery are
systemic glucocorticoids, neuropeptide release from afferent nerves in the peripheral nervous
system, and activation of immune and inflammatory processes in the skin (Garg et al., 2001).
Although studies in rodent models clearly show that elevated glucocorticoids can delay skin
barrier recovery (Choi et al., 2005), we and others previously showed that salivary cortisol
levels during stress were not related to skin barrier recovery (Altemus et al., 2001; Robles,
2007). Thus, beyond glucocorticoid levels, psychosocial factors may influence neuropeptide
and neurotransmitter release in the skin (e.g., substance P, norepinephrine, acetylcholine; Arck,
Slominski, Theoharides, Peters, & Paus, 2006), but no empirical studies to date have studied
psychological factors in humans and skin levels of neuropeptides and neurotransmitters.
Finally, psychological factors such as trait PA may influence immune processes in the skin.
While no studies have explicitly studied trait PA and immune mechanisms involved in wound
healing, several studies suggest that state PA can influence skin response to allergens. A
reduction in allergic response was found when pleasantness and relaxation were induced by
hypnosis (Laidlaw, Booth, & Large, 1996) and when humor was induced by a movie (Kimata,
2001). Moreover, greater self-reported vigor was related to smaller allergy responses (Laidlaw,
Booth, & Large, 1994). Thus, the precise biological mechanisms through which trait PA acts
on the epidermis are not known, but several candidates are possible for future exploration.

One notable finding in this study is that skin barrier recovery was highest level at 1 — 1.5 hr
after disruption, and decreased slightly at 2 hr after disruption. Few studies have reported the
hour-to-hour kinetics of skin barrier recovery. Thus, the extent to which our U-shaped results
are similar to other work is unknown. Potential explanations for the increase, followed by a
decrease in recovery must be consistent with several observations in our data. The explanations
and mechanisms must covary with performing a mental task (No Stress and Stress groups
showed a U-shaped curve), and be specific to processes related to skin barrier recovery and
not basal TEWL, as basal TEWL did not significantly change across the session, and the
kinetics of basal TEWL did not differ across groups. One possibility is sweating, which can
increase TEWL and thereby decrease skin barrier recovery (Rogiers & EEMCO Group,
2001). Individuals low in trait PA may have been sweating more during the TSST, which may
explain why their TEWL was higher in the 1 — 1.5 hr after tape-stripping. However, increased
sweating would not be consistent with our basal TEWL findings or with lower skin barrier
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recovery 2 hr after tape-stripping (up to 1.5 hr after the TSST). A more plausible explanation
is increased skin surface temperature, potentially caused by increased blood flow to the skin.
Experimentally raising skin surface temperature for 1 hr after tape-stripping results in faster
recovery, which persists up to 6 h after skin disruption (Denda, Sokabe, Fukumi-Tominaga, &
Tominaga, 2007). Moreover, increased skin blood flow after removing occlusion corresponds
with decreased TEWL and faster recovery after disruption (Rodrigues, Pinto, Magro,
Fernandes, & Alves, 2004). However, increased skin surface temperature should be related to
elevated basal TEWL, which is not consistent with our results. Future work should consider
measuring these potential mechanisms, including local skin blood flow and skin conductance.

The limitations of this study provide areas of improvement for future work. We used a single
self-report measure of trait affect, which may be less reliable compared to multiple measures
of daily affect over several weeks (Cohen et al., 2003). In addition, our trait affect measure
was not administered to the entire sample (n = 85, compared to n = 60 in this study). Moreover,
our findings may reflect a limited range of PA and NA, and future work should obtain a wider
range of individual differences in trait affect through larger and more representative samples.
For example, this study does not generalize to older, less educated, or less healthy individuals.
Future work should also incorporate additional facets of positive emotions, such as those
developed in the expanded version of the PANAS (PANAS-X; Watson & Clark, 1999).
Although we experimentally manipulated stress, we did not manipulate levels of PA; thus, the
conclusions regarding the relationship between PA and skin barrier recovery should be
considered correlational and not causal. Finally, future work should measure the skin barrier
recovery process as it unfolds over several days, rather than hours.

What are the implications of these findings for the larger literature on PA and health? Moreover,
how might the effects of trait PA on the healing of a relatively minor wound translate to long-
term effects of trait PA on health? The skin serves as the first line of defense against foreign
pathogens (Elias, 2005). Thus, delays in skin barrier recovery in a particular area of the skin
represent a “leak” in the body’s defenses, increasing the probability of foreign pathogens
penetrating the skin and spreading to inner tissues. Therefore, a faster healing skin barrier
during stressful periods, perhaps observed in individuals with greater trait PA, may reduce the
probability of certain pathogens migrating from the skin surface to the interior. Beyond risk of
infection, which would be relevant to most individuals (though more pronounced in older
adults), trait PA may play a role in disease progression in individuals who have certain skin
diseases that may be exacerbated by stress, such as psoriasis or atopic dermatitis, though this
is an empirical question that should be addressed with future research. More broadly,
relationships between trait PA and skin barrier recovery may reflect a larger link between PA
and biological mechanisms that influence health and disease in other organ systems, such as
the cardiovascular system. Establishing that trait PA can literally “get under the skin” is an
important first step in determining the many ways in which trait PA benefits health.
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Figure 1.

Predicted skin barrier recovery as a function of group assignment and trait PA based on
parameter estimates in Table 1. High trait PA represents 1 SD above the mean, and low trait
PA represents 1 SD below the mean on trait PA. The lines representing low and high trait PA
in the No Stress group are superimposed upon one another.
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Table 1

Parameter Estimates For % Skin Barrier Recovery

Parameter

Parameter estimate  Effect size r

Fixed effects

Variance components

Intercept
Linear slope

Group

PA

NA

Group x PA

Group x NA
Quadratic slope

Group

PA

NA

Group x PA

Group x NA

Linear slope
Quadratic slope

Within-subject

052 (0.25) 14
63.79 (14.79)"" 51
~19.20 (16.32) 16
~1.98 (0.99) 26
2.03 (4.21) 07
3.74 (1.89)™" 38
~1.14 (4.31) 04
~24.08 (7.39)™" 4l
10.81 (7.96) 18
0.87 (0.46) 25
~1.99 (2.08) 13
~1.55 (0.57)"" 35
1.76 (2.15) a1
1126.33"* -
150.68™* -
215,51 —
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Note. Intercept values reflect % skin barrier recovery (g/mzh) at baseline. Linear slopes reflect change in % recovery per 1 h of time, and quadratic

slopes reflect change in % recovery per (1 hr oftime)z. Linear and quadratic slopes correlated —.99. Values in parentheses are standard errors. Intercept
df = 207, slope df = 53, level-2 predictors of slopes df = 53, variances df = 49.

Fk

F%k

p<.01.

p <.001.
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