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Abstract

Obesity may contribute to cardiovascular disease (CVD) risk by eliciting chronic systemic inflammation and impairing
the immune response to additional stressors. There has been little assessment of the effect of obesity on psychological
stress, an independent risk factor for CVD. Therefore, it was of interest to examine interleukin-6, tumor necrosis
factor-u, interleukin-1 (IL-1J), interleukin-1 receptor antagonist (IL-1Ra), and leptin following an acute mental stress
task in nonobese and obese males. Twenty college-aged males (21.3 = 0.56 years) volunteered to participate in a 20-
min Stroop color-word and mirror-tracing task. Subjects were recruited for obese (body mass index: BMI > 30) and
nonobese (BMI < 25) groups, and blood samples were collected for enzyme-linked immunosorbent assay analysis.
The acute mental stress task elicited an increase in heart rate, catecholamines, and IL-1f in all subjects. Additionally,
acute mental stress increased cortisol concentrations in the nonobese group. There was a significant reduction in leptin
in obese subjects 30 min posttask compared with a decrease in nonobese subjects 120 min posttask. Interestingly, the
relationship between the percent change in leptin and IL-1Ra at 120 min posttask in response to an acute mental stress
task was only observed in nonobese individuals. This is the first study to suggest that adiposity in males may impact

leptin and inflammatory signaling mechanisms following acute mental stress.
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Cardiovascular disease (CVD) is the leading global cause of death,
accounting for approximately 30% of all reported deaths (CDC,
2011). Among traditional CVD risk factors, obesity is a major tar-
get of research and clinical importance due to its epidemic preva-
lence; approximately 35.7% of adults in the United States are
currently categorized as obese (body mass index; BMI > 30) and
an additional 32 million Americans are predicted to become obese
by 2030 (CDC, 2011; Flegal, Carroll, Kit, & Ogden, 2012). Obesity
contributes to the risk for CVD by acting as a chronic systemic
stressor and eliciting inflammation, which includes elevations in
basal levels of hormones, immune cells, and cytokines (Ippoliti,
Canitano, & Businaro, 2013). Interestingly, whereas an acute stres-
sor may elicit a protective inflammatory response, a chronic stres-
sor such as obesity can be maladaptive and impair an individual’s
ability to produce a beneficial immune response to an additional
stressor (Dragos & Tanasescu, 2010).

Considerable evidence has suggested that psychological stress
is an independent risk factor for CVD (Gu, Tang, & Yang, 2012;
Rozanski, Blumenthal, & Kaplan, 1999). Acute mental stress tasks
have been used as a laboratory model to examine the psychological
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stress response, inducing the release of catecholamines, cortisol,
and inflammatory cytokines into circulation (Benson et al., 2009;
Rohleder et al., 2006; Steptoe, Hamer, & Chida, 2007). Interest-
ingly, combined stressors, concurrent physical stress (physical
activity) with acute mental stress, have been shown to elicit a
greater physiological response relative to either stressor alone
(Webb et al., 2010). In addition, diseases known to have an ele-
vated inflammatory profile, such as CVD and rheumatoid arthritis,
have demonstrated an enhanced inflammatory response to mental
stress (Kop et al., 2008; Veldhuijzen van Zanten, Ring, Carroll, &
Kitas, 2005). Accordingly, it seems plausible that obesity, acting as
a chronic physical stressor, may augment the inflammatory
response to a psychological stressor. Although studies have failed
to observe differences in the catecholamine response of epineph-
rine (EPI) and norepinephrine (NE) to acute mental stress between
obese and nonobese individuals (Huang, Franco, Evans, Mari, &
Acevedo, 2014; Sothmann, Hart, & Horn, 1995), there is equivocal
evidence that blunted cortisol responses following an acute mental
stress task are associated with increased adiposity levels (Benson
et al., 2009; Jones et al., 2012; Phillips, Roseboom, Carroll, & deR-
00ij, 2012). In addition, there has been little examination of the
effect of obesity on inflammatory cytokine production following
acute mental stress. To date, only circulating interleukin-6 (IL-6;
Benson et al., 2009) and lipopolysaccharide-induced IL-6 and
tumor necrosis factor-a (TNF-o) responses (Huang et al., 2011)
have been examined in obese and nonobese participants following
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Figure 1. Schematic representation of the acute mental stress protocol.

an acute mental stress task. Therefore, it was of interest to examine
the effect of obesity on the physiological response to an acute men-
tal stress task in the context of additional immune signaling
messengers.

IL-6, TNF-u, and interleukin-1p (IL-1f) are potent proinflam-
matory mediators that contribute to the activation and migration of
immune cells, enhanced production of cytokines, and alteration of
the vascular endothelium (Juge-Aubry, Henrichot, & Meier, 2005).
In contrast, interleukin-1 receptor antagonist (IL-1Ra) is an antiin-
flammatory cytokine that competitively inhibits IL-1, attenuating
further proinflammatory cytokine production. Although increases
in IL-6 (Brydon et al., 2005; Steptoe, Willemson, Owen, Flower, &
Mohamed-Ali, 2001), TNF-o (Steptoe et al., 2001), IL-1/ (Brydon
et al., 2005; Heinz et al., 2003), and IL-1Ra (Rohleder et al., 2006;
Steptoe at al., 2001) have been reported following various acute
mental stress tasks, no studies to date have investigated these
markers concurrently following acute mental stress in obese and
nonobese individuals. Additionally, there is evidence that leptin, a
hormone released from adipocytes and associated with obesity,
increases relative to adiposity following acute mental stress (Bry-
don, 2011; Brydon et al., 2008). Leptin signaling can augment
cytokine production (likuni, Lam, Lu, Matarese, & La Cava, 2008)
and may provide a mechanism linking obesity and cytokine pro-
duction following acute mental stress. Therefore, the purpose of
this study was to examine changes in IL-6, TNF-a, IL-1f3, IL-1Ra,
and leptin following an acute mental stress task in obese and non-
obese participants. It was hypothesized that the combined impact
of an acute mental stress task and obesity would elicit a greater
proinflammatory response than the mental stress task alone (i.e.,
enhanced IL-6, TNF-o, IL-1f, and leptin with reduced IL-1Ra),
despite similar hormonal activation (EPI, NE, and cortisol).

Method
Subjects

Twenty apparently healthy male subjects between the ages of 18—
28 were recruited from the general population to participate in this
study. Subjects were categorized by their BMI into either a non-
obese (BMI<25) or obese (BMI>30) group. Subjects were
excluded from the study if they had known or suspected cardiovas-
cular, metabolic, rheumatologic, or other inflammatory diseases/
conditions or if they were taking medication, using tobacco prod-
ucts, consuming an average of more than 10 alcoholic beverages
per week, or actively participating in at least moderate physical
activity. Subjects were also excluded if they had a history of psy-

chological disorders or if they had experienced a major life event
(e.g., death in family, divorce, or wedding) within 30 days of par-
ticipation. Ten nonobese and ten obese subjects met the criteria
stated above and completed the study. Written informed consent
was obtained from each subject before participation in the study.
All procedures were approved by Virginia Commonwealth Univer-
sity’s Institutional Review Board.

Testing Procedures

Subjects were initially screened by completing the International
Physical Activity Questionnaire to determine participation in mod-
erate and vigorous physical activity (Craig et al., 2003). Addition-
ally, subjects completed a medical history questionnaire and had
percent body fat (%BF) assessed with dual-energy X-ray absorpti-
ometry (DXA; Lunar iDXA, GE Healthcare, Madison, WI) to con-
firm subject grouping (nonobese: %BF <25, obese: %BF > 30).
All subjects remained in the same group following the determina-
tion of %BF by DXA. Subjects who met study criteria were
instructed to report to the Exercise Physiology Research Laboratory
on two different occasions.

The first day, participants arrived at 7:00 am. Subjects partici-
pated in a 4-min mental stress task to familiarize themselves with
the psychological stressor. Subjects were instructed to refrain from
exercise for 48 h and caffeine and alcohol for 24 h prior to visiting
the laboratory for the second session. Within 48 h, participants
returned to the laboratory at 7:00 am following an overnight fast
(at least 9 h) and completed a Seven-Day Physical Activity Ques-
tionnaire (Blair et al., 1985). An intravenous catheter was inserted
by a certified phlebotomy technician. Subjects rested for 1 h and
blood was drawn immediately before the initiation of the acute
mental stress task (REST). Blood was drawn immediately post
(POST), 30 (POST30), and 120 (POST120) min following the
stress task as indicated in Figure 1.

Acute Mental Stress Task

A computer-based mental task was used, alternating between 2-
min cycles of a Stroop color-word and mental arithmetic tasks for a
total of 20 min. This protocol has been previously shown to elicit a
stress response as demonstrated by increases in State Anxiety
Index, heart rate (HR), and NE (Acevedo et al., 2006; Huang,
Franco, Evans, & Acevedo, 2010). As briefly described, subjects
were presented with a color-word on the screen, which was written
in a different color font. Simultaneously, the computer said a third
color, while the subjects were required to identify the font color in
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which the word was presented. A new color-word was given every
second for 2 min. Following the Stroop color-word task, subjects
were presented with a three-digit number from which they were
required to randomly subtract either 3, 7, 8, or 13. Auditory feed-
back was given by the program when participants entered an incor-
rect answer. The mental arithmetic task continued for 2 min. This
4-min cycle of two stressors occurred five times for a total of 20
min. Prior to the start of the task, subjects were instructed to work
as accurately and quickly as possible and informed that their scores
would be recorded. In addition, an investigator stayed in the room,
inducing a socioevaluative component by providing bogus critical
feedback to the subject regarding the number of incorrect answers,
the speed of their reactions, and their performance compared to
their peers. HR was collected using a polar heart rate monitor
(Polar Co., Port Washington, NY) prior to stress and every minute
during the mental stress task. Maximum HR (HRmax) was calcu-
lated as the highest HR recorded during the task, and HR reactivity
was calculated as HRmax — HR REST.

Quantification of EPI, NE, Cortisol, IL-6, TNF-a, IL-18,
IL-1Ra, and Leptin

Blood samples were collected for analysis of plasma EPI, NE, IL-6,
TNF-o, IL-1f, and IL-1Ra into EDTA tubes and immediately cen-
trifuged for 15 min at ~1000Xg at 4°C. Blood samples for the
analysis of serum cortisol and leptin were collected in serum sepa-
rator tubes and allowed to clot for 30 min at room temperature prior
to being centrifuged for 15 min at ~1000Xg at 4°C. All samples
were immediately aliquoted into microtubes and stored at —80°C
until analyzed. Sample concentrations were determined through
enzyme-linked immunosorbent assays according to manufacturer’s
specifications (EPI and NE: Labor Diagnostika Nord, Nordhorn,
Germany, and cortisol, IL-6, TNF-«, IL-1f, IL-1Ra, and leptin:
R&D Systems, Minneapolis, MN). All samples were analyzed in
duplicate, and the mean concentration of each sample was used for
statistical analysis. Interassay coefficient of variations (CVs) for the
measured samples were 2% (EPI), 8% (NE), 11% (cortisol), 12%
(IL-6), 12% (TNF-2), 14% (IL-1f), 10% (IL-1Ra), and 10% (lep-
tin). Intraassay CVs were 4% (EPI), 4% (NE), 7% (cortisol), 4%
(IL-6), 5% (TNF-a), 7% (IL-1p), 3% (IL-1Ra), and 5% (leptin).

Statistical Analysis

Subject demographics, HR reactivity, and mean stress HR were
compared using descriptive statistics and one-way analyses of var-
iance (ANOVAs). The effect of the acute mental stress task on HR
was examined using a repeated measures one-way ANOVA (HR
REST vs. HRmax and HR REST vs. mean stress HR). Addition-
ally, HR reactivity was compared between both tasks with a one-
way ANOVA to examine any differences in task. Q-Q plots were
examined for all blood markers, and log transformations were used
to approximate normal distributions for IL-6, TNF-«, IL-1Ra, and
leptin for all analyses. The assumption of sphericity was not met
for all blood measures; therefore, a multivariate analysis of var-
iance (MANOVA) was used to determine the impact of the acute
mental stress task on concentrations of EPI, NE, and cortisol
between the two groups (nonobese and obese) and across four
different time points (REST, POST, POST30, POST120). Further-
more, a MANOVA was used to examine IL-6, TNF-o, IL-1p, IL-
1Ra, and leptin concentrations in the two groups (nonobese and
obese) across three different time points (REST, POST30,
POST120). Effect size is reported as i ,f. If a significant main effect
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Table 1. Subject Characteristics

Nonobese Obese
Variable (N=10) (N=10)  pvalue 75,’
Age (yrs) 21.2£0.83 21.4£0.79 863 .002
Height (cm) 176.4 £2.06  180.7 £2.64 220 .082
Weight (kg) 6721204 122.1£6.86 <.001* .766
BMI (kg/mz) 21.8 £0.55 37.2+144  <.001* 911
BF (%) 16.7 = 1.31 40.0=1.12 <.001* .846
REST EPI (pg/mL) 56.5 £5.56 53.0£249 566 .019
REST NE (pg/mL) 359.0 £57.30 294.8 =41.45 376 .044
REST cortisol (ng/mL)  64.4*+7.36 49.1 =5.94 .045% 204
REST IL-6 (pg/mL) 0.7*+0.14 1.9+0.34 .006* 353
REST TNF-a (pg/mL) 1.3+0.10 2.1 +0.31 .033* 228
REST IL-1p (pg/mL) 0.2 +0.02 0.2 +0.02 145 117
REST IL-1Ra (pg/mL) 158.7=12.99 409.5*+40.17 <.001* .662
REST leptin (ng/mL) 1.7+0.33 2621471 <.001* 598
REST HR (bpm) 61.8£4.22 65.0£3.29 558 .019
Max HR (bpm) 86.0 = 4.65 88.9 +4.74 668  .010
HR reactivity (bpm) 242 £1.93 239 +3.18 937  .001
Mean stress HR (bpm) 72.5 +3.86 76.0 =3.22 494 .026

Note. Data are shown as mean = SEM. 112 = effect size; BF = body fat;
BMI = body mass index; REST = baseline measures; EPI = epinephrine;
NE = norepinephrine; IL-6 = interleukin-6; TNF-o. =tumor necrosis
factor-alpha; IL-1f = interleukin 1-beta; IL-1Ra = interleukin-1 receptor
antagonist.

*p <.05.

was observed for time, a one-way repeated measures ANOVA with
a Bonferroni post hoc analysis was used to examine at which time
points significant differences were found. If a significant effect for
both group and time were observed, Bonferroni post hoc analyses
were used in each group individually. A linear regression was uti-
lized to examine relationships between the percent change (%A) in
leptin and cytokine concentrations following the acute mental
stress task. %A from REST were assessed to minimize the impact
of significant differences in baseline values between groups. Addi-
tionally, if a significant association was observed within the linear
regression model, a hierarchical multiple regression was used to
determine the impact of REST cytokine values. All analyses were
run using SPSS (V21, Chicago, IL). Data are expressed as mean-
*+ standard error of mean (SEM) with statistical significance set at
p <.05.

Results
Subject Characteristics

Demographic characteristics for both nonobese and obese groups
are presented in Table 1. Weight, F(1,18)=58.853, p <.001,
ny =.766; BMI, F(1,18)=99.025, p<.001, n;=.911; %BF,
F(1,18) = 184.395, p < .001, 113 = .846; REST cortisol, F(1,18) =
4.621, p = .045, 113 =.204; IL-6, F(1,18)=9.820, p=.006,
ny =.353; TNF-o, F(1,18) =5.315, p=.033, 5, = .228; IL-1Ra,
F(1,18) =35.287, p < .001, 11,? =.662, and leptin, F(1,18)=
26.797, p < .001, npz = .598, were significantly different between
the groups, while age, height, EPI, NE, and IL-1f were not differ-
ent between groups. It should be noted that BMI and %BF had a
strong positive association, 7(19) = .914, p < .001, further support-
ing the categorization of subjects within each group.

HR, Catecholamine, and Cortisol Responses

HR REST, HRmax, HR reactivity, and mean HR are reported in
Table 1. HR significantly increased from REST to HRmax during
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Table 2. Physiological Stress Markers in Nonobese and Obese Subjects Following Acute Mental Stress
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Group Variable REST POST POST30 POST120
Nonobese EPI (pg/mL) 56.5 £5.57 66.2 = 4.67* 64.8 £6.17* 59.9 £2.36
(N=10) NE (pg/mL) 359.0 = 57.30 668.3 +93.98* 582.4 £80.21% 621.6 £97.53*
Cortisol (ng/mL) 69.4 £7.36 102.4 = 6.41%* 96.3 791 60.2 £6.75
IL-6 (pg/mL) 0.7*0.14 - 09=*0.11 1.1+£0.22
TNF-o (pg/mL) 1.3£0.10 - 1.2+0.10 1.1 £0.10
IL-1f (pg/ml) 0.2£0.02 - 0.2x0.03 0.3 £0.07%*
IL-1Ra (pg/ml) 158.7 = 12.99 - 158.9 = 11.54 146.0 £ 7.32
Leptin (ng/ml) 1.7£0.33 - 1.5+0.28 1.4 +0.22%
Obese EPI (pg/mL) 53.0£2.49 59.7 £ 2.83%* 57.4 £3.57* 59.3£3.02
(N=10) NE (pg/mL) 294.8 =41.45 576.4 + 99.88* 457.9 = 73.88%* 506.5 £ 52.27*
Cortisol (ng/mL) 49.1 £5.94 83.7+9.46 72.4 £8.54 44.6 £ 6.97
IL-6 (pg/mL) 1.9+034 - 2.0+0.39 2.1+0.59
TNF-o (pg/mL) 2.1£0.32 - 2.0+0.35 2.0+0.34
IL-1p (pg/ml) 0.2£0.02 - 02x03 0.3 £0.04%*
IL-1Ra (pg/ml) 409.5 = 40.17 - 398.9 +35.43 393.7+35.75
Leptin (ng/ml) 262471 - 238 £4.12* 24.1 =4.49

Note. Data are shown as mean = SEM. EPI = epinephrine; NE = norephinephrine; IL-6 = interleukin-6; TNF-o = tumor necrosis factor-alpha; IL-

1 = interleukin 1-beta; IL-1Ra = interleukin-1 receptor antagonist.
*p <.05 different from REST.
*¥p < .05 different from POST30.

the task, F(1,19) = 176.550, p < .001, 17p2 =.908, and from REST
to mean stress HR, F(1,19) = 16.045, p < .001, npz = .458. How-
ever, there was no significant difference in HR reactivity,
F(1,19) =.007, p = .937, 17,,2 =.001, or mean stress HR between
groups, F(1,19) = 488, p = .494, 11,)2 =.026. Additionally, there
was no significant difference in HR reactivity between the Stroop
color-word and mental arithmetic tasks, F(1,38) =.006, p = .938,
1,> = .000.

Catecholamine concentrations are reported in Table 2, and the
changeover time is shown in Figure 2. MANOVAs revealed a sig-
nificant main effect for time in EPI, F(3,16)=6.76, p =.004,
n,”=.559, and NE, F(3,16)=8.43, p=.001, 1,”=.612. How-
ever, the main effects for group were not significant (EPL
F(1,18) = 0.866, p =.365, 11,,2 =.046, and NE, F(1,18) =1.16,
p=.295, npz =.061). The Bonferroni pairwise analyses revealed
that EPI significantly increased at POST (p =.001) and POST30
(p = .044) as compared to REST, before returning to similar values
to REST at POST120. Likewise, NE concentrations were signifi-
cantly increased at POST (p <.001), POST30 (p =.003), and
POST120 (p = .003) as compared to REST. Interestingly, NE con-
centrations were significantly lower at POST30 compared to POST
(p =.011); however, the poststress NE concentrations did not
return to baseline levels at POST120.

Additionally, cortisol concentrations were examined following
the acute mental stress task, as shown in Table 2 and Figure 2. A
MANOVA revealed a significant main effect for time,
F(3,16) = 12.700, p<.001, 11,,2 =.704, and group, F(1,18)=
8.288,p = .010, 11p2 = .315. In the nonobese group, the Bonferroni
pairwise analyses revealed a significant increase in cortisol at
POST as compared to REST (p =.013), with concentrations at
POST30 and POST120 significantly lower than POST (p =.001
and p = .002, respectively). The main effect of time was not sig-
nificant in the one-way ANOVA for the obese group (p = .080).

IL-6, TNF-a, IL-1p, IL-1Ra, and Leptin Responses

Concentrations of IL-6, TNF-o, IL-1f, IL-1Ra, and leptin were
examined at REST, POST30, and POST120 and are reported in

Table 2 and Figure 2. A MANOVA for IL-6 concentrations did not
produce a significant main effect for time, F(2,17)=0.831,
p = .453, ;1,,2 = .089; however, there was a significant main effect
for group, F(1,18) =12.330, p = .002, npz = .407, with concentra-
tions greater in obese individuals compared to nonobese at all time
points. A MANOVA for TNF-« concentrations revealed a signifi-
cant main effect for time, F(2,17) =4.260, p = .032, 11,,2 =.334,
and a significant main effect for group, F(1,18) = 6.870, p =.017,
n p2 = .276, with concentrations greater in obese individuals at each
time point. However, when a one-way ANOVA was performed to
determine the differences in time within each group, statistical dif-
ferences were not detected. A MANOVA for IL-1f demonstrated a
significant main effect for time, F(2,17)=4.520, p=.027,
n,” =347, but not group, F(1,18)=0.037, p = .849, n,> = .002.
Since there was not a main effect for group, all subjects were com-
bined to determine the differences in time. A Bonferroni pairwise
comparison revealed a significant increase (p = .017) in IL-1f at
POST120 as compared with POST30. In addition, a MANOVA for
IL-1Ra did not reveal a significant main effect for time,
F(2,17)=0.899, p = .425, ;1,,2 =.096; however, there was a signif-
icant main effect for group, F(1,18) = 54.680, p < .001, ;1,,2 =.752,
with IL-1Ra elevated in obese individuals at all time points. A
MANOVA for leptin concentrations produced a significant main
effect for time, F(2,17) = 6.400, p = .008, r/,,z =.430, and a signif-
icant main effect for group, F(1,18) = 95.330, p < .001, 11,,2 =.841,
for leptin concentrations. A Bonferroni pairwise comparison in the
nonobese group revealed a significant decrease in leptin at
POSTI120 as compared to REST (p =.037). In the obese group,
there was a significant decrease in leptin at POST30 as compared
to REST (p =.020). Leptin concentrations were greater in the
obese group at each time point.

Associations Between Hormonal Responses and Subsequent
Cytokine Responses

Since leptin has been shown to influence the secretion of inflam-
matory cytokines (likuni et al., 2008), the relationships between
%A in leptin and cytokines were further examined. These
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relationships were examined independently within each group
because leptin changes occurred at different time points following
the acute mental stress task in the obese versus nonobese group.
Additionally, the significant difference in baseline levels between
the nonobese and obese group may have an impact on the percent
change following acute mental stress. There was a significant asso-
ciation between the %A in leptin POST120 and %A IL-1Ra
POSTI120 in the nonobese group only (R* = .518, F(1,9) = 10.661,
p = .011), as shown in Figure 3. After entry of baseline leptin and
IL-1Ra, the total variance explained by the model as a whole
remained significant (R* = .579, F(3,9) = 5.125, p = .043). Impor-
tantly, the baseline measures did not significantly contribute (R*
change = 0.148, F change (2,6) = 1.582, p = .281) to the associa-
tion between the %A in leptin POST120 and %A IL-1Ra

POST120. The response of leptin to an acute mental stress task was
not significantly associated with any other cytokine response.

Discussion

This is the first study to examine changes in IL-6, TNF-o, IL-1f,
IL-1Ra, and leptin following an acute mental stress task in obese
and nonobese males. The acute mental stress task elicited a signifi-
cant increase in HR, EPI, and NE in both groups, demonstrating
physiological activation in response to the stressor. Additionally,
there was a significant increase in IL-1f in both groups. Although
IL-6, TNF-o, and IL-1Ra did not change following acute mental
stress, they were elevated in the obese group at all time points.
There was a significant increase in cortisol in the nonobese group
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Figure 3. Relationship between the POST120 percent changes in leptin and IL-1Ra in the nonobese and obese groups.

only. Interestingly, a significant decrease in leptin was observed
earlier in the obese group (30 min posttask) than in the nonobese
group (120 min posttask). Furthermore, the association between
percent change in leptin and IL-1Ra at 120 min following the acute
mental stress task was shown to only be significant in the nonobese
group. Since leptin has previously been shown to regulate the
secretion of IL-1Ra (Gabay, Dreyer, Pellegrinelli, Chicheportiche,
& Meier, 2011), it is plausible that obesity may impact the interac-
tion between these two immune signaling messengers.

Sympathetic activation has been demonstrated to impact the
inflammatory mechanisms of interest in this investigation (Johnson
et al., 2005). Our results suggest that, in apparently healthy
college-aged males, obesity does not affect HR or catecholamine
production in response to acute mental stress. This is supported by
similar findings in other studies of apparently healthy males fol-
lowing acute mental stress (Huang et al., 2014; Sothmann et al.,
1995). Other chronic stressors, such as CVD and rheumatoid arthri-
tis, have been shown to impact physiological responses to mental
stress (Kop et al., 2008; Veldhuijzen van Zanten et al., 2005), and
it is plausible that other comorbidities may be necessary to detect
an effect of adiposity on the acute mental stress response. Addition-
ally, we did not observe an effect of obesity on the increase in IL-
1f concentrations. Together, these findings suggest that, in the
absence of comorbidities and other CVD risk factors, obesity alone
does not impact sympathetic markers of stress reactivity and IL-1f
following an acute mental stress task. Conversely, our results sug-
gest that obesity does impact cortisol concentrations in response to
acute mental stress. While cortisol increased in nonobese individu-
als following our acute mental stress protocol, there was no signifi-
cant change in obese individuals. Similar findings have been
reported by other investigators who observed blunted cortisol
responses with increased adiposity following acute mental stress
(Jones et al., 2012; Phillips et al., 2012).

At rest, IL-6, TNF-¢,, and IL-1Ra were significantly elevated in
obese individuals. These results support previous findings (Benson
et al., 2009; Charles et al., 2011; El-Wakkad, Hassan, Sibaii, &
El-Zayat, 2013; Ziccardi et al., 2002). It is important to note that
IL-6, TNF-¢,, and IL-1Ra concentrations were not affected by the
acute mental stress task. Previous findings consistently report
increases in IL-6 following models of acute mental stress in both
males and females (Brydon et al., 2005; Steptoe et al., 2001, 2007).
While our results were not significant, IL-6 concentrations were sim-
ilar to those reported by Steptoe, Owen, Kunz-Ebrecht, and
Mohamed-Ali (2002) with a similar increase following acute mental

stress. It is unclear why our protocol did not induce significant
changes in IL-6; however, our small sample size or the time points
of interest may have impacted the ability to determine significance.
In a meta-analysis, the effect for TNF-o. was not significant (Steptoe
et al., 2007), and in individual study findings, equivocal results have
been reported (Steptoe et al., 2001, 2002). Additionally, while many
studies suggest that IL-1Ra increases following acute mental stress
in women and both genders combined (Rohleder et al., 2006; Step-
toe et al.,, 2001, 2002), there have been studies that have not
observed a change in women (Brydon, 2011) or men (Steptoe et al.,
2002). Furthermore, our results did not indicate an effect of obesity
on the IL-1Ra response to the acute mental stress task. Only one
study has reported a significant association between the change in
IL-1Ra following acute mental stress and waist-hip circumference;
however, subjects were healthy and nonobese females, with a
reported mean BMI of 23.3 (SD =3.1) and mean %BF of 25%
(SD = 5.4; Brydon, 2011). One important consideration regarding
differences observed between our data and others may be the differ-
ences in the acute mental stressors (Steptoe et al., 2007). Physiologi-
cal responses may differ between public speaking, mirror tracing,
mental arithmetic, and the Stroop color-word task. Furthermore, addi-
tional measures of stress and immune activation, such as C-reactive
protein, would provide more clarity to the cytokine data reported in
this study. Future studies should examine the effects of adiposity on
other immune markers and other acute mental stress tasks.

This is the first study to examine leptin as a mechanism that
may distinguish the inflammatory response in obese and nonobese
individuals. At rest, leptin was significantly elevated in obese
males as compared to their nonobese counterparts. This is well sup-
ported in the literature (Juge-Aubrey et al., 2005; Meier et al.,
2002). Following acute mental stress, leptin concentrations
decreased in both groups. Equivocal responses have been reported
in female populations (Brydon et al., 2008; Tomiyama et al.,
2012); however, no known studies have utilized males. Addition-
ally, catecholamines are known to attenuate leptin production
(Rayner & Trayhurn, 2001), which may have contributed to our
findings. Interestingly, the decrease in leptin from resting values at
different time points in the nonobese and obese groups suggests a
potential impact of obesity on the production and clearance of lep-
tin. A significant decrease in leptin at 30 min posttask was
observed in the obese group, whereas the nonobese group demon-
strated a decrease at 120 min. The influence of testosterone and
cortisol may provide possible explanations for the varying time
point changes observed in our leptin concentrations following acute
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mental stress. Testosterone is known to inhibit leptin secretion
from adipocytes in vitro (Wabitsch et al., 1997) and has been
shown to increase following acute mental stress (Lennartsson,
Kushnir, Bergquist, Billig, & Jonsdottir, 2012). Circulating testos-
terone concentrations are lower with increased adiposity (Camacho
et al.,, 2013; Mogri, Dhindsa, Quattrin, Ghanim, & Dandona,
2013), and it is plausible that adiposity influences testosterone and
therefore leptin following acute mental stress. Additionally, gluco-
corticoids are known to increase leptin production (Leal-Cerro,
Soto, Martinez, Dieguez, & Casanueva, 2001). In the current study,
the increase in cortisol in the nonobese group may have stimulated
leptin production to counterbalance an inhibitory effect of testoster-
one and catecholamines, potentially delaying any reduction
observed in leptin following acute mental stress.

Our findings suggest a significant relationship between the per-
cent change in leptin and IL-1Ra at 120 min following an acute
mental stress task in nonobese subjects. This relationship existed
while controlling for BMI, percent BF, and baseline concentrations
of leptin and IL-1Ra. Monocyte and adipocyte in vitro stimulation
by leptin has been shown to increase IL-1Ra secretion, although
this has not been examined in cells taken from obese individuals
(Gabay et al., 2011; Perrier, Caldefie-Chezet, & Vasson, 2009).
Obese individuals display greater leptin concentrations, which
appear to contribute to reduced central leptin sensitivity in obesity
(Zhang & Scarpace, 2006). Impaired leptin signaling, due to
reduced leptin receptor sensitivity or saturated leptin signaling,
may impact the relationship between leptin and IL-1Ra in obese
individuals both at rest and in response to acute mental stress.
Additionally, IL-1Ra may be primarily regulated by different hor-
mones and cytokines following acute mental stress in obese indi-
viduals as compared to their nonobese counterparts. Examination
of leptin receptor sensitivity could provide additional information
about the effects of leptin on antiinflammatory cytokine production
following acute stress.

Several limitations to this study, including a relatively small
sample size, lack of a nonstress control condition, and precise time
points examined, may have influenced the interpretations to cellu-
lar responses of acute mental stress. Although our sample size is
relatively small, the comprehensive exclusion criteria resulted in a
fairly homogenous sample population that aimed to differentiate
the effect of adiposity in young males. The responses observed fol-
lowing acute mental stress are similar to those reported by other
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investigators (Phillips et al., 2012; Sothmann et al., 1995; Steptoe
et al., 2002). Additionally, while changes due entirely to mental
stress cannot be elucidated, experimental designs utilizing non-
stress control groups have observed no changes in HR, blood pres-
sure, and cytokines in the control group or in the nonstress
condition in a within-subjects design (Brydon, Edwards,
Mohamed-Ali, & Steptoe, 2004; Brydon et al., 2005; Heinz et al.,
2003). It should be noted that leptin has not been examined in a
nonstress control group and although leptin has a known diurnal
variation, the daily fluctuations are linked to meal timing and not
one’s circadian clock (Schoeller, Cella, Sinha, & Caro, 1997). This
meal-dependent variation has been completely abolished in mice
following a period of fasting (Ahren, 2000). Our subjects reported
to the Exercise Physiology Research Lab in a fasted state (~9 h
postprandial), and both groups completed the study at the same
time each day. Future examination should consider a within-
subject design and a larger sample size in order to improve the
detection of the effects of stress with the model used here. Lastly,
the exact time course for the secretion and degradation of leptin
and cytokines is unknown following acute mental stress, and our
results were limited to concentrations observed 30 and 120 min fol-
lowing our 20-min stressor. It is possible that more robust increases
and decreases occurred at time points that were not assessed, and
future studies should examine additional time points.

In conclusion, obesity appears to influence the effect of acute
mental stress on cortisol and leptin in apparently healthy college-
aged males, potentially impacting the inflammatory response to an
acute mental stress task. A significant relationship between the per-
cent change in leptin and IL-1Ra following the acute mental stress
task was only observed in the nonobese individuals. Additional
research is warranted to examine the effects of obesity on acute
mental stress responses and their association to CVD risk.
Although our findings were observed following a 20-min acute
mental stress protocol, it is believed that many individuals may
experience longer or repeated stress bouts. It is of interest to inves-
tigate additional models of acute mental stress that would allow for
comparisons that may be more closely related to real-life events.
The results of this study suggest that, while leptin and leptin resist-
ance are often examined in relation to hunger and satiety in obese
individuals, consideration should be given to other physiological
consequences related to leptin, including relationships to cytokine
activity following acute stressors.

References

Acevedo, E. O., Webb, H. E., Weldy, M. L., Fabianke, E. C., Orndorff,
G. R., & Starks, M.A. (2006). Cardiorespiratory responses of hi fit and
low fit subjects to mental challenge during exercise. International Jour-
nal of Sports Medicine, 27, 1013—1022. doi: 10.1055/5-2006-923902

Ahrén, B. (2000). Diurnal variation in circulating leptin is dependent on
gender, food intake and circulating insulin in mice. Acta Physiological
Scandinavia, 169, 325-331. doi: 10.1046/j.1365-201x.2000.00746.x

Benson, S., Arck, P. C., Tan, S., Mann, K., Hahn, S., Janssen, O. E., .. ..
Elsenbruch S. (2009). Effects of obesity on neuroendocrine, cardiovas-
cular, and immune cell responses to acute psychosocial stress in pre-
menopausal women. Psychoneuroendocrinology, 34, 181-189. doi:
10.1016/j.psyneuen.2008.08.019

Blair, S. N., Haskell, W. L., Ho, P., Paffenbarger, R .S., Jr., Vranizan,
K. M., Farquhar, J. W., & Wood, P. D. (1985). Assessment of habitual
physical activity by a seven-day recall in a community survey and con-
trolled experiments. American Journal Epidemiology, 122, 794-804.

Brydon, L. (2011). Adiposity, leptin, and stress reactivity in humans. Bio-
logical Psychology, 82, 114-120. doi: 10.1016/j.biopsycho.2010.02.010

Brydon, L., Edwards, S., Jia, H., Mohamed-Ali, V., Zachary, 1., Martin,
J. F., & Steptoe, A. (2005). Psychological stress activates interleukin-1

beta gene expression in human mononuclear cells. Brain Behavior and
Immunity, 19, 540-546. doi: 10.1016/j.bbi.2004.12.003

Brydon, L., Edwards, S., Mohamed-Ali, V., & Steptoe, A. (2004). Socioe-
conomic status and stress-induced increases in interleukin-6. Brain,
Behavior, and Immunity, 18, 281-290. doi: 10.1016/j.bbi.2003.09.011

Brydon, L., Wright, C. E., O’Donnell, K., Zachary, 1., Wardle, J., &
Steptoe, A. (2008). Stress-induced cytokine responses and central adi-
posity in young women. International Journal of Obesity, 32, 443—450.
doi: 10.1038/s.ij0.0803767

Camacho, E. M., Huhtaniemi, I. T., O’Neill, T. W, Finn, J. D., Pye, S. R.,
Lee, D. M., ...Wu, F. C. (2013). Age-associated changes in
hypothalamic-pituitary-testicular function in middle-aged and older
men are modified by weight change and lifestyle factors: Longitudinal
results from the European Male Ageing Study. European Journal of
Endocrinology, 168, 445-55. doi: 10.1530/EJE-12-0890

Center for Disease Control (CDC). (2011) Million Hearts: Strategies to
reduce the prevalence of leading cardiovascular disease risk factors.
MMWR Morbidity and Mortality Weekly Report, 60, 1248—1251.

Charles B. A., Doumatey, A., Huang, H., Zhou, J., Chen, G., Shriner, D.,
... Rotimi C. N. (2011). The roles of IL-6, IL-10, and IL-1ra in obesity


info:doi/10.1055/s-2006-923902
info:doi/10.1046/j.1365-201x.2000.00746.x
info:doi/10.1016/j.psyneuen.2008.08.019
info:doi/10.1016/j.biopsycho.2010.02.010
info:doi/10.1016/j.bbi.2004.12.003
info:doi/10.1016/j.bbi.2003.09.011
info:doi/10.1038/sj.ijo.0803767
info:doi/10.1530/EJE-12-0890

158

and insulin resistance in African Americans. Journal of Clinical Endo-
crinology and Metabolism, 96, E2018-E2022. doi: 10.1210/jc.2011-
1497

Craig, C. L., Marshall, A. L., Sjostrom, M., Bauman, A. E., Booth, M. L.,
Ainsworth, B. E., ... Oja P. (2003) International physical activity ques-
tionnaire: 12-country reliability and validity. Medicine and Science in
Sports and Exercise, 35, 1381-1395.

Dragos, D., & Tanasescu, M. D. (2010). The effect of stress on the defense
systems. Journal of Medicine and Life, 3, 10-18.

El-Wakkad, A., Hassan, N. M., Sibaii, H., & El-Zayat, S. R. (2013). Proin-
flammatory, anti-inflammatory cytokines and adipokines in students
with central obesity. Cytokine, 61, 682—687. doi: 10.1016/j.cyto.
2012.11.010

Flegal, K. M., Carroll, M. D., Kit, B. K., & Ogden, C. L. (2012). Preva-
lence of obesity and trends in the distribution of body mass index
among US adults, 1999-2010. Journal of the American Medical Associ-
ation, 307,491-497. doi: 10.1001/jama.2012.39

Gabay, C., Dreyer, M., Pellegrinelli, N., Chicheportiche, R., & Meier,
C. A. (2011). Leptin directly induces the secretion of interleukin 1
receptor antagonist in human monocytes. Journal of Clinical Endocri-
nology and Metabolism, 86, 783-791. doi: 10.1210/jcem.86.2.7245

Gu, H. F, Tang, C. K., & Yang, Y. Z. (2012). Psychological stress,
immune response, and atherosclerosis. Atherosclerosis, 223, 69-717.
doi: 10.1016/j.atherosclerosis.2012.01.021

Heinz, A., Hermann, D., Smolka, M. N., Rieks, M., Graf, K. J., Pohlau, D.,
... Bauer, M. (2003). Effects of acute psychological stress on adhesion
molecules, interleukins, and sex hormones: Implications for coronary
heart disease. Psychopharmacology, 165, 111-117. doi: 10.1007/
s00213-002-1244-6

Huang, C.J., Franco, R. L., Evans, R. K., & Acevedo, E. O. (2010). Effects
of mental challenge on neurovascular responses in healthy male sub-
jects. [International Journal Psychophysiology, 78, 225-230. doi:
10.1016/j.ijpsycho.2010.08.001

Huang, C. J., Franco, R. L., Evans, R. K., Mari, D. C., & Acevedo, E. O.
(2014). Stress-induced microvascular reactivity in normal-weight and
obese individuals. Applied Physiology, Nutrition, and Metabolism, 39,
47-52. doi: 10.1139/apnm-2013-0094

Huang, C. J., Stewart, J. K., Franco, R. L., Evans, R. K., Lee, Z. P., Cruz,
T. D., ... Acevedo, E. O. (2011). LPS-stimulated tumor necrosis
factor-alpha and interleukin-6 mRNA and cytokine responses following
acute psychological stress. Psychoneuroendocrinology, 36, 1553-1561.
doi: 10.1016/j.psyneuen.2011.04.009

Tikuni, N., Lam, Q. L., Lu, L., Matarese, G., & La Cava, A. (2008). Leptin
and inflammation. Current Immunological Reviews, 4, 70-79. doi:
10.2174/157339508784325046

Ippoliti, F., Canitano, N., & Businaro, R. (2013). Stress and obesity as risk
factors in cardiovascular diseases: A neuroimmune perspective. Journal
of Neuroimmune Pharmacology, 8, 212-226. doi: 10.1007/s11481-012-
9432-6

Johnson, J. D., Campisi, J., Sharkey, C. M., Kennedy, S. L., Nickerson, M.,
Greenwood, B. N., & Fleshner, M. (2005). Catecholamines mediate
stress-induced increases in peripheral and central inflammatory cyto-
kines. Neuroscience, 135, 1295-1307. doi: 10.1016/j.neuroscience.
2005.06.090

Jones, A., McMillan, M. R., Jones, R. W., Kowalik, G. T., Steeden, J. A.,
Deanfield, J. E., ... Muthurangu, V. (2012). Adiposity is associated
with blunted cardiovascular, neuroendocrine and cognitive responses to
acute mental stress. PLoS ONE, 7, e39143. doi: 10.1371/journal.
pone.0039143

Juge-Aubry, C. E., Henrichot, E., & Meier, C.A. (2005). Adipose tissue: A
regulator of inflammation. Best Practice Research Clinical Endocrinol-
ogy and Metabolism, 19, 547-566. doi: 10.1016/j.beem.2005.07.009

Kop, W. J., Weissman, N. J., Zhu, J., Bonsall, R. W., Doyle, M., Stretch,
M. R. ... Tracy, R. P. (2008). Effects of acute mental stress and exer-
cise on inflammatory markers in patients with coronary artery disease
and healthy controls. American Journal of Cardiology, 101, 767-773.
doi: 10.1016/j.amjcard.2007.11.006

Leal-Cerro, A., Soto, A., Martinez, M. A., Dieguez, C., & Casanueva, F. F.
(2001). Influence of cortisol status on leptin secretion. Pituitary, 4,
111-116. doi: 10.1023/A:1012903330944

Lennartsson, A. K., Kushnir, M. M., Bergquist, J., Billig, H., & Jonsdottir,
I. H. (2012). Sex steroid levels temporarily increase in response to acute
psychosocial stress in healthy men and women. International Journal
of Psychophysiology, 84, 246-253. doi: 10.1016/j.ijpsycho.2012.03.001

H.L. Caslin et al.

Meier, C. A., Bobbioni, E., Gabay, C., Assimacopoulos-Jeannet, F., Golay,
A., & Dayer, J. M. (2002). IL-1 receptor antagonist serum levels are
increased in human obesity: A possible link to the resistance to leptin?
Journal of Clinical Endocrinology and Metabolism, 87, 1184—1188.
doi: 10.1210/jcem.87.3.8351

Mogri, M., Dhindsa, S., Quattrin, T., Ghanim, H., & Dandona, P. (2013).
Testosterone concentrations in young pubertal and post-pubertal obese
males. Clinical Endocrinology, 78, 593-599. doi: 10.1111/cen.12018

Phillips, A. C., Roseboom, T. J., Carroll, D., & de Rooij, S. R. (2012). Car-
diovascular and cortisol reactions to acute psychological stress and adi-
posity: Cross-sectional and prospective associations in the Dutch
Famine Birth Cohort Study. Psychosomatic Medicine, 74, 699-710.
doi: 10.1097/PSY.0b013e31825e3b91

Perrier, S., Caldefie-Chézet, F., & Vasson, M. P. (2009). IL-1 family in
breast cancer: Potential interplay with leptin and other adipocytokines.
FEBS Letters, 583, 259-265. doi: 10.1016/j.febslet.2008.12.030

Rayner, D. V., & Trayhurn, P. (2001). Regulation of leptin production:
Sympathetic nervous system interactions. Journal of Molecular Medi-
cine, 79, 8-20. doi: 10.1163/157075611X618200

Rohleder, H., Wolf, J. M., Herpfer, 1., Fiebich, B., Kirschbaum, C., &
Lieb, K. (2006). No response of plasma substance P, but delayed
increase of interleukin-1 receptor antagonist to acute psychological
stress. Life Sciences, 78, 3082-3089. doi: 10.1016/j.1£5.2005.12.016

Rozanski, A., Blumenthal, J. A., & Kaplan, J. (1999). Impact of psycholog-
ical factors on the pathogenesis of cardiovascular disease and implica-
tions for therapy. Circulation, 99, 2192-2217. doi: 10.1161/
01.CIR.99.16.2192

Schoeller, D. A., Cella, L. K., Sinha, M. K., & Caro, J. F. (1997). Entrain-
ment of the diurnal rhythm of plasma leptin to meal timing. Journal of
Clinical Investigations, 100, 1882—1887. doi: 10.1172/JCI119717

Sothmann, M. S., Hart, B. A., & Horn, T. S. (1995). Selected psychophy-
siological stress responses in men with high and low body fatness. Med-
icine and Science in Sports and Exercise, 27, 417-422. doi: 10.1249/
00005768-199503000-00019

Steptoe, A., Hamer, M., & Chida, Y. (2007). The effects of acute psycho-
social stress on circulating inflammatory factors in humans: A review
and meta-analysis. Brain, Behavior, and Immunity, 21, 901-912. doi:
10.1016/j.bbi.2007.03.011

Steptoe, A., Owen, N., Kunz-Ebrecht, S., & Mohamed-Ali, V. (2002).
Inflammatory cytokines, socioeconomic status, and acute stress respon-
sivity. Brain Behavior and Immunology, 16, 774-784. doi: 10.1016/
S0889-1591(02)00030-2

Steptoe, A., Willemsen, G., Owen, N., Flower, L., & Mohamed-Ali, V.
(2001). Acute mental stress elicits delayed increases in circulating
inflammatory cytokine levels. Clinical Science, 101, 185-192. doi:
10.1042/cs1010185

Tomiyama, A. J., Schamarek, I., Lustig, R. H., Kirschbaum, C., Puterman,
E., Havel, P.J., & Epel, E. S. (2012). Leptin concentrations in response
to acute stress predict subsequent intake of comfort foods. Physiology
and Behavior, 107, 34-39. doi: 10.1016/j.physbeh.2012.04.021

Veldhuijzen van Zanten, J. J., Ring, C., Carroll, D., & Kitas, G.D. (2005).
Increased C reactive protein in response to acute stress in patients with
rheumatoid arthritis. Annals of Rheumatic Disease, 64,1299-1304. doi:
10.1136/ard.2004.032151

Wabitsch, M., Blum, W. F., Muche, R., Braun, M., Hube, F., Rascher, W.,
... Hauner, H. (1997). Contribution of androgens to the gender differ-
ence in leptin production in obese children and adolescents. Journal of
Clinical Investigations, 100, 808-813. doi: 10.1172/JCI119595

Webb, H. E., McMinn, D. R., Garten, R. S., Beckman, J. L., Kamimori,
G. H., & Acevedo, E. O. (2010). Cardiorespiratory responses of fire-
fighters to a computerized fire strategies and tactics drill during physi-
cal activity. Applied Ergonomics, 41, 376-381. doi: 10.1016/
j-apergo.2009.08.003

Zhang, Y., & Scarpace, P. J. (2006). The role of leptin in leptin resistance
and obesity. Physiology and Behavior, 88, 249-256. doi: 10.1016/
j-physbeh.2006.05.038

Ziccardi, P., Nappo, F., Giugliano, G., Esposito, K., Marfella, R., Cioffi,
M., ... Giugliano, D. (2002). Reduction of inflammatory cytokine con-
centrations and improvement of endothelial functions in obese women
after weight loss over one year. Circulation, 105, 804-809. doi:
10.1161/hc0702.104279

(Recevep March 27, 2015; Acceptep September 14, 2015)


info:doi/10.1210/jc.2011-1497
info:doi/10.1210/jc.2011-1497
info:doi/10.1016/j.cyto.2012.11.010
info:doi/10.1016/j.cyto.2012.11.010
info:doi/10.1001/jama.2012.39
info:doi/10.1210/jcem.86.2.7245
info:doi/10.1016/j.atherosclerosis.2012.01.021
info:doi/10.1007/s00213-002-1244-6
info:doi/10.1007/s00213-002-1244-6
info:doi/10.1016/j.ijpsycho.2010.08.001
info:doi/10.1139/apnm-2013-0094
info:doi/10.1016/j.psyneuen.2011.04.009
info:doi/10.2174/157339508784325046
info:doi/10.1007/s11481-012-9432-6
info:doi/10.1007/s11481-012-9432-6
info:doi/10.1016/j.neuroscience.2005.06.090
info:doi/10.1016/j.neuroscience.2005.06.090
info:doi/10.1371/journal.pone.0039143
info:doi/10.1371/journal.pone.0039143
info:doi/10.1016/j.beem.2005.07.009
info:doi/10.1016/j.amjcard.2007.11.006
info:doi/10.1023/A:1012903330944
info:doi/10.1016/j.ijpsycho.2012.03.001
info:doi/10.1210/jcem.87.3.8351
info:doi/10.1111/cen.12018
info:doi/10.1097/PSY.0b013e31825e3b91
info:doi/10.1016/j.febslet.2008.12.030
info:doi/10.1163/157075611X618200
info:doi/10.1016/j.lfs.2005.12.016
info:doi/10.1161/01.CIR.99.16.2192
info:doi/10.1161/01.CIR.99.16.2192
info:doi/10.1172/JCI119717
info:doi/10.1249/00005768-199503000-00019
info:doi/10.1249/00005768-199503000-00019
info:doi/10.1016/j.bbi.2007.03.011
info:doi/10.1016/S0889-1591(02)00030-2
info:doi/10.1016/S0889-1591(02)00030-2
info:doi/10.1042/cs1010185
info:doi/10.1016/j.physbeh.2012.04.021
info:doi/10.1136/ard.2004.032151
info:doi/10.1172/JCI119595
info:doi/10.1016/j.apergo.2009.08.003
info:doi/10.1016/j.apergo.2009.08.003
info:doi/10.1016/j.physbeh.2006.05.038
info:doi/10.1016/j.physbeh.2006.05.038
info:doi/10.1161/hc0702.104279

