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Introduction
Randomized trials show that regular exercise is accompanied 

by clinically relevant reductions in symptoms of anxiety [1,2], and 
experimental studies of a single session of exercise show a small 
reduction in state anxiety that varies according to the type and 
intensity of the exercise and the comparator used. Reductions in 
state anxiety have been most consistent after treadmill exercise at 
high intensities when compared to quiet rest [3]. However, with 
the exception of one study of yoga practice, the types of exercise in 
those published reports were limited to a prescribed exposure to 
traditional forms including walking or running on a treadmill, leg 
cycling, stair climbing, or resistance exercise rather than a mode 
of exercise routinely practiced by participants prior to their acute 
exposure in a laboratory or clinic.

Yoga, an alternative mindful exercise that is commonly 
performed at light-to-moderate intensities [4,5], is practiced by an  
estimated 10% of U.S. adults [6]. It has shown some promise as an 
adjuvant for treating anxiety and its comorbidities of depression, 
sleep disorders, and schizophrenia [7-10]. However, we could find 
only three experimental studies of state anxiety after a session of 
yoga practice [11-13].  Just one of those studies compared yoga 
to traditional exercise. In a sample of 40 psychiatric inpatients 
diagnosed with schizophrenia, anxiety was reduced after 30 
minutes of Hatha Yoga or 20 minutes of leg cycling exercise at 
self-selected intensity when each condition was compared to 20 
minutes of quiet rest or reading [13]. 
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Abstract 
Background: Anxiety reductions after traditional forms of exercise are typically small and most likely to occur after high intensities. Whether 

yoga, an alternative mindful exercise that is commonly practiced at light-to-moderate intensities, reduces anxiety is poorly understood.

Methods: Here, we examined whether 20 minutes of self-directed Hatha Yoga practice would protect against elevated anxiety and alter 
emotional processing measured as valence-modification of the acoustic startle eye blink response during emotional picture viewing.

Results: Compared to equally timed sessions of leg cycling exercise at self-selected intensity and quiet rest, yoga practice mitigated the increase 
in state anxiety elicited by picture viewing and subsequently protected against elevated anxiety during a second exposure to the emotional scenes. 
These effects were large enough (about one-half standard deviation) that they could be clinically meaningful. Yoga also attenuated the magnitude 
of the acoustic startle response to both pleasant and unpleasant picture content, but anxiety reduction after yoga was independent of the changes 
in startle response.

Conclusion: The results extend past findings by showing that yoga practice mollifies anxiety elicited by emotionally arousing pictures without 
altering emotional processing.
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Here, we studied a sample of yoga practitioners who did not 
have a known psychiatric disorder. Although they did not have 
elevated anxiety, we expanded on past research [3] by eliciting an 
emotional response in these participants prior to, and again after, 
exercise to test whether a change in emotional processing after 
yoga practice might help explain its expected anxiolytic effect. 
We also examined whether yoga might further protect against 
elevated anxiety in response to subsequent emotional provocation, 
as reported in a recent study of cycling exercise [14]. Emotional 
processing was assessed by affective ratings of emotional pictures 
and objectively by valence-modification of the acoustic startle eye 
blink response during picture viewing, which was not affected by 
leg cycling in a prior report [15]. 

Contemporary theorists characterize emotions as being 
organized along orthogonal dimensions of affective valence (i.e., 
pleasantness) and affective arousal. The two primary motivational 
systems along the valence dimension are the appetitive system, 
governing approach toward pleasant stimuli, and the defensive 
system, governing withdrawal from unpleasant, averse stimuli 
[16,17]. Emotional priming of these systems can be evidenced 
by the magnitude of the acoustic startle eye blink response 
(electromyographic measurement of the obligatory eye blink 
reflex after an acoustic startle probe), which is potentiated when 
processing unpleasant foreground stimuli (e.g., faces or scenes) but 
inhibited when processing pleasant stimuli [17]. An augmented 
startle response is seen in several anxiety disorders [18] and when 
anxiety is experimentally induced in people without an anxiety 
disorder [19]. Administration of anxiety-reducing drugs (e.g., 
benzodiazepines) to healthy people results in decreased startle 
response magnitude to unpleasant or threatening stimuli [20-22]. 

The aim of the study we report here was to examine whether 
yoga practice elicits a reduction in anxiety after emotional priming 
by exposure to scenes that elicit defensive or appetitive emotional 
systems. We compared responses after yoga practice, leg cycling 
exercise at self-selected intensity, and quiet rest. We hypothesized 
that state anxiety and the magnitude of the acoustic startle eye blink 
response during affective picture viewing would be attenuated after 
yoga practice but not after leg cycling exercise or quiet rest. We 
also hypothesized that decreased state anxiety would be positively 
associated with decreased startle magnitude. 

Materials and Methods
Recruitment 

 Protocols complied with the Declaration of Helsinki and 
were approved by the Institutional Review Board. Students were 
contacted via their university e-mail address and were invited to 
complete an online screening questionnaire (www.qualtrics.com). 
Individuals 18-35 years old who reported at least 150 minutes 
of moderate-to-vigorous physical activity in the week prior to 
screening, experience with yoga (at least once a month for 6 
months or more), and the ability to perform 20 minutes of self-
directed yoga were invited to participate in the study. Individuals 
with more than one risk factor for cardiovascular disease, a history 
of cold sensitivity (e.g. Reynaud’s syndrome), who were seeking 

clinical treatment for psychological disorders, or currently taking 
psychoactive drugs were ineligible for the study.

Participants  

A total of 229 undergraduates attending the University of 
Georgia responded and were screened. Of those, 45 were eligible 
and 23 were enrolled (i.e. gave informed consent to participate in 
the experiment and participated in at least one of the three visits). 
Six participants dropped out of the study for various reasons, and 
two participants completed the three visits but did not have useable 
eye blink data at one or more sessions. Here we report on 11 
females and 4 males who had regularly practiced Hatha Yoga for six 
months to 12 years and completed the experimental protocol.  They 
were aged 20 to 35 years (26.1±5.2), moderately active, reporting 
26 to 377 minutes per day of moderate, hard, or very hard physical 
activity the past week (133 ± 96), and most had normal weight with 
a body mass index (kg weight/m2 height) of 19.5 to 37 (23.8 ± 4.3).  

Procedures 
The seven-day physical activity recall validated for college 

students [23] was used to measure moderate-to-vigorous leisure 
time physical activity level the week prior to the study. Participants 
complete a medical questionnaire to confirm they were healthy 
enough to complete 20 minutes of moderate-intensity cycling 
exercise. Participants also reported their experience with yoga and 
their medication use. Participants completed 3 laboratory visits 
scheduled at least 2 days apart.  On their first visit to the laboratory, 
participants provided informed consent and screening for contra-
indications to exercise was accomplished with the Physical Activity 
Readiness Questionnaire [24]. Participants completed each of three 
randomly assigned conditions: a self-directed yoga session, a leg 
cycling session on a stationary cycle at self-selected intensity, and a 
quiet rest condition when the participant sat quietly in a chair in the 
cycling exercise room.  Cycling was done on a Lode electronically-
braked cycle ergometer. 

Warm-up (3 minutes, 25 Watts) was followed by 20 minutes of 
cycling at a self-selected intensity. Participants cycled at 40 Watts 
and were given the choice to maintain, increase, or reduce resistance 
by “a lot” (15 watts) or “a little” (5 watts) every five minutes until 
the end of the 20-minute bout (3 times total). Participants cooled 
down for 2 minutes at 25 Watts. There was a linear increase 
(p<.001) in power output from (mean ± SD) 52.3 ± 4.2 watts to 68.3 
± 11.8 watts. Average HR during the 20-minute session was 60 ± 
7.7 watts. Heart rate was measured continuously during cycling 
exercise using a Polar® Vantage XL heart rate monitor (Polar 
Electro, Inc., Woodbury, NY, model 145900). There was a linear 
increase (p<.001) in HR from (mean ± SD) 103 ± 19 bpm to 121 
± 26 bpm. Average HR during the 20-minute session was 113 ± 23 
bpm, 55% ± 12% of age-estimated maximum HR, which is light-to-
moderate intensity [25]. Yoga was completed in a secluded room. 
Participants were instructed to conduct a familiar warm-up for 3 
minutes prior to, and 2 minutes of a familiar cool-down routine 
(savasana) after, 20 minutes of self-directed yoga poses (asanas). 
There was no change (p=.672) in HR from (mean ± SD) 100 ± 22 
bpm to 98 ± 19 bpm. Average HR during the 20-minute session was 
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100 ± 20 bpm, 50% ± 10% of age-estimated maximum HR. Heart 
rate during Hatha Yoga in practitioners typically ranges between 80 
to 115 bpm, or about 50-55% of maximum HR [4,5]. Heart rate did 
not change during quiet rest (p= .414) and averaged 74 ± 17 bpm.

State anxiety 

Anxiety was assessed by the state version (X1) of the State-Trait 
Anxiety Inventory [26] administered at baseline after participant 
preparation, and again prior to and at the end of each affective 
picture show presentation.

Affective pictures 

Three randomly assigned presentations of affective pictures 
were used to manipulate emotional state during each of the three 
conditions. Participants viewed each presentation on a screen 
approximately 21inches from their face while seated in a semi-
recumbent position. Each affective presentation included 18 
scenes; 6 unpleasant, 6 pleasant, and 6 neutral photos chosen from 
the International Affective Picture System (IAPS) image pool [27].  
All pleasant and pleasant photos were rated as arousing [28], and 
each photo was only viewed once throughout the experiment [29].  
Each IAPS photo appeared for 6 seconds.  During the 10 seconds 
after each slide was presented, the participants provided affective 
ratings of valence and arousal using the Self-Assessment Manikin 
(SAM) rating scale. Ratings were followed by a random inter-
cluster interval ranging between 3-5 seconds.  Presentations lasted 
between 8 minutes and 55 seconds and 17 minutes and 35 seconds, 
depending on how long each participant took to respond to the 
SAM scales.  

Affective ratings 

The SAM rating scales [30] are analog scales used to measure 
subjective reports of affective valence and arousal. The SAM 
is a pictogram that exhibits levels of affective experience on 
independent continua of valence (from pleasant to unpleasant) 
and arousal (high arousal to low arousal). This is a 9-point scale 
that is marked with a pen or pencil. Participants were asked to rate 
their emotions felt during the presentation of each picture during 
the slide shows. Scores at averaged across each picture content 
(pleasant, neutral, unpleasant) at baseline before each condition 
were compared to published norms [27] for the slides employed to 
confirm that the slide content was perceived as intended. 

Acoustic startle probe 

The acoustic startle probe was administered once per picture 
during each affective presentation.  The second and third pictures in 
each cluster (12 of 18 pictures in presentation) were accompanied 
by a startle probe administered randomly between 2.5 and 5.5 
seconds following picture onset. The startle probe was a 50 ms 
burst of 95 dB (A) broadband white noise produced by a Coulbourn 
Instruments audio source module (model V85-05) and amplified 
by a RadioShack 40-watt amplifier. It was delivered binaurally 
through Sony model MDR-V200 dynamic stereo headphones, 
with an instantaneous rise/fall time [31]. The intensity of the 
acoustic stimulus was calibrated at the surface of the headphone 

using a sound level meter (General Radio Company, Concord 
Massachusetts). 

Electromyography (EMG) 

EMG recordings of the obicularis oculi provided recordings 
during each presentation of emotional scenes according to standard 
procedures [32].  The surface of the skin was lightly abraded, and 
two miniature biopotential skin electrodes filled with Mansfield 
R & DTD-40 electrode gel were attached 5 mm lateral from the 
exocanthion and 10 mm medial and 5 mm inferior to that location. 
Electrode impedance was verified as less than 10 kohm using a 
Grass electrode impedance meter (model EZM 4).  EMG signals were 
amplified 100 times using a Grass P5 series AC amplifier, digitized 
at 1000 Hz, and displayed using Spike2 version 6.08 software.  
Recorded data incl the mean amplitude and its standard deviation 
of the amplitude for the 1 second prior to probe onset, amplitude 
at probe onset, and peak amplitude within a response window of 
20-100 milliseconds after probe onset.  All amplitude measures 
were integrated, rectified, and expressed in millivolts.  Response 
amplitude was designated as the difference between amplitude at 
probe onset and peak amplitude. Trials with excessive background 
noise and trials during which the subject was blinking at the time of 
probe onset were excluded.  

Excessive background noise was defined as trials for which 
the standard deviation of the amplitude during the 1 second prior 
to probe onset was greater than or equal to 3 SD from the mean 
standard deviation within each subject per visit.  Spontaneous 
eye blinks at probe onset were identified as ≥ 3 SD from the mean 
amplitude of the 1 second prior to probe onset for each trial.  Finally, 
response amplitudes < 2 SD from the amplitude at probe onset 
were considered non-responses. A total of 51 startle responses 
were excluded because of excessive noise or blinking and 118 
trials were excluded as non-responses, leaving a total of 1451 valid 
startle responses out of 1620 probes (90%). Response magnitude 
was calculated as the product of mean response amplitude in 
millivolts and the response probability (mM=mA*P), where 
response probability represents the proportion of valid responses 
out of total possible responses for each valence [32].  Response 
magnitudes were transformed and expressed as z-scores within 
each participant for each day of testing to control for differences 
in basal EMG activity between subjects and within subjects across 
visits.

Statistical analyses 

 Statistical analyses were conducted using IBM SPSS version 
22. A3 condition (yoga, cycling, rest) x3 valence (positive, neutral, 
negative) x time repeated measures ANOVA tested the hypothesis 
of condition x time effects on state anxiety and condition x time 
x valence effects on emotional modulation of ASER magnitude. 
Interactions were decomposed using orthogonal polynomial 
contrasts for time and condition and Helmert contrasts of yoga with 
the cycling and rest conditions. Follow-up simple main effects of 
time within condition were also conducted by RM-ANOVAs within 
condition and valence. When assumptions of sphericity were 
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violated, we reported epsilon and Huynh-Feldt corrected estimates. 
Effect sizes associated with the F statistics are expressed as η2. 
Statistical power to detect a moderate effect (η2 ≥ .10) exceeded .80 
at an alpha of .05 [33]. 

 To determine whether startle eye blink magnitude was 
directly related to state anxiety, 3-Condition (yoga, cycling, quiet 
rest x 4-Time x Sex mixed model ANCOVAs with time-varying 
covariates were also conducted. Reduction in the F statistic and 
partial η2 in the adjusted (i.e., conditional) model, compared to 
the unconditional model, was interpreted as the startle eye blink 
magnitude accounting for a significant percentage of the change in 
state anxiety, i.e., 1 – (adjusted η2/ unconditional η2) [34].     

Results
State anxiety 

There was a linear interaction between condition and time 
when the yoga condition was contrasted with cycling and quiet rest 
[F (1, 14) = 4.878, p =.044, η2 = .258, ε = .692] displayed in (Figure 
1). Anxiety was increased by the first exposure to emotional scenes 
in all conditions and remained elevated after cycling and quiet rest 
[F (1, 14) = 5.328, p =.037, η2 = .276, ε = 0.656]. In contrast, a quartic 
effect for time in the yoga condition [F(1, 14) = 5.639, p =.032, η2 = 
.287, ε = 1.0] indicated that anxiety was reduced to pre-scene levels 
after yoga practice and remained lower after the second exposure 
to emotional scenes. 

Figure 1: State anxiety responses to emotional scenes according to condition.

Ratings of pleasantness and arousal 

There was a significant effect of scene valence on ratings of 
pleasantness [F (2, 28) = 298.396, p < .001, η2 = .955, ε = 0.912] 
and arousal [F (2, 28) = 41.649, p < .001, η2 = .748, ε = 0.725]. See 
(Figure 2). Consistent with expected effects of picture content, 
pleasantness was higher for positive scenes [F (1, 14) = 281.991, p 

< .001, η2 = .953], and lower for negative scenes [F (1, 14) = 407.515, 
p < .001, η2 = .967. Arousal was higher for negative scenes [F (1, 14) 
= 34.609, p < .001, η2 = .712] but not for positive scenes [F (1, 14) = 
1.838, p = .197, η2 = .116]. The condition-by-time-by-valence effect 
was not significant for pleasantness [F(2, 56) = 1.777, p =.108, η2 = 
.113, ε = 0.805] or arousal [F(2, 56) = 0.799, p =.597, η2 = .054, ε = 
0.931].   

Figure 2: Affective ratings according to valence of emotional scenes.
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Eye blink response magnitude 

There was a significant effect of valence [F (2, 28) = 4.147, p 
= .026, η2 = .229, ε = 1.00]. Consistent with expected effects of 

picture content, the magnitude of eye blink response was higher 
for negative scenes [F(1, 14) = 6.592, p = .022, η2 = .320] and lower 
for positive scenes [F(1, 14) = 6.006, p = .028, η2 = .300], and. See 
(Figure 3). 

Figure 3: Acoustic startle eye blink responses according to valence of emotional scenes.

There was a 3-way linear interaction between condition, 
time, and valence when the yoga condition was contrasted with 
cycling and quiet rest [F (1, 11) = 5.969, p =.033, η2 = .352, ε = 1.0]. 

There was a linear decline in eye blink magnitude in response to 
unpleasant and pleasant scenes compared to neutral scenes, after 
yoga compared to cycling and quiet rest. See (Figure 4). 

Figure 4: Acoustic startle eye blink responses according to condition by time for negative or unpleasant valence (top panel) and positive or 
pleasant valence (bottom panel) of emotional scenes.

Time-varying ANCOVA indicated that state anxiety after 
viewing pictures in the yoga practice condition, F (2,28)= 3.62, 
p=.040, η2=.205, was unrelated to eye blink magnitude in response 
to either unpleasant picture content (adjusted analysis: F (2, 27) 

= 3.69, p=.038, β = .172, p=.541, and η2=.215) or pleasant picture 
content (adjusted analysis: F (2, 27) = 3.51, p=.044 β = .130, p=.645, 
and η2=.206), respectively.
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Discussion  
The primary novel findings of the study are that a session of 

yoga practice mitigated the increase in state anxiety elicited by 
affective picture viewing and attenuated the magnitude of the 
acoustic startle response to both pleasant and unpleasant picture 
content, when compared to leg cycling exercise and quiet rest.  The 
concurrent reductions in self-reported anxiety and the startle eye 
blink probe provide convergent subjective and objective evidence 
that yoga practice was anxiolytic. Yoga practice also protected 
against elevated state anxiety during a second exposure to the 
emotional scenes. 

However, state anxiety after yoga was unrelated to startle eye 
blink response, and neither pleasantness nor emotional arousal in 
response to picture content was altered by yoga practice. Although 
yoga reduced anxiety after emotional priming by scenes that 
elicited either defensive- or appetitive-emotional systems, the 
hypothesis that anxiety reduction after yoga would be explainable 
by altered emotional processing was not supported. Neither yoga 
nor leg cycling altered the appraisal of picture content as pleasant, 
unpleasant or arousing. Thus, the results extend past findings by 
showing that yoga practice reduces anxiety elicited by emotionally 
arousing pictures and may provide anxiolytic prophylaxis against 
subsequent emotional provocation. However, like leg cycling 
exercise, yoga did not alter emotional processing measured 
here as valence-modification of the acoustic startle eye blink 
response during emotional picture viewing.  Hence, we interpret 
the attenuated startle response after yoga as a general neural 
deactivation or relaxation effect [15].

The results agree with earlier reports from our laboratory that 
low- or moderate-intensity leg cycling exercise does not alter state 
anxiety or emotional responding measured by ratings of affective 
picture content and the acoustic startle eye blink response, when 
compared to quiet rest [15,35]. Here, participants chose to cycle at 
about 55% of maximum HR, similar to the average intensity of Hatha 
Yoga practice, which approximates an intensity that is less than 
40% VO2peak, when given opportunities to change the intensity 
as they preferred. We did not assess whether participants viewed 
yoga practice or leg cycling as pleasant or unpleasant during each 
session, which might influence state anxiety after high intensity, but 
likely not the light intensity exercise used here [36]. We previously 
reported that moderate intensity leg cycling is evaluated as an 
emotionally neutral experience [37]. 

We are aware of only two other reports of randomized studies 
of anxiety after a single session of yoga practice. In a study of 86 
men and women aged 18 to 64 years who had completed a one-
month yoga course, state anxiety was reduced in participants 
assigned to 20 min of shavasana (corpse pose) but not after 20 
minutes of supine rest [11]. In a study of young male residents at 
a yoga center, anxiety was lowered more after about 10 minutes of 
cyclic meditation yoga postures followed by 10 minutes of corpse 
pose, when compared with an equal period of corpse pose only 

[12]. Explanations for the anxiety reductions were not tested in 
those studies.

Conclusion 
The results extend past findings by showing that Hatha 

Yoga practice reduced anxiety elicited by emotionally arousing 
pictures and provided prophylaxis against subsequent emotional 
provocation. The effects of Yoga were large enough (about one-half 
standard deviation) that they could be clinically meaningful. The 
reduction in the objective startle response concurrent with lowered 
self-reported anxiety supports that yoga practice is anxiolytic, but 
anxiety responses did not depend on the startle response, and like 
leg cycling exercise, yoga did not alter emotional processing of 
affective scenes.
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