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Depressive Symptoms Predict Mucosal Wound Healing

Jos A. Bosch, PuD, CaristopHER G. ENGELAND, PHD, Jonn T. Caciopro, PuHD, anp PaiLLip T. MarucHa, DMD, PuD

Objective: There is mounting evidence that psychosocial stress can delay wound healing, but this literature almost exclusively
pertains to dermal wound healing. Many surgical procedures involve damage to mucosal tissues and the time course and the role
of repair processes, such as inflammation, in the healing of these tissues are markedly different from those in dermal healing.
Feelings of depression and social isolation are common among surgical patients, and the present study therefore investigated if these
factors predict the rate of mucosal wound healing. Methods: Undergraduate students were invited to participate in the study if they
reported high or low levels of loneliness or depressive symptoms, corresponding to the upper or lower quintile of their peer group.
The UCLA loneliness scale and the Beck Depression Inventory [short form] were used for this screening. A sample of 193 healthy
young adults (age range 18-31 years) received a 3.5-mm circular wound on the oral hard palate, under local anesthesia. Healing
was monitored by daily videographs of the wound. Results: The median healing rate was 7 days. High dysphoric participants were,
however, more likely to heal slower than this median healing rate (odds ratio 3.57 (1.58—8.07); p < .001). This association
remained robust after correction for a broad range of demographic and behavioral variables, including gender, age, ethnicity, and
health behaviors. High dysphoric individuals also exhibited significantly larger average wound sizes from day 2 post wounding
onward. Loneliness and diurnal cortisol secretion (measured over 5 days) were unrelated to healing. Conclusion: Depressive
symptoms predict the rate of mucosal wound healing in healthy young adults. We discuss potential pathways that warrant further
investigation. Key words: wound healing, surgical recovery, mucosa, inflammation, loneliness, depression, stress.

HPA = hypothalamic-pituitary-adrenal; BDI-sf = Beck Depression
Inventory short form; UCLA-R = Revised UCLA Loneliness Scale;
OR = odds ratio; AUC = area under the curve.

INTRODUCTION

Over 70 million surgical procedures are performed each
year in the United States (1). Despite the benefits, sur-
gical procedures also involve risks, sometimes severe and
wide-ranging, which make surgery a major source of distress
(2). For example, the prevalence of depression in surgical
patients is approximately 1.5 to 2.5 times higher than in the
general population (3). Importantly, emotional distress and
depression in this context predict longer hospital stays, slower
return to normal daily activities, more frequent pain reporting,
an increased use of analgesics, a worse physician- and self-
assessed physical state, and a greater likelihood of complica-
tions, including death (4—12). Several pathways may account
for these associations. Negative affective states can increase
physical symptom reporting (13,14), promote dysfunctional
coping behaviors such as smoking and drinking alcohol, and
lead to medical noncompliance and self-neglect (4). In addi-
tion, there is accumulating evidence that emotional distress
can directly affect biological recovery processes, such as
wound healing, through perturbations of endocrine and im-
mune systems (4).

In 1995, a human study provided initial evidence that
emotional distress is associated with delayed wound healing
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(15). Women caring for a relative with Alzheimer’s disease
reported greater distress and demonstrated 24% slower heal-
ing of a dermal punch biopsy than control participants
matched on age, gender, and income (15). This finding has
been confirmed and extended in a number of human and
animal studies, demonstrating associations between distress
and delayed healing with various wound types, including oral
wounds (16), skin wounds (17,18), and ulcerating leg wounds
(19), as well as altered cytokine and metalloproteinase expres-
sion in wound exudate and tissue (20-28). The clinical im-
portance of these findings is not limited to wound closure:
slower healing wounds are also more likely to have compli-
cations like infection, and poorer esthetic outcomes such as
discoloration and scarring (29).

Dysregulation of the hypothalamic-pituitary-adrenal (HPA)
axis has been proposed as a potential mediator of these effects
(4,18). For example, animal studies have shown that glucocorti-
coid antagonists can partially restore the effects of restraint stress
on wound healing, wound cytokine production, and wound in-
fection (22,28,30,31). Human blister-wound studies demon-
strated an inverse association between cortisol levels at the time
of wounding and local inflammatory cytokine and metallopro-
teinase production (20,27). Also, dermal wounds healed slower
in participants who exhibited larger cortisol responses to awak-
ening (17). Not all human studies find associations with cortisol,
however (32), and the role of other aspects of HPA functioning,
like diurnal profile, has yet to be explored.

The current study investigated the associations between
loneliness (the negative emotional experience of being so-
cially isolated), dysphoria (experiencing depressive symp-
toms), and wound healing. Loneliness and dysphoria predict a
wide range of health outcomes (33-35), likely through com-
promising health-promoting and restorative behaviors as well
as direct effects on biological processes (34,36-38). For ex-
ample, lonely individuals respond less well to vaccination
(39), are at greater risk of developing high blood pressure
(35), and have poorer sleep (40). Likewise, higher levels of
depressive symptoms are associated with higher inflammatory
activity, poorer surgical outcomes, and worse cardiovascular
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health (4,34,37,38,41). The co-occurrence of loneliness and
dysphoria is well established (42,43) and prospective research
has recently identified loneliness as an independent predictor
of symptoms of depression (44). Notwithstanding, loneliness
and dysphoria can be regarded as separate constructs. Al-
though consistently correlated, the coefficients are moderate
in size and there is substantial independent variation (44); they
are also likely to have nonoverlapping genetic determinants
(45,46). Thus, it is possible that loneliness and dysphoria will
have independent effects on wound healing (38).

Whereas nearly all stress studies have focused on dermal
wound healing, the present study examined mucosal wound
healing. The mucosa form a vital interface with the outside
world, essential to life-supporting processes such as exchang-
ing gases, nutrients, and waste products (47). Mucosal wounds
heal much faster and with less inflammation than skin wounds
and, for reasons not completely understood, do so with min-
imal scarring (48). These and other distinctive features of
mucosal healing suggest that current data on stress and dermal
wound healing do not necessarily generalize to other tissue
types (49,50). Previously we demonstrated that oral mucosal
wounds, placed during a week of academic examinations,
healed 40% slower than wounds placed during summer vaca-
tion (16). In the current study, we monitored mucosal healing
in healthy young adults who were selected on the basis of
reporting high or low levels of loneliness or depressive symp-
toms. We hypothesized that participants who report high lev-
els of loneliness or dysphoria would show delayed mucosal
wound healing. A range of potentially confounding demo-
graphic factors and health behaviors were measured in paral-
lel. A possible mediating role of diurnal cortisol secretion on
wound healing was also assessed.

METHODS
Participants

The Beck Depression Inventory short form (BDI-sf) and the Revised
UCLA Loneliness Scale (UCLA-R) were administered to 1630 undergraduate
Ohio State University students. Participants were recruited from those scoring
in the upper or lower quintile on one or both of these questionnaires. The
cut-offs were determined a priori on the basis of previous research in a similar
population (51). For the UCLA-R, the inclusion criterion was a score of <28
or =46, for the BDI-sf, the inclusion criterion was a score of =1 or =8. A
BDI-sf score =8 also corresponds to the cut-off for suspected clinical de-
pression (52,53). Eligible participants were invited by phone to participate in
a study on “psychosocial factors, wound healing, and inflammation” without
disclosing the predetermined psychological selection criteria. The following
initial exclusion criteria were applied: a) suffering from an infectious, inflam-
matory, coagulation, or endocrine disorder, including diabetes; b) suffering
from conditions that make the individual a poor surgical risk (e.g., cardio-
vascular problems, allergies to materials used during the surgical procedure);
¢) pregnancy; d) oral health conditions that require prompt treatment, which
was subsequently checked by clinical examination. To eliminate potential
confounds, no first-term freshmen were enrolled in the study because of
potentially elevated loneliness, and no participants were wounded during
major examination periods because of potential effects of stress (16). Refusal
to participate and the application of these exclusion criteria resulted in a final
sample size of 193 undergraduates (mean age = 20.1 years, range 18-31; n =
98 females). As intended, the selection criteria resulted in a study sample
enriched with participants high on loneliness and/or depressive scores (BDI-sf
survey sample: 2.1 = 4.2 (mean * standard deviation (SD)); BDI-sf study
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sample: 4.0 £ 3.8; UCLA-R survey sample: 32.0 = 9.2; UCLA-R study
sample: 36.3 = 11.6). The survey and study samples were comparable with
regard to gender (survey sample: 44.6% male; study sample: 46.4% male) and
age (survey sample: 20.5 £ 2.2 years; study sample: 20.2 = 2.1 years).
Differences in ethnic composition were observed, in that the final study
sample had a higher proportion of African Americans (survey sample: 6.4%;
study sample: 15.3%), which reflects the additional recruiting efforts to
include this student group. The proportion of Asian participants was smaller
(survey sample: 6.1%; study sample: 3.2%). Participants were compensated
$360 for their time in the study. Informed consent was obtained from each
participant and The Ohio State Institutional Review Board approved the
study. The study was conducted between May 2001 and August 2003.

Procedures

The wounding procedure was performed at the School of Dentistry
Research Clinic of The Ohio State University. The interval between the initial
survey and clinic appointment varied between 3 and 10 weeks; both the
BDI-sf and UCLA-R were re-administered on arrival in the clinic. These more
proximal scores were used as predictors in subsequent analyses. Participants
attended between 10 AM and 11:30 AM. After a 30-minute rest period, a
3.5-mm circular oral wound was placed on the hard palate under local
anesthesia (2% lidocaine), approximately 3 mm from the marginal gingival of
the first and second molars, using a 3.5-mm tissue punch. A scalpel was then
used to remove the surface epithelium and superficial connective tissue,
creating a uniform 1.5-mm deep wound. The side of the mouth to be wounded
was determined by random coin toss. All wounds were placed by the same
periodontologist (P.T.M.). The periodontologist and clinic personnel re-
mained uninformed about the participant’s psychosocial status as determined
by the questionnaire.

Psychological Measures

The BDI-sf, a widely used and well-validated self-report measure of
depressive symptoms, boasts good reliability statistics, correlates well with
other measures of depression, and predicts clinical ratings of depression
(52,53). Also, in the present study, internal reliability was high (Cronbach’s
a = 0.84). The BDI-sf comprises 13 items that assess the severity of
depressive symptoms experienced during the past 2 weeks, on a 4-point Likert
scale (0 “not” to 4 “very much”). Various BDI-sf scores (range 5-8) have
been suggested as cut-offs to classify depressed individuals. These cut-points
are empirically derived on the basis of predicting the incidence of clinical
depression in different populations, and are also related to alterations in
immune system functioning (54,55). A score of =8 was employed in the
present study.

Loneliness was measured using the UCLA-R Loneliness Scale (56). For
this 20-item scale, participants again responded using a 4-point Likert-scale
format. Scores correlate with measures of shyness and self-esteem, and high
scores on this measure have been associated with alterations in immune
system functioning (34,36). This scale is acknowledged to have good
psychometric properties (56). In this study, reliability was again high
(Cronbach’s a = 0.94).

Additional questionnaires were administered for post hoc analyses, of
which the Spielberger Trait Anxiety Questionnaire (57) and Impact of Events
Scale (58) were used in this manuscript.

Assessment of Wound Size

Wounds were videographed daily between approximately 10 AM and 11
AM using an intra-oral camera. A standard-sized 6-mm diameter template
was placed around the wound as a reference measure to prevent variation due
to camera magnification and angulation. Videotaped images were blind coded
and wound size was measured (Canvas 7 software, ACD Systems of America
Inc., Victoria, British Columbia) by two raters (interrater » = .87). Wound
size was expressed as the ratio of the wound surface area relative to the
standard label size. Wounds were classified as healed when closure exceeded
>95%. Thus, in conformity with previous research (15,16,18), for each post
wounding day 2 healing outcomes could be determined—the average wound
size (relative to standard) and the proportion of healed participants.

Psychosomatic Medicine 69:597-605 (2007)



DEPRESSIVE SYMPTOMS PREDICT MUCOSAL WOUND HEALING

Demographic, Anthropometric, and Health
Behavior Measures

Questionnaires were used to assess variables that might confound or
mediate the relationship between psychosocial factors and wound healing.
These variables included demographic factors such as age, gender, ethnicity,
parental socioeconomic status (income, education), as well as health practices
and lifestyle variables. Participants indicated their average weekly use of
alcoholic drinks (a can/bottle [12 oz.] of beer, a glass [8 0z.] of wine, and a
shot [2 0z.] of liquor were scored as one drink), caffeinated drinks, cigarettes
and other means of nicotine, recreational drugs, vitamins, and dietary sup-
plements. Alcohol and nicotine consumption, and weekly sleep were assessed
by self-report 1 week before wounding, on the day of wounding, and 1 week
post wounding. Other measured variables included use of recreational drugs,
sleep, oral hygiene behaviors, exercise, and body mass index (kg/(height in
meters) (2). To assess exercise, participants were asked if they engaged in
activities, at least once a week, sufficiently vigorous to break sweat, and if so,
how many times and for how many hours per week. Sleep quality was
measured using the Pittsburgh Sleep Quality Index, a 19-item self-report
questionnaire that assesses sleep quality over a 1 month timeframe. The
questionnaire includes measures of subjective sleep quality, time needed to
fall asleep, sleep duration, and use of sleeping medication (59).

Cortisol

Participants were signaled seven times a day (7 AM, 9:30 AM, 10:30 AM,
2:30 PM, 3:30 PM, 7:30 PM, 8:30 PM) by a preprogrammed wristwatch
(Seiko, RC-4500 WristMac, Tokyo, Japan) and instructed to immediately take
a saliva sample by placing a cotton roll (Salivette, Sarstedt, Leicester, UK) in
the mouth until soaked, and complete a short questionnaire on current mood
and activities. Determinations were made using Cortisol Coat-A-Count RIA
kits (Diagnostic Products Corporation, Los Angeles, California). The intra-
assay variation was 4.3%, the inter-assay variation was 5.2%, and the sensi-
tivity was 0.25 ng/ml.

Data Analysis

The primary analyses focused on the association between depressive
symptoms, loneliness, and wound healing. The data did not meet the propor-
tional hazards assumption for survival analysis. Therefore, logistic regression
analysis was used to predict healing as a binary outcome: “fast healing” (faster
than median healing rate) versus “slow healing” (slower than median healing
rate). Categorization on the basis of healing rate was chosen in the absence of
established clinical criteria to differentiate slow and fast healing. Odds ratios
(ORs) are presented as measures of effect size. In these analyses, the OR
reflects the relative likelihood of being a slow healer among individuals
scoring above predetermined values on the BDI-sf or UCLA-R. To gauge the
statistical significance of the associations, 95% confidence intervals are also
reported. The ¥ tests and 7 tests were used to compare demographic and
behavioral variables between groups of participants who had high versus low
values on the predictor variables. Data that deviated >3 SD from the mean
were considered outliers and excluded from the analyses. Occasional missing
wound data were recovered by interpolation (<1% of data points). Data were
analyzed using SPSS 14 (Chicago, Illinois).

RESULTS

Missing Data

Participants with =4 days of missing wound-healing data
were excluded from analyses (n = 7). The data from three
participants were excluded because wound sizes were 3 SD
above the mean for the larger part of the healing curve.'
Hence, the number of valid cases was 183.

'Including these outliers did not alter the overall pattern of results.
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Depressive Symptoms, Loneliness, and Healing Rate

At 7 days post wounding, approximately 50% of all par-
ticipants were healed. This median time point was used as the
criterion to differentiate fast healers from slow healers in the
logistic regression analyses (see Statistical Methods for ratio-
nale). Logistic regression showed a significant association
between depressive symptoms and the time needed to heal
(OR per SD on the BDI-sf 1.50 (1.10-2.06); p = .007). This
indicates that in this population, the likelihood to be a slow
healer increased by 50% with each SD increase in depressive
symptoms. Scores on the UCLA-R Loneliness Scale were not
significantly associated with wound healing status (OR per SD
on the UCLA 1.26 (0.93-1.70); p = .13).

The BDI-sf is intended as a screening instrument in which
scores above a cut-off, typically 8, are considered to signify
clinical depression (52,53). This cut-off was applied (BDI-sf =8)
to distinguish dysphoric from nondysphoric individuals, which
was also the initial upper selection cut-off. Analyses indicated
that dysphoric individuals (» = 40) were over 3.5 times more
likely than nondysphoric individuals (» = 143) to exhibit a
slower than median healing rate (Table 1). The proportion of
healed participants and mean wound sizes across test days are
presented in Figure 1. Figure 1A shows that, from day 5 onwards,
a significantly smaller proportion of individuals in the high
dysphoric versus low dysphoric group were considered healed
(likelihood ratios, range = 3.9-10.6; 0.001 < p < .05).

Figure 1B extends this analysis to wound size, demonstrat-
ing that from day 2 until day 7 post wounding, high dysphoric
individuals also exhibited larger average wound sizes (i.e.,
slower healing) than low dysphoric participants. Multivariate
analysis of variance yielded a significant effect of BDI-sf on
wound size, both when utilizing BDI-sf as a continuous vari-
able (F(8,166) = 2.56; p = .01) or as a dichotomized variable
(F(8,166) = 2.51; p = .01). These multivariate findings were
confirmed in subsequent univariate analyses, which again
yielded identical results when BDI-sf was utilized as a dichot-
omized or continuous variable (as an indication of range); the
largest significant effect was found for day 3 (F(1,178) =
16.06; p < .001) and the smallest significant effect was found
for day 7 (F(1,179) = 6.13; p = .01); no significant associ-
ation was observed for day 1 and day 8 post wounding
(F(1,179) < 1.5; p > .22). These findings remained essen-
tially unaltered after correction for the influence of gender,
smoking status, alcohol consumption, average hours of sleep,
ethnicity, and oral hygiene habits (i.e., similar covariates used
as shown in the analyses presented in Table 1). Replicating
earlier findings (60), these post hoc analyses also demon-
strated a significant multivariate effect of gender, with larger
average wound sizes for women (F(8,166) = 2.56; p = .01) in
the earlier phases of wound repair (univariate analyses yielded
significant gender differences from days 1 to 5).

Dysphoria and Wound Healing: Testing Potential
Confounds and Pathways

Subsequent analyses focused on wound healing rate, being
the parameter of primary clinical interest. Four hierarchical
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TABLE 1.

J. A. BOSCH et al.

Results of Logistic Regression Analyses, Assessing Depression as a Predictor of Faster Than Median (Within 7 Days) Versus Slower

Than Median (=8 Days) Mucosal Wound Healing

Model 1
OR (95% ClI)

Model 2
OR (95% ClI)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Dysphoria (BDI-sf =8) 3.57* (1.58-8.07)

3.79* (1.64-8.74)

4.15*% (1.75-8.82) 3.68* (1.37-9.89)

Age 0.91 (0.78-1.05) 0.90 (0.77-1.05) 0.90 (0.77-1.05)
Gender (female) 1.44 (0.77-2.70) 1.40 (0.72-2.70) 1.45 (0.73-2.86)
African-American 0.60 (0.25-1.43) 0.48 (0.19-1.19) 0.48 (0.19-1.21)
Other ethnic? 1.48 (0.53-4.16) 1.65 (0.58-4.71) 1.61 (0.56-4.63)
Smoking status 1.47 (0.63-3.40) 1.42 (0.57-3.18)
Alcohol (>10 drinks/week) 2.37** (0.89-6.27) 2.45** (0.92-6.54)
Sleep (hours /night) 0.96 (0.74-1.25) 0.97 (0.75-1.25)
Tooth brushing (#/day) 0.96 (0.69-1.35) 0.96 (0.68-1.35)
Dental flossing (“no” 1.49 (0.74-3.01) 1.52 (0.75-3.09)
UCLA Loneliness Scale? 0.98 (0.69-1.46)
OR = odds ratio; CI = confidence interval; BDI-sf = Beck Depression Inventory short form.
*p < .05 **p = .09.
“ Asian (n = 6); Hispanic (n = 7); Native American (n = 1); and “other” (n = 5).
® Each unit represents 1 standard deviation.
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Figure 1.

Proportion of healed participants (left panel) and mean wound sizes (right panel) for each day post wounding. A smaller proportion of high dysphoric

individuals (BDI-sf =8) were healed on each study day and this group also had larger average wound sizes. Results of x* tests and analysis of variance,

respectively: *p = .05; **p = .01; ***p = .001.

logistic regression models (Table 1) tested the influence of
potentially confounding variables: Model 1 presents the un-
adjusted effect of depressive symptoms; Model 2 assesses the
contribution of depressive symptoms adjusted for age, gender,
and ethnicity; Model 3 expands this analysis by including
health-related behaviors in the model, such as smoking, alco-
hol consumption, average hours of sleep, and oral hygiene
habits; Model 4 additionally corrects for loneliness. These
analyses indicate that the association between dysphoria
and wound healing was robust and not confounded or
mediated by these variables. The inclusion of these control
variables tended to strengthen the relationship between
dysphoria and wound healing, indicative of a suppressor
effect. Further post hoc analyses included anxiety and the
impact of recent life events in the analyses as potentially
relevant factors. Although dysphoric individuals reported
higher levels of trait anxiety as well as more intrusions and
avoidance behavior resulting from recent events, these vari-
ables did not account for the association between healing
rate and dysphoria.

600

To test if the selection of our healing cut-off (day 7) played
arole in the observed effects, we again applied all four logistic
regression models and used days 6 and 8 to differentiate slow
from fast healers. These analyses yielded essentially similar
results with ORs ranging between 2.4 and 4.1 (all <0.01),
affirming the robustness of the findings.

Additional exploratory analyses focused on identifying po-
tential demographic and lifestyle differences between the two
groups that may account for the link between depressive
symptoms and healing rate. Table 2 presents the results of
these comparisons, which indicated that high and low dyspho-
ric participants were similar on a large range of potentially
confounding variables. Although p values were slightly above
the 0.05 criterion, more low dysphoric participants reported
consuming >20 alcoholic beverages per week (likelihood
ratio = 3.4; p = .068), and high dysphoric group reported
slightly fewer hours of sleep (¢;5;, = 1.91; p = .056). Sub-
sequent analyses indicated that high dysphoric participants
also scored less favorably on other sleep indices, including
having lower perceived sleep quality and more day-time

Psychosomatic Medicine 69:597-605 (2007)



DEPRESSIVE SYMPTOMS PREDICT MUCOSAL WOUND HEALING

TABLE 2. Demographic and Behavioral Characteristics of Low Dysphoric (BDI-sf =7) and High Dysphoric (BDI-sf =8) Individuals
Low Depressive High Depressive Pe
Symptoms (n = 143) Symptoms (n = 40) (2-Sided)
BDI-sf 23*0.2 10.1 £ 0.4 <.001
Demographics
Age 20.2 = 0.2 20.7 = 0.4 .086
Gender (% female) 46.2 47.5 .88
Ethnicity

African American 15.4% 15.0%

White 74.8% 72.5%

Other ethnic? 9.8% 12.5% .89
Parental education (years) 15.3 +0.2 15.5 £ 0.5 72
Parental household income (US$)©

<35,000/year 21.4% 20.0%

35,000-50,000/year 20.2% 13.3%

50,000-100,000/year 40.5% 56.7%

>100,000/year 17.9% 10.0% 42

Health behavior indices
Sleep (hours/night) 7.3*0.2 6.9 + 0.1 .058
Alcohol (drinks/week) 4.7 £0.8 3.2+0.7 .23

Drinking =20 glasses/week 4.9% 0.0% .064
Current smokers 18.2% 22.5% .55

Smoking =2 packs/week 7.7% 5.0% .54
Recreational drug use 10.2% 10.0% .93
Caffeine (drinks/week) 6.1 = 0.7 80=*1.6 .24
Exercise (hours/week) 24 +24 2.3 +4.2 .80
Body mass index (kg/m?) 242 £ 0.4 244 £ 0.6 .82
Use of vitamins or other food supplements 36.7% 46% .34
Serum albumin 4.05 +0.03 4.05 = 0.05 .92
Tooth brushing (#/day) 1.97 = 0.08 2.03 £ 0.08 .64
Dental floss use 28.7% 35.0% 45

Data shown as mean = standard error of the mean or percentages.

“ Continuous variables were compared using a ¢ test, proportions were tested using likelihood ratios.
® Asian (n = 6); Hispanic (n = 7); Native American (n = 1); and “other” (n = 5).
¢ Approximately 18% of participants in each group responded with “do not know”; 2% selected “no response.”

sleepiness. However, these variables were not associated with
healing rate, and adding those to the logistic regression Model
4 (Table 1) did not attenuate the observed association between
dysphoria and wound healing.

Finally, in the light of evidence that smoking and ex-
cessive alcohol consumption influence immune function
(61) and recovery from surgery (62—64), we also analyzed
the data after the separate and collective exclusion of
tobacco users (n = 38), participants who admitted to using
recreational drugs (n = 8), and those who reported con-
suming =20 alcoholic beverages a week (n = 7). Applying
these rigorous selection strategies did again not attenuate
the observed association between dysphoria and wound
healing.

Dysphoria, Wound Healing, and Cortisol

All cortisol values were averaged over the five collection
days. No association was observed between depressive symp-
toms and diurnal cortisol, expressed as the area under the
curve (AUC) (R? = 0.002; p > .10). Also, no significant
association was found between BDI-sf scores and cortisol
levels at the different time points after controlling for gender,
body mass index, and smoking status (lowest p = .08). How-
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ever, regression analyses using the same covariates demon-
strated a small negative association between BDI-sf and the
average of all three morning levels (i.e., average of 8 AM,
9:30 AM, and 10:30 AM levels) (R? change = 0.029; p <
.05). There was also an association with delta morning-
evening cortisol (i.e., averaged morning values minus av-
eraged evening values) (R? change = 0.038; p < .01),
indicative of a flattened slope in participants who reported
higher numbers of depressive symptoms. No significant
differences in cortisol secretion (assessed as average AUC,
mean values for individual time points, aggregated time
points, or delta morning-evening) were found between
slower and faster healing groups (p > .20). Moreover,
adding these cortisol measures into the logistic regression
analyses did not attenuate the observed association between
dysphoria and oral wound healing (not shown). Replicating
prior research (39,40), loneliness was also not associated
with cortisol AUC. An association was, however, again
found with the delta of averaged morning-evening cortisol,
such that higher levels of loneliness were associated with
less cortisol decline during the day (R? change = 0.042;
p < .01) as well as lower average morning cortisol levels
(R? change = 0.045; p < .01).
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DISCUSSION

The present study investigated whether symptoms of de-
pression and loneliness predicted the healing of a standardized
palatal wound in a large sample of healthy young adults.
Higher BDI-sf scores were associated with slower healing.
High dysphoric individuals, identified as participants having a
BDI-sf symptom score of =8, exhibited larger wound sizes,
indicative of slower wound closure, and were over 3.5 times
more likely to be classified as slow healers (i.e., slower than
median healing rate). This substantial effect reflects a consis-
tent pattern in the literature on wound healing, demonstrating
a strong association between psychosocial distress and wound
healing (4,18). Two additional features of the present study
contribute to, and further strengthen, this literature: the use of
a large sample size allowed for greater statistical control of
potentially confounding factors than in previous studies; and
our finding further establishes that the effects of psychosocial
stress on dermal wound healing generalize to mucosal wounds
(cf, 16). This generalization is of significance because a large
proportion of surgical procedures involves damage to mucosal
(e.g., oral, gastrointestinal, genitourinary) tissues, and the ki-
netics of mucosal wound healing are substantially different
from dermal healing (48).

The association between dysphoria and wound healing was
not attenuated after controlling for a number of demographic
factors (e.g., gender, ethnicity) and health practices (e.g.,
alcohol, drug and tobacco use, sleep, oral hygiene). Moreover,
direct comparisons of high versus low dysphoric individuals
yielded no or only minimal differences on health-related and
lifestyle variables. Although there is epidemiological evidence
for associations between depressive symptoms and maladap-
tive health behaviors, our observations are largely in line with
a recent meta-analysis, which indicates that depressive symp-
toms are likely to be only a minor predictor of health-promot-
ing behaviors (65).

Optimal healing of wounded tissue involves a delicate
trade-off between inflammation and rapid wound closure
(49,50); inflammation is needed to clear debris and infection
but this process may also cause damage that delays the healing
process. In mucosal wounds, the balance is tilted toward low
inflammation and rapid healing (48). Processes that facilitate
inflammation also impair the rate of mucosal healing, and
populations that exhibit enhanced inflammatory reactivity
show a delay in mucosal wound healing (48,60). Interestingly,
there is good evidence that, in clinically depressed and dys-
phoric populations, inflammatory activity is upregulated (38).
It is therefore possible that such enhanced inflammatory ac-
tivity contributed to the delay in mucosal wound healing
observed in this study.

Glucocorticoids are important endocrine regulators of in-
flammation, and the present study investigated the possibility
of an association between circadian cortisol release and oral
wound healing. Glucocorticoids have long been known to
have a detrimental effect on wound healing, knowledge that is
largely based on observations in patients who experience
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prolonged increased glucocorticoid exposure, such as in Cush-
ing’s syndrome or as a result of dexamethasone treatment
(29,66,67). Notwithstanding, the link between wound repair
and glucocorticoid exposure is not straightforward. For exam-
ple, glucocorticoid administration before or during surgery,
including oral surgery, can have profound positive effects on
many surgical outcomes, such as edema and pain (presumably
by preventing excessive postsurgical inflammation) (68).
Moreover, animal studies have shown that repeated acute
stressors may facilitate wound healing (69). In the present
study, an aggregate analysis (5-day average) of circadian
cortisol release (e.g., AUC, morning levels, evening levels,
delta morning-evening levels) was unrelated to mucosal
wound healing. This suggests that, when within a normal
range, interindividual variations in circadian cortisol levels do
not have a major impact on the healing process. It remains
possible, however, that analyses of intraindividual changes
(70) or other aspects of HPA activity may yield relevant
associations with healing. Examples are response to awaken-
ing (17), cortisol values at time of wounding (20,27), and
tissue glucocorticoid sensitivity (38). Further, others have
suggested that field studies may have substantial error vari-
ance, due to saliva collection methods and noncompliance,
and thereby yield attenuated effect sizes (71,72).

Depressive symptomatology has broad dysregulating ef-
fects and, aside from the HPA axis, affects aberrantly on the
autonomic nervous system and the immune system (37,38,73—
75). The brain senses and responds to local inflammation (e.g.,
induced by wounding) via autonomic pathways (76,77), and
dysregulation of these pathways may therefore affect the
wound healing process. For example, recent studies have
shown that heightened adrenergic activity delays wound heal-
ing (78,79). Likewise, the parasympathetic nervous system is
an important regulator of inflammation (76,77). In light of
reports showing associations between depression and lowered
parasympathetic tone (75), it seems possible that reduced
parasympathetic activation may contribute to local inflamma-
tion and thereby delay healing (50,76). Importantly, most of
the mucosa, including the oral palate, is densely innervated by
parasympathetic nerves (47,80). Thus, further research into
the role of autonomic processes in wound healing seems
warranted. Psychophysiologists have a number of measure-
ment strategies available that facilitate such research. These
strategies include the monitoring of autonomic activity and
reactivity in laboratory and ambulatory settings, for example,
by utilizing impedance and electrocardiography or by measur-
ing plasma and urinary catecholamines (81,82). Other options
include monitoring wound healing in patients with autonomic
defects or in patients who use drugs that modulate autonomic
functions.

The present study adds to a larger literature showing that
depression and depressive symptoms are powerful predictors
of physical health outcomes (4,34,36,37). The study also
contributes to an ongoing debate on whether specific psycho-
social factors, rather than a general “negative affectivity”
factor, exert unique health effects (13). The present results
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appear consistent with a specificity model: although loneliness
and depressive symptom scores are correlated, no significant
association between wound healing and loneliness was ob-
served. Such specificity was not unexpected as dysphoria
and loneliness have distinct experiential, behavioral, and
genetic features and are therefore likely to affect health
through partially distinct pathways (38). A comparable
specificity has been reported for other health outcomes as
well, such as cardiovascular health and human immunode-
ficiency virus progression, whereby social factors (e.g.,
loneliness, social support) and depressive symptoms are
found to have unique contributions to developing pathology
and mortality (33,41,83).

A number of limitations of the current study should be
noted. For example, participants with known risk factors for
delayed healing, such as increased age and metabolic and
endocrine diseases (e.g., diabetes), were excluded and partic-
ipants with decidedly unhealthy lifestyles were rare; e.g., the
proportion of smokers was small (<20%, mostly light smok-
ers) and alcohol consumption was modest for most partici-
pants. The weak associations between health behaviors and
either wound healing or depressive symptoms may thus reflect
a restriction of sample variance. The current study cannot
answer how depressive symptomatology affects or interacts
with other risk factors. Meta-analysis shows that the effects of
stress on immune function are generally stronger in the aged
(73), whereas studies also show that depressive symptomatol-
ogy can aggravate risk factors such as diabetes. Thus, the
effects of depressive symptomatology on healing may be
larger in populations that exhibit other wound healing risk
factors. Another limitation of the present study is that mea-
surement of depressive symptoms was not accompanied by
clinical interviews. Although the use of questionnaires to
obtain an index for depression reflects a very common re-
search strategy, it limits the understanding of what specific
aspects of depressive symptomatology underlie the associa-
tion with the wound healing (e.g., clinical classification,
symptom intensity, the extent of comorbidity, and the duration
of symptoms). Finally, it needs to be established to what
extent the magnitude of the association between dysphoria and
wound healing is preserved in samples not preselected on high
and low depressive symptom scores.

Wound healing provides a compelling paradigm to test
whether psychosocial factors can influence clinically relevant
biological processes, and an important aspect of the current
finding is therefore its potential clinical implications. A large
fraction (at least 60%) of surgical procedures is elective, which
provides a window of opportunity for presurgical interventions
aiming at the modification of risk factors (84). Psychological
interventions in the form of educating patients about postsurgical
care are already a common element of presurgical care, and
several meta-analyses have shown that the well-informed patient
experiences less distress, uses less analgesics postoperatively (at
the same time reporting less pain), and performs better on various
other indices of recovery (5—12). Our results suggest that extend-
ing the focus of standard presurgical care to identify and treat the
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depressed patient, and even nondepressed individuals with in-
creased depressive symptom scores, may benefit postoperative
convalescence (cf, 85). Given the financial burdens of hospital
care and work absenteeism, this could also prove cost effective.
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