
Multiple-Response Biofeedback Assisted Relaxation
for Generalized Anxiety Disorder

Relajación asistida por biorretroalimentación de respuesta múltiple para el
trastorno de ansiedad generalizada

Among the current interventions for generalized anxiety disorder (GAD), biofeedback-based
training has shown efficacy at reducing physiological arousal associated to the anxiety
response. Traditional protocols however generally include recordings of a small number of
physiological responses. In addition, few studies have explored if biofeedback can impact on
cognitive symptoms of GAD such as excessive worry. The purpose of this study was to
determine the efficacy of a multiple-response biofeedback training protocol in reducing
physiological arousal of GAD and determine if these changes can impact on worry and
co-occurring depressive symptoms. Fifteen GAD patients (9 women and 6 men) completed
individual treatment comprising eleven biofeedback-assisted sessions. Psychophysiological
recordings were taken and excessive worry, as well as anxiety and depressive symptoms were
measured before and after training. Friedman ANOVA tests and objective clinical change
showed positive effects by reducing levels of excessive worry as well as reported anxiety and
depressive symptoms. Improvement also occurred on muscle tension and respiratory amplitude
after treatment as supported by previous studies. No significant effects were observed in
respiratory rate, heart rate, peripheral temperature or skin conductance. Findings of the present
study support biofeedback-based interventions as an effective alternative for GAD and
co-occurring depressive symptoms.  

Keywords: biofeedback, worry, stress profile, relaxation training, physiological arousal. 

Entre las intervenciones para el trastorno de ansiedad generalizada (TAG), la retroalimentación
biológica ha demostrado ser eficaz disminuyendo la activación fisiológica asociada a la
respuesta de ansiedad. Sin embargo, los protocolos tradicionales registran un número reducido
de respuestas y pocos han evaluado el efecto de esta herramienta sobre la sintomatología
cognitiva del TAG. El propósito del presente estudio fue determinar la eficacia de un protocolo
múltiple basado en retroalimentación biológica sobre la activación fisiológica, además de
determinar si estos cambios pueden disminuir la presencia de preocupaciones y sintomatología
depresiva asociada. Quince pacientes con TAG (9 mujeres y 6 hombres) completaron un
protocolo individual conformado por once sesiones de entrenamiento. Se registraron perfiles
psicofisiológicos y se evaluó la presencia se preocupaciones, así como síntomas de ansiedad y
depresión antes y después del entrenamiento. El ANOVA de Friedman y el cambio clínico
objetivo mostraron disminución significativa en las tres variables al final del entrenamiento.
Adicionalmente se observaron efectos positivos sobre tensión muscular y amplitud respiratoria,
lo cual concuerda con estudios previos. No se observaron efectos sobre las demás respuestas
evaluadas. Estos hallazgos apoyan el empleo de la retroalimentación biológica como una
alternativa de tratamiento para el TAG y los síntomas depresivos comórbidos. 

Pa la bras cla ve: retroalimentación biológica, preocupación, perfil de estrés, relajación,
activación fisiológica.
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Accor ding to DSM-V, ge ne ra li zed an xiety di sor der (GAD) 
is de fi ned by the pre sen ce of ex ces si ve and un con tro lla ble
worry re la ted to a va riety of areas of func tio ning (health, mo -
ney, work, etc.) for no less than six months. Worry in GAD is
of ten ac com pa nied by rest less ness, fa ti gue, con cen tra tion dif -
fi cul ties, irri ta bi lity, mus cle ten sion and sleep dis tur ban ces
(Ame ri can Psychia tric Asso cia tion, 2013). GAD is con si de red
one of the most pre va lent an xiety di sor ders worl dwi de, in Me -
xi co its li fe ti me pre va len ce stands at 0.9% of the ge ne ral po pu -
la tion (Me di na-Mora, Bor ges, Ben jet, Lara, & Ber glund,
2007), whi le in Me xi co City this di sor der shows a pre va len ce
of 3% and 7% for young men and wo men from 12 to 17 years
old (Ben jet et al., 2009). In ad di tion to psycho lo gi cal
symptoms, an xiety res pon se of ten in clu des the ac ti va tion of
the mus cu los ke le tal system as well as the Au to no mic Ner vous
System (ANS), spe ci fi cally the sympat he tic ner vous system
(SNS) lea ding to in crea sed heart rate, blood pres su re and res pi -
ra tory rate, as well as de crea sed pe rip he ral tem pe ra tu re in both, 
upper and lo wer ex tre mi ties as well as in crea sed mus cle ten -
sion, mainly in fron ta lis and gas troc ne mius, two mus cle groups 
strongly re la ted to stress and an xiety res pon ses (Kalt sas &
Chrou sos, 2007; McLeod, Hoehn-Sa ric, & Ste fan, 1986; Singh 
& Sah ni, 2000). In the case of GAD, the re search li te ra tu re has
shown some in con sis tent fin dings re gar ding physio lo gi cal
arou sal as a fea tu re of this di sor der. Stu dies sup por ting arou sal
have re por ted in crea sed elec trom yo grap hic ac ti vity (EMG) in
GAD and pa nic di sor der (PD) pa tients com pa red to con trols
(Haz lett, McLeod, & Hoehn-Sa ric, 1994; Hoehn-Sa ric,
McLeod, & Zim mer li, 1989; Hoehn-Sa ric, Haz lett, Pour mo -
tab bed, & McLeod, 1997; Pluess, Con rad, & Wil helm, 2009).
Others have re por ted in crea sed heart rate in “ex ces si ve wo -
rriers” com pa red to con trols (Knepp & Fried man, 2008) as
well as in crea sed skin con duc tan ce res pon ses (SCR)
(Kirschner et al., 2016). In con trast, some aut hors have re por -
ted the ab sen ce of dif fe ren ces bet ween con trols and GAD sub -
jects in sympat he tic and car diac va gal ac ti vity (Ham mel et al.,
2011). The se fin dings are sup por ted by ot hers, who have fai led 
to find dif fe ren ces in au to no mic arou sal in GAD pa tients
through mea su res of skin con duc tan ce res pon se (SCR), heart
rate (HR), blood pres su re and res pi ra tion (Fis her, Gran ger, &
New man, 2010; Hoehn-Sa ric, Mac Leod, Fun der burk, & Ko -
wals ki, 2004; Hoehn-Sa ric & McLeod, 2000; Roth et al.,
2008). Mo reo ver, GAD pa tients have shown lo wer va lues of
SCR when com pa red to non-an xious con trols at ba se li ne
(Hoehn-Sa ric et al., 1989; Roth et al., 2008). The se con tra dic -
tory fin dings have led to won der whet her phsysio lo gi cal arou -
sal should be con cei ved as a main fea tu re in diag no sing GAD.
One pos si ble ex pla na tion for the se con tra dic tory fin dings
could be that sub je ti ve re ports of physio lo gi cal arou sal usually
fail to match the ac tual rec cor dings in GAD pa tients. Although
the se pa tients are able to iden tify the di rec tion of chan ges in
res pon ses like heart rate (an in crea se or de crea se in arou sal),
they tend to mag nify the se chan ges in com pa ri son with non-an -
xious par ti ci pants (Hoehn-Sa ric & McLeod, 2000). This un -
der li nes the im por tan ce of in clu ding pshysio lo gi cal eva lua tion
to as sess arou sal. Anot her pos si bi lity is that GAD ap pears to be 

pre do mi nantly a cog ni ti ve di sor der, in com pa ri son to other
anxiety disorders such as PD.

Among the cu rrent in ter ven tions for GAD, bio feed -
back-ba sed trai ning has shown  ef fi cacy at re du cing physio lo -
gi cal arou sal as so cia ted to the ex pe rien ce of an xiety. One of
the first stu dies that eva lua ted the ef fi cacy of bio feed back in
trea ting GAD com bi ned feed back-as sis ted pro gres si ve mus cle
re la xa tion with cog ni ti ve beha vio ral tech ni ques (CBT) in
GAD and PD pa tients through 18 ses sions. Re sults es ti ma ted
through EMG and HR re cor dings sho wed sig nif fi cant de crea -
ses in mus cle ten sion for both, GAD and PD pa tients af ter
treat ment whi le HR sho wed no dif fe ren ces from pre to post
treat ment eva lua tion (Bar low et al., 1984). Anot her study con -
duc ted by Rice, Blan chard and Pur cell (1993) exa mi ned the ef -
fi cacy of a four-con di tion treat ment pro to col for GAD in which 
one of the com po nents con sis ted of fron tal EMG feed back.
Effects were es ti ma ted through HR, fron tal EMG ac ti vity, skin
re sis tan ce and pe rip he ral tem pe ra tu re in upper ex tre mi ties. Pre
to post eva lua tion re sults sho wed a slight de crea se in EMG ac -
ti vity with litt le or no chan ge in the ot her three res pon ses. Re -
cently, Agniho tri, Paul and Sand hu (2007) con duc ted a study
in which pa tients were as sig ned to one of three con di tions: a)
EEG alp ha ac ti vity trai ning, b) fron tal EMG bio feed back trai -
ning and c) a con trol con di tion. Mea su res of fron tal EMG re -
cor dings and blood pres su re sho wed sig ni fi cant re duc tions in
both ex pe ri men tal groups whi le the con trol group sho wed no
chan ges from pre to post treat ment. Few stu dies in clu ding bio -
feed back-as sis ted in ter ven tions for ge ne ra li zed an xiety have
in clu ded psycho lo gi cal mea su res as an at tempt to test if
physio lo gi cal chan ges can in di rectly im pact core fea tu res of
GAD such as worry and per cep tion of physi cal symptoms of
an xiety. The sin gle study found to date ad dres sing this is sue
eva lua ted the ef fi cacy of a bio feed back as sis ted vir tual rea -
lity-ba sed pro to col on worry, physi cal symptoms of an xiety
and heart rate as the main physio lo gi cal res pon se. Accor ding to 
the aut hors, no po si ti ve ef fects were re por ted on the amount of
wo rri so me thoughts (PSWQ) or on heart rate. Re por ted
symptoms of an xiety sig ni fi cantly re du ced af ter treat ment as
sho wed by the BAI and the Sta te and Trait Anxiety Inventory
(Gorini et al., 2010). Even when worry didn’t appear to be
affected by treatment, methodological issues as well as lacking
of data and analyses description hinder the answer regarding
the positive effects of biofeedback on excessive worry. 

Even when stu dies have shown some ef fi cacy at re du cing
physio lo gi cal arou sal as so cia ted to GAD, the ma jo rity of them
have in clu ded only few physio lo gi cal res pon ses in both trai -
ning and eva lua tion. This rai ses the ques tion of whet her the po -
si ti ve ef fects of bio feed back can be seen in a wi der ran ge of
res pon ses and whet her ef fects can be po ten tia ted through si -
mul ta neous trai ning of mul ti ple physio lo gi cal res pon ses and if
this in ter ven tion is also ef fec ti ve in re du cing de pres sion
symptoms nor mally co-oc cu rring with GAD (Car ter, Witt -
chen, Pfis ter, & Kess ler, 2001; Grant et al., 2005). Thus, the
pur po se of the pre sent study was to de ter mi ne if po si ti ve
physio lo gi cal ef fects of bio feed back could im pact worry as
well as per cei ved symptoms of an xiety and de pres sion in a

59BIOFEEDBACK ASSISTED RELAXATION FOR GAD



group of GAD pa tients, and if physio lo gi cal effects could be
potentiated through a multiple-response biofeedback training.

Met hod

Par ti ci pants

Fif teen pa tients (9 wo men, 6 men, Xage= 47 years,
DS=13.59) from Me xi co’s Na tio nal Insti tu te of Psychiatry
(INPRF) were in vi ted to par ti ci pa te. All pa tients were diag no -
sed with GAD using DSM-V cri te ria by a trai ned psychia trist
af fi lia ted to the ins ti tu tion and una wa re of the pur po se of the
study. Pa tients were ad di tio nally eva lua ted for an xiety and de -
pres sion sympto ma to logy and GAD diag no sis was con fir med
through a symptom chec klist ac cor ding to DSM-V cri te ria
con duc ted by a trai ned psycho lo gist. All GAD pa tients were
ta king pres cri bed SSRI’s an ti de pres sants at the be gin ning of
the study ac cor ding to ins ti tu tio nal norms (See Ta ble 1). Data
from pa tients who se main diag no sis was not GAD and/or who -
se an xiety symptoms were as so cia ted to sub stan ce use were ex -
clu ded from furt her analy sis. 

Study de sign

After sig ning in for med con sent, all fif teen pa tients were in -
di vi dually as sig ned to a sin gle bio feed back-ba sed in ter ven tion
con sis ting of ele ven, one-hour ses sions in which they re cei ved
mul ti ple res pon se bio feed back trai ning through five physio lo gi -
cal res pon ses: sur fa ce elec trom yo grap hic ac ti vity (sEMG), heart 
rate HR, skin con duc tan ce res pon se (SCR), pe rip he ral tem pe ra -
tu re and res pi ra tory rate and am pli tu de. Feed back was as sis ted
with three dif fe rent re la xa tion tech ni ques: diaph rag ma tic breat -
hing, pro gres si ve mus cle re la xa tion and au to ge nic trai ning, this
se quen ce was main tai ned across all in ter ven tions. A wit hin sub -
jects de sign (n=1) was used for con duc ting the in ter ven tions,
and sta tis ti cal analy ses were ba sed on wit hin group sco res from
pre, post and fo llow-up eva lua tions ai med to de ter mi ne physio -
lo gi cal and psycho lo gi cal ef fects af ter trai ning. 

Physio lo gi cal va ria bles

Sur fa ce EMG was mea su red with three Ag/AgCl dis po sa ble
elec tro des pla ced on the fo rehead with one of them alig ned with
the na sal sep tum, and the ot her two one-quar ter inch abo ve the

eye brow, di rectly abo ve the idle po si tion of the iris of the eyes.
The MyoS can-Pro sen sor’s can re cord sEMG sig nals from zero
up to 2000 mi cro volts (mV) with an ac ti ve ran ge of 10 to 500
Hz. For pre pa ra tion, skin was clean sed with cot ton and rub bing
al cohol be fo re pla cing the elec tro des; no con duc ti ve gel was
nee ded. Fron tal pla ce ment was cho sen sin ce it is con si de red a
good in di ca tor of ge ne ral emo tio nal sta te as one of the ori gi nal
si tes used in psychoph ysio lo gi cal re search, par ti cu larly in as ses -
sing physio lo gi cal res pon ses to stress and spe ci fi cally GAD
(Haz lett et al., 1994; Hoehn-Sa ric et al., 1989; Hoehn-Sa ric,
McLeod, & Zim mer li, 1991; McLeod, Hoehn-Sa ric, & Ste fan,
1986). For re cor ding HR a BVP sig nal was used through pho to -
plethysmo graphy, which boun ces in fra red light against skin sur -
fa ce and mea su res the amount of re flec ted light. The sen sor was
pla ced on the in dex fin ger tip of the do mi nant hand af ter clea ning 
the area. For SCR two Ag/AgCl dis po sa ble elec tro des were pla -
ced on the midd le pha lan ges of fin gers 2 and 4 of the non-do mi -
nant hand. Elec tro des with a cir cu lar con tact area were pla ced
di rectly over the skin af ter clea ning the con tact sur fa ce with wa -
ter; no iso to nic so lu tion was re qui red. Skin Con duc tan ce was
mea su red in a ran ge from 0 to 30.0 mi cro Sie mens (mS). For pe -
rip he ral tem pe ra tu re a ther mis tor was at ta ched with a small pie -
ce of sur gi cal tape in the first pha lan ge of the midd le fin ger of
the non-do mi nant hand af ter clea ning. Input ran ge for this sen -
sor is from 10ºC to 45ºC (50ºF to 115ºF). Fi nally a self-ad jus ting 
elas tic band was used for re cor ding res pi ra tory rate and am pli tu -
de. Sen sor was pla ced around the ab do men (around the na vel).
No skin pre pa ra tion was nee ded.

Appa ra tus

For psychoph ysio lo gi cal re cor ding, a si mul ta neous
8-chan nel Pro Comp Infi ni ti am pli fier was used with ca pa city
of re cor ding from 20 (8Hz) to 2048 (512Hz) sam ples/se cond.
Enco der's weight is about 200g and it si zes 130mm x 95mm x
37mm.

Psychoph ysio lo gi cal Assess ment

Psychoph ysio lo gi cal stress pro fi les were con duc ted for
each par ti ci pant. Each pro fi le in clu ded se ven pha ses of four
mi nu tes each, in which pa tients were in di vi dually ex po sed to
al ter na te sta tes of stress and re la xa tion, com ple ting a to tal of 28 
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mi nu tes of re cor ding. The pro ce du ral se quen ce was as fo llows: 
a) an ini tial ba se li ne was re cor ded in or der to allow the pa tient
to re lax and get fa mi liar with the no vel si tua tion. Instruc tions
were as fo llows: “for the next few mi nu tes, we will ask you to
re main sea ted in a com for ta ble po si tion; clo se your eyes and
re lax”; b) ba se li ne was fo llo wed by a com pu te ri zed ver sion of
the Stroop test, a per cep tual in ter fe ren ce task that re liably in du -
ces heigh te ned physio lo gi cal chan ges. Instruc tions for this
pha se were: “du ring the next mi nu tes you will see a list of co lor 
words on the screen. Your task con sists in sa ying out loud the
co lor of each word wit hout rea ding it. Plea se do it as quickly as 
you can for the lists will be re pla ced fre quently”; c) pa tients
were then as ked to re lax and stay cal med du ring the next four
mi nu tes. The ins truc tions were si mi lar to tho se at ba se li ne; d)
the fourth pha se con sis ted in ma king arith me tic cal cu la tions as
a cog ni ti ve stres sor. The ins truc tions were as fo llows: “Du ring 
the next mi nu tes we will ask you to count back wards from
1081, sub trac ting se ven. Plea se say the re sult out loud. Do it as 
quickly as you can and try not to make any mis ta kes”; e) this
pha se was exactly the same as pha ses one and three in which
pa tients were as ked to re main cal med and re lax; f) pa tients
were then ex po sed to a cog ni ti vely stress ful si tua tion. The ins -
truc tions were: “now we will ask you to worry like you nor -
mally do or think about some stress ful ex pe rien ce you might
have had in the past or might be ha ving right now. Plea se fo cus 
on every de tail, es pe cially on the thoughts/wo rries you ex pe -
rien ced”. This task had the ob jec ti ve to de tect physio lo gic
arou sal as so cia ted to the pre sen ce of ac tual or ima gi ned worry;
g) fi nally, the last four mi nu tes con sis ted in as king the pa tient
to sit com for tably and re lax in the same way he/she did in pha -
ses one, three and five.

Psycho lo gi cal as sess ment

Pa tients were eva lua ted for cog ni ti ve and so ma tic
symptoms of an xiety and de pres sion be fo re and af ter re cei ving
trai ning as well as at fo llow-up (an ave ra ge of two and a half
months la ter); mea su res included:

Beck Anxiety Inven tory (BAI) adap ted ver sion (Ro bles,
Va re la, Ju ra do, & Páez, 2001), which eva lua tes so ma tic an -
xiety through 21 mul ti ple-res pon se items (in ter nal con sis -

tency: a=0.83 and test-re test re lia bi lity, r=.75). 
Penn Sta te Worry Ques tion nai re (PSWQ), (Me yer, Mi ller,

Metz ger, & Bor ko vec, 1990) which eva lua tes the pre sen ce and
dif fi culty con tro lling worry through 16 Li kert scale items.

Beck’s De pres sion Inven tory (BDI) adap ted ver sion (Ju ra -
do et al., 1998), which eva lua tes so ma tic sympto ma to logy of

de pres sion through 21 mul ti ple res pon se items (in ter nal con -

sis tency: a=0.87).

Bio feed back Trai ning

Trai ning con sis ted of 11 weakly ses sions of 60 mi nu tes ap -
pro xi ma tely in which par ti ci pants re cei ved feed back of 5
physio lo gi cal res pon ses through the se quen ce: res pi ra tion,
HR, sEMG, SCR and pe rip he ral tem pe ra tu re, com bi ned with
re la xa tion tech ni ques (diaph rag ma tic breat hing, pro gres si ve
mus cle re la xa tion and au to ge nic trai ning). The first and last
ses sions were used to as sess each pa tient through the BAI, BDI 
and PSWQ as well as the psychoph ysio lo gi cal stress pro fi le.
The re mai ning nine ses sions were di vi ded in groups of three
ses sions each in or der to re cei ve feed back of two res pon ses at a 
time (trai ning ses sions and re la xa tion tech ni ques are des cri bed
in ta ble 2).

Shift from one res pon se to the next wit hin trai ning pro to col
de pen ded on pa tient’s abi lity to achie ve con trol upon the pre -
vious res pon ses, which made the num ber of ove rall ses sions
vary slightly in some ca ses. Each trai ning ses sion con sis ted of
5 mi nu tes of ini tial ba se li ne re cor ding, fo llo wed by 30 mi nu tes
of feed back and prac ti ce in which pa tients per for med each re -
la xa tion tech ni que. Then, 5 more mi nu tes of fi nal re cor ding
took pla ce for a to tal of 40 mi nu tes of re cor ding. The first 20
mi nu tes of each ses sion were used to set up and con nect the
equip ment and to ex plain the ba sics of each re la xa tion tech ni -
que as well as the feed back pro ce du re. 

For re la xa tion prac ti ce a re cor ding with gui ding ins truc -
tions was used, this to make sure that in ter ven tion was stan dard 
for each pa tient. Two trai ned psycho lo gists were pre sent du -
ring the who le ses sion in or der to mo del the pro ce du res and to
cla rify or ans wer ques tions as nee ded.

Pro ce du re

On arri val to the to the INPRF fa ci li ties, pa tients were in ter -
vie wed and eva lua ted in or der to con firm main diag no sis of
GAD. After diag no sis con fir ma tion, pa tients were in vi ted to
par ti ci pa te in the study. If they did not ac cept, the ins ti tu tio nal
stan dard group CBT was of fe red. Tho se who ac cep ted were gi -
ven the in for med con sent ex plai ning the ob jec ti ves and struc -
tu re of the in ter ven tion; once they con sen ted, pa tients were
sche du led for pre trai ning eva lua tion through ques tion nai res
and psychoph ysio lo gi cal pro fi le. After being eva lua ted, each
pa tient ini tia ted trai ning ses sions un til com ple ting trai ning of
all 5 physio lo gi cal res pon ses; then, post eva lua tions were con -
duc ted, af ter which they were dis char ged and sche du led for fo -

61BIOFEEDBACK ASSISTED RELAXATION FOR GAD

Table 2. 
Inter ven tion Com po nents Across Ses sions.



llow-up eva lua tions 2 and a half months on ave ra ge la ter. Time
bet ween post evaluation and follow-up varied slightly across
patients due to practical conditions.

Re sults

Ini tially a Fried man ANOVA test was per for med to exa mi -
ne chan ges in re por ted physi cal symptoms of an xiety and de -
pres sion as well as the pre sen ce of ex ces si ve worry across eva -
lua tions (pre, post, fo llow-up). Analy sis sho wed sig ni fi cant
po si ti ve ef fects in all mea su res (BAI, BDI and PSWQ), see
table 3.

To analy ze the se dif fe ren ces, Wil co xon tests were con duc -
ted for pre-post, post-fo llow-up and pre-fo llow-up eva lua tions
gi ven the na tu re of the data. Bon fe rro ni co rrec tion was ap plied
in or der to re du ce type I error; va lues lo ca ted un der p= .016
were con si de red sta tis ti cally sig ni fi cant for the se com pa ri sons. 
The se analy ses sho wed a sig ni fi cant re duc tion of an xiety
sympto ma to logy (BAI) from pre (IQR= 16-32) to post treat -
ment eva lua tions (IQR= 3-20) (z=-3.2, p=0.001). This ten -
dency was ob ser ved bet ween pre and fo llow-up (IQR=
1.75-8.25) mea su res as well (z=-3.3, p=0.001). No sta tis ti cal
dif fe ren ces were found from post to fo llow-up mea su res
(z=-2.1, p=0.034). In the case of worry (PSWQ), re duc tion was 
sig ni fi cant from pre (IQR= 50-74) to post eva lua tion (IQR=
36-50) (z=-3.41, p=0.001) as well as from post to fo llow-up
(IQR= 29.7-47.2) (z= -2.1, p=0.035). De pres si ve symptoms
also de crea sed sig ni fi cantly from pre (IQR= 11-29) to post
eva lua tions (IQR= 3-14) (z=-3.11, p=0.002) and from pre to
fo llow-up (IQR= .75-10) (z=-3.11, p=0.002). No significant
differences were found from post to follow-up (z= -1.84,
p=0.065). 

Gi ven the small num ber of par ti ci pants in the study, a se -
cond Fried man ANOVA test was used to exa mi ne dif fe ren ces
in physio lo gi cal res pon ses (res pi ra tory rate and am pli tu de,
HR, fron tal EMG, pe rip he ral tem pe ra tu re and SCR) across all
mea su res (pre, post and fo llow-up). This analy sis com pa red
each pha se of the stress pro fi le with its ana lo gue across all
three eva lua tions. Sig ni fi cant dif fe ren ces were found only in
res pi ra tory rate in the case of rest 2 from pre to post treat ment
(X2=6.14, p=0.046). Me dian sco res de crea sed from pre=23.0
(IQR=17.9-26.8) to post eva lua tion=18.2 (IQR=16.4-21.3). At 

fo llow-up res pi ra tory rate re mai ned sta ble (Me dian= 18.9;
IQR=15.2-24.7). No sig ni fi cant dif fe ren ces were found for the
ot her res pon ses (p > 0.05).

In or der to de ter mi ne the cli ni cal sig ni fi can ce for all res -
pon ses Objec ti ve Cli ni cal Chan ge in dex (OCC) was used (Car -
diel, 1994). This analy sis exa mi nes group cli ni cal sig ni fi can ce
of each com pa ri son, pre-post and post-fo llow-up, through
every pha se of the stress pro fi le; which can be cal cu la ted ob tai -
ning the dif fe ren ce bet ween post-test and pre-test eva lua tions
and di vi ding the re sult by pre-test ones. Cli ni cal sig ni fi can ce is
de ter mi ned abo ve .20 (equi va lent to 20% change) according to
the author (see table 4).

Sig ni fi cant re duc tion in fron tal EMG was ob ser ved from
pre to post treat ment eva lua tions in all pha ses of the stress pro -
fi le, ho we ver ef fects were cli ni cally sig ni fi cant only in pha ses:
stroop (Me dian pre= 5.53 (3.91-6.88); Me dian post= 4.35
(3.67-5.53)), rest 1 (Me dian pre=4.8 (3.37-5.99); Me dian
post=3.01 (2.5-3.82) and rest 3 (Me dian pre=5.07 (2.28-5.64);
Me dian post=2.82, (2.03-3.54). At fo llow-up po si ti ve ef fects
were still ob ser ved, with no ad di tio nal im pro ve ment. Cli ni cal
po si ti ve ef fects were also ob ser ved in res pi ra tory am pli tu de
from pre to post treat ment eva lua tion in pha ses: rest 1 (Me dian
pre=.87 (.58-2.55); Me dian post=2.77 (.77-4.43), rest 2 (Me -
dian pre=1.09 (0.6-2.36); Me dian post=1.09 (.81-4.51), and
rest 3 (Me dian pre=.74 (.45-2.79); Me dian post=1.33
(.64-4.52). At fo llow-up, res pi ra tory am pli tu de va lues de crea -
sed again, pos sibly be cau se of a lack of con ti nuous prac ti ce.
No cli ni cal ef fects were ob ser ved in SCR, pe rip he ral tem pe ra -
tu re, HR or res pi ra tory rate from pre to post eva lua tions. At fo -
llow-up, only SCR sho wed a sig ni fi cant de crea se in stroop ac -
ti vity (Me dian post=1.9 (1.15-2.76); Me dian fo llow-up=1.43
(.89-2.37). Group chan ges ap pear in fi gu res 1 and 2.

Fi gu res 3 and 4 show data of two pa tients, tho se who sho -
wed the hig hest and the lo west im pro ve ments from pre to post
eva lua tions in fron tal EMG ac ti vity and res pi ra tion am pli tu de,
as com pa red against the group mean.

Dis cus sion

The main pur po se of the pre sent study was to de ter mi ne
whet her po si ti ve physio lo gi cal ef fects of bio feed back could
im pact worry as well as per cei ved symptoms of an xiety and de -
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Table 3. 
Fried man ANOVA test for Anxiety, Worry and De pres sion Sympto ma to logy (N=14).
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Ta ble 4. 
Objec ti ve Cli ni cal Chan ge (OCC) sco res for all physio lo gi cal res pon ses.
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Fi gu re 1. Fron tal EMG Mean Acti vity Across Eva lua tions.

Fi gu re 2. Res pi ra tion Ampli tu de Mean Across Eva lua tions. 
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Fi gu re 1. Fron tal EMG Mean Acti vity Across Eva lua tions.

Fi gu re 2. Res pi ra tion Ampli tu de Mean Across Eva lua tions. 



pres sion in a group of GAD pa tients, and if physio lo gi cal ef -
fects could be po ten tia ted through a mul ti ple-res pon se
biofeedback training. 

Re sults show cli ni cal im pro ve ments in the pre sen ce of ex -
ces si ve worry as mea su red by the PSWQ. Sco res sho wed sig -
ni fi cant re duc tions in the amount of wo rri so me thoughts and
ima ges af ter bio feed back trai ning and re mai ned low at fo -
llow-up. Some of the thoughts strongly as so cia ted with the pre -
sen ce of GAD were “my wo rries overw helm me”, “I know I
should not worry about things, but I just can not help it”, “once I 
start worr ying, I can not stop” and “I worry all the time” (Me yer 
et al., 1990). This same trend was ob ser ved for re por ted
symptoms of an xiety and de pres sion, both re du cing their le vel
from pre to fo llow-up eva lua tions, re flec ting the mi ni mal
amount of sympto ma to logy af ter bio feed back trai ning ac cor -
ding to ins tru ment norms. The se fin dings sup port the hypot he -
sis re gar ding bio feed back as an ef fec ti ve treatment for
cognitive symptoms of GAD and comorbid depressive
symptoms. 

The adop tion of psychoph ysio lo gi cal pro fi les as a key
out co me mea su re for tes ting physio lo gi cal im pro ve ment
pro vi ded the op por tu nity to analy ze not only the le vel of ini -
tial arou sal as so cia ted to GAD in a wide num ber of res pon -
ses, but it also allows to track each res pon se through al ter na -
te pha ses of stress and re la xa tion, which is nor mally con si -
de red a good in di ca tor of the in di vi dual´s self-re gu la tory
skills af ter re pea ted ex po su re to dif fe rent types of stres sors.
After analy zing the ef fects through each of the se ven pha ses
wit hin the stress pro fi les from pre to post stress pro fi les,
only res pi ra tory rate sho wed a sig ni fi cant re duc tion at “rest
2”, sug ges ting bet ter auto-re gu la tory skills af ter being ex po -
sed to a cog ni ti ve stres sor such as the stroop test. Although
no sta tis ti cal dif fe ren ces were found for the ot her res pon ses,
po si ti ve ef fects oc cu rred in EMG fron tal ac ti vity and res pi -
ra tory am pli tu de af ter chec king for cli ni cal sig ni fi can ce (ta -
ble 4). Although fron tal EMG sho wed a re duc tion from pre
to post treat ment in all se ven pha ses of the pro fi le, cli ni cal
sig ni fi can ce was ob ser ved only du ring “stroop”, “rest 1”
and “rest 3” con di tions, sho wing not only lo wer va lues of
arou sal du ring a stress con di tion but a grea ter abi lity to
self-re gu la te stress af ter being ex po sed to the stres sor. The se 
fin dings sup port ef fi cacy of bio feed back at re du cing EMG
ac ti vity in GAD pa tients (Agniho tri et al., 2007; Bar low et
al., 1984; Rice et al., 1993). Cli ni cal po si ti ve ef fects were
ob ser ved also in res pi ra tory am pli tu de in all res ting pha ses
of the stress pro fi les, sho wing in crea ses in each res ting pha -
se af ter trai ning. This in crea se in am pli tu de usually re flects
a dee per breat hing pat tern, of ten as so cia ted to sta tes of calm
and re la xa tion (Con de-Pas tor & Me nén dez, 2000b; Con -
de-Pas tor, Me nen dez, Sanz, & Abad, 2008; La bra dor, De
Arce, & Flo rit, 1996). As shown in fi gu res 1 and 2, lo wer le -
vels of EMG at “rest 3” com pa red to “ba se li ne” and hig her
res pi ra tory am pli tu de at “rest 3” com pa red to “ba se li ne” af -
ter trai ning in di ca te grea ter abi lity to ma na ge di ver se types
of stres sors, in clu ding worr yso me thoughts and ima ges,
from ba se li ne to the end (rest 3) of the stress pro fi le com pa -

red to pre treat ment. No cli ni cal ef fects were found for SCR,
pe rip he ral tem pe ra tu re, res pi ra tory rate or HR af ter trai ning, 
which is con sis tent with ot her fin dings (Bar low et al., 1984;
Rice, Blan chard & Pur cell, 1993). This lack of ef fects could
be ex plai ned by a “floor ef fect” gi ven the nor mal ini tial va -
lues ob ser ved in the se res pon ses. Mo dest im pro ve ment on
the se res pon ses sup ports pre vious fin dings sug ges ting no
dif fe ren ces bet ween GAD pa tients and con trols in physio lo -
gi cal arou sal, and an even lo wer SCR in GAD suf fe rers (Fis -
her et al., 2010; Ham mel et al., 2011; Hoehn-Sa ric, McLeod, 
& Zim mer li, 1989; Hoehn-Sa ric & McLeod, 2000;
Hoehn-Sa ric, McLeod, Fun der burk, & Ko wals ki 2004; Roth 
et al., 2008). By con trast, fron tal EMG va lues in this study
ap pea red to be slightly grea ter than nor ma ti ve data pre -
viously co llec ted (Cram & Engstrom, 1986), which sup ports 
pre vious fin dings sug ges ting the pre sen ce of in crea sed
EMG ac ti vity in GAD pa tients as com pa red to con trols
(Haz lett et al., 1994; Hoehn-Sa ric et al., 1989; Hoehn-Sa ric,
Haz lett, Pour mo tab bed, & McLeod, 1997). Increa sed mus -
cle ten sion in the pre sent study was ob ser ved not only at ba -
se li ne, but also in every res ting pha se of the pre-trai ning pro -
fi le (fi gu re 1), sug ges ting dif fi culty at re gu la ting fron tal
EMG ac ti vity af ter being stres sed. At post eva lua tion, EMG
sco res de crea sed sig ni fi cantly. Thus, bio feed back trai ning
pro ved ef fec ti ve at re du cing mus cle ten sion as well as in -
crea sing res pi ra tory am pli tu de in this study. At fo llow-up,
EMG va lues con ti nued to im pro ve whi le po si ti ve ef fects on
res pi ra tory am pli tu de be gan to de crea se (fi gu re 2), pro bably 
due to a lack of con sis tent prac ti ce af ter com ple ting treat -
ment. As fi gu res 3 and 4 show, EMG and am pli tu de means
seem to hide the ac tual im pro ve ment sco res of in di vi dual pa -
tients. At the end of the study po si ti ve ef fects va ried from
one pa tient to anot her, and from one physio lo gi cal res pon se
to anot her pro bably due to in di vi dual dif fe ren ces in ac ti va -
tion systems in the pre sen ce of va rious types of stres sors. In
or der to have a more ac cu ra te idea of how sco res were dis tri -
bu ted throug hout the stress pro fi les, fi gu res 3 and 4 com pa re 
the hig hest and lo west ef fects ob ser ved af ter treat ment with
the group means. 

One im por tant is sue from this study was its small num ber 
of par ti ci pants, which li mits the pos si bi lity of re sults ge ne -
ra li za tion alt hough treat ment ef fi cacy is re flec ted by in di vi -
dual re pli ca tions. In this re gard, this study sup port pre vious
fin dings sug ges ting bio feed back trai ning as an ef fec ti ve tool 
for trea ting GAD. We re com mend tes ting this mul ti ple-res -
pon se bio feed back pro to col in a wi der sam ple in or der to ex -
plo re if ef fects can be po ten tia ted. Anot her li mi ta tion of this
study was the ins ti tu tio nal po licy, which made it im pos si ble
to work with un me di ca ted pa tients, sin ce all of them were ta -
king SSRI’s at the be gin ning of the study. This could of
cour se have mi ti ga ted physio lo gi cal arou sal as so cia ted to
GAD, par tially co ve ring up fi nal re sults. Ne vert he less, sin ce 
re sults could be ob ser ved clearly in at least two of the
physio lo gi cal res pon ses eva lua ted, fin dings are pro mi sing.
It is pos si ble that ef fects can be po ten tia ted af ter con tro lling
for me di ca tion. 
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