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Abstract 
Background: The establishment of biomarkers related to cognitive-behavior therapy (CBT) is a method to objectively consolidate treatment efficacy, which is 
critical to advancing the field. Objectives: We systematically reviewed studies that used biological parameters to assess the efficacy of CBT for the treatment 
of post-traumatic stress disorder (PTSD) and studies that used these parameters as predictors of response to CBT. Methods: Computerized literature searches 
were conducted in PubMed/Medline, ISI/Thompson Reuters, and Pilot databases using both thesaurus and free-word search terms. Results: 12 articles met the 
selection criteria; 4 of them were response predictors studies. A relationship was found between CBT efficacy and changes in the measured parameters, with 
heart rate responses to symptom provocation being the parameter most often studied. The reduction in heart rate was associated with an improvement in PTSD 
symptoms. The potential biomarkers of response predictions found included 5α-reductase, amygdala activation, activation and volume of the anterior cingulate 
cortex, and heart rate. Discussion: Despite the scarcity of studies and their methodological shortcomings, initial investigations indicate that biomarkers of CBT 
in PTSD patients hold promise for more objective treatment outcome monitoring, identification of response predictors, and for developing novel treatment 
and prevention strategies.
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Resumo
Contexto: O estabelecimento de biomarcadores relacionados à terapia cognitivo-comportamental (TCC) é uma maneira de consolidar a eficácia do tratamento 
de forma mais objetiva, sendo crítico para o avanço desse campo de pesquisa. Objetivos: Foi realizada uma revisão sistemática de estudos que: 1) utilizaram 
parâmetros biológicos para verificar a eficácia da TCC no tratamento do transtorno de estresse pós-traumático (TEPT); e 2) utilizaram esses parâmetros como 
preditores de resposta à TCC. Métodos: Foram conduzidas buscas eletrônicas nas bases PubMed/Medline, ISI/Thompson Reuters e Pilot. Resultados: Doze 
artigos foram selecionados para esta revisão, sendo quatro deles estudos sobre predição de resposta ao tratamento. Foi observada relação entre a eficácia da TCC 
e modificações nesses parâmetros, sendo a resposta da frequência cardíaca à evocação de sintomas o parâmetro mais utilizado até o presente momento. Sua redu-
ção está associada à melhora nos sintomas de TEPT. Potenciais biomarcadores de predição de resposta encontrados incluem 5α-redutase, ativação da amígdala, 
ativação e volume do córtex cingulado anterior e freqüência cardíaca. Conclusão: Apesar da escassez de estudos e das limitações metodológicas neles observadas, 
investigações iniciais sugerem que os biomarcadores da TCC em pacientes com TEPT poderão ser úteis para o monitoramento mais objetivo dos efeitos do 
tratamento, identificação de predição de resposta e para o desenvolvimento de estratégias mais eficazes de tratamento e prevenção do desenvolvimento de TEPT. 
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Introduction 

The efficacy of cognitive-behavioral therapy (CBT) in the treatment 
of post-traumatic stress disorder (PTSD) is well documented1-5. CBT 
has been considered one of the treatment of choice for this disor-
der6. Psychometric measures (self-reported scales, in most cases) 
applied before and after treatment have been used as the basis for 
efficacy evaluation as quantitative indicators of symptom reduction. 
However, such methodology is not without limitations, as reporting 
biases can be problematic, particularly in the traumatology field. 
For example, Marmar7 pointed out that patients with PTSD may 
under-report symptoms to avoid the stigma attached to the disorder. 
Over-reporting of symptoms is also common as a way to obtain 
work-related disability benefits. 

Some researchers have been searching for alternative ways to 
eliminate biases related to outcome evaluation. Therefore, in addition 

to psychometric tools, which are inherently vulnerable to the inaccu-
racies of subjects, researchers are making use of objective measures 
such as alterations in biological parameters related to therapy effects8. 
Those parameters have the potential for being more valid and reliable 
than the standard psychometric measures7. 

Another concern is related to the generalizability of psychothe-
rapy study trials, which lack a placebo comparison condition. The 
development and use of valid biomarkers will increase the value of 
psychotherapy trials in which a credible attention control condition 
is not feasible9.

Biomarkers may also be useful in treatment improvement. 
A considerable percentage of patients do not respond, or they drop 
out of treatment. In some studies, dropouts and no response rates can 
be as high as 50%10. One possible approach to refining treatment is 
to examine which biological measures, for example, functional and 
structural brain imaging, neuroendocrine, and psychophysiological 
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parameters, are changed by CBT in accordance with clinical impro-
vement at the end of therapy. Theoretically, it may be possible to 
personalize treatment by enhancing interventions that have produced 
the greatest effects on a valid biomarker. 

In addition, the identification of some key biomarkers could 
facilitate the prevention of the development of PTSD, as intervention 
programs specifically for at-risk individuals could be designed and 
implemented11. 

The aim of this study was to perform a systematic review of the 
publications that have employed biological parameters to evaluate 
the effect of CBT in the treatment of PTSD and to investigate some 
biological predictors of treatment response. The present study 
pursued the hypothesis that CBT is able to change PTSD-related 
biological parameters. 

Methods 

Study selection

Several approaches were used to identify studies. First, we conducted 
an electronic search on August 19, 2009 in the following databases: 
ISI/Thompson Reuters, PubMed/Medline, and Pilot. In the ISI/
Thompson Reuters database, we restricted the search criteria to 
include only “articles” and “notes”. In PubMed/Medline, PTSD and 
CBT terms were searched with the use of MeSH terms, whereas bio-
logical terms were searched directly in advanced search. Given that 
the studies found in the Pilot database are essentially trauma-related 
articles, keywords including PTSD were omitted. The results of each 
individual search were then combined.

To avoid the omission of articles that met the inclusion criteria, 
a manual search was conducted in addition to the electronic search 
on the list of references from selected articles and from the “time 
cited” list. Original articles, brief reports and letters published in 
languages other than English until the final search were considered 
for inclusion. Review articles, book chapters, theses and dissertations 
were excluded.

We next restricted the search criteria to include only studies 
conducted in humans with PTSD submitted to CBT techniques. 
Studies using techniques other than CBT were excluded. In addi-
tion, we included studies that investigated patients with co-morbid 
psychopathological conditions. Methodological limitations were also 
used as exclusion criteria. On that account, case reports, defined by 
Pincus et al.12 as a presentation of 10 cases or less, were excluded. 

Results 

Of the 308 articles that met the selection criteria of this systematic 
review, we excluded 30 articles that did not investigate PTSD or 
investigated partial PTSD, 77 that used techniques other than CBT 
techniques, 82 theoretical articles, thesis or dissertations, 16 studies 
that did not make use of biological parameters, 7 animal studies, 3 
tool validation studies, 50 reviews and 22 case reports. Five articles 
were selected from reference lists. Therefore, the final analyses were 
based on 12 articles, 4 of which were response predictor articles. 
The articles are summarized in tables 1 and 2. In the end, a total 
of 333 patients were evaluated, and 187 patients were selected for 
experimental groups. 

Biological correlates of efficacy studies

Neuroendocrine studies

One neuroendocrine study, performed by Smyth et al.13, was included 
in our analysis. The study was a randomized controlled trial, and 
the total number of patients in the experimental group was 15. The 
authors measured cortisol levels only at three months after treatment. 
Although the authors did not find consistent symptom improvement, 
the experimental group had attenuated cortisol responses to trauma-
-related reminders compared to the control group.

Psychophysiological studies

We identified seven studies involving psychophysiological para-
meters. Two of these studies used electromyography to measure 
the efficacy of therapy, one of which was a randomized controlled 
trial14, while the other was a non-controlled trial15. By summing up 
the number of participants submitted to CBT in both studies, there 
were a total of 39 subjects (all war veterans). Both studies used 
flooding as a CBT technique, and the participants were submitted 
to facial electromyography, heart rate monitoring and skin conduc-
tance (SC) during the sessions. Boudewyns and Hyer14 reported that 
the decrease in EMG was not statistically related to the decrease 
in psychometric measures. Similarly, Pitman et al.15 did not find 
a statistical relationship between EMG decrease and decrease in 
psychometric measures.

With respect to SC, three studies, including the two cited above, 
used SC to measure the efficacy of CBT16. Considered together, 
the number of participants in the experimental group was 64. The 
decrease in SC response to trauma reminders was statistically re-
lated to the decrease in psychometric measures, with no statistical 
difference between the two interventions. There was, however, a 
more pronounced decrease in reactivity in the experimental group 
compared to controls. The experimental group showed decreased 
reactivity to two of three repeats of the audiotape, whereas the con-
trol group showed a decrease only for one playing14. The reduced 
SC response was found to be a trend in another article15, and, in the 
third study16, there were no significant differences in SC response 
in the treatment group. Moreover, this latter study did not detail 
their SC results.

Seven studies used heart rate to index the efficacy of CBT, four 
of which were controlled trials. In total, 84 patients were submitted 
to CBT. We observed a relationship between heart rate reduction 
and CBT response in six of the seven selected studies. There was a 
statistically significant decrease in heart rate responses to trauma 
reminders in the active treatment groups versus the control groups 
in the three studies15-17 and a trend for a decrease in another three 
articles14,18,19. All of these studies used the symptom provocation 
paradigm. The only study that did not find this relationship was an 
article that only employed a resting method20.

Blood pressure was used by two studies, both of which were 
randomized controlled trials. A total of 37 subjects were submitted 
to CBT in these studies combined. In one of the studies, there were 
no changes in blood pressure after therapy16, whereas the other study 
reported a significant decrease in systolic pressure20.

Neuroimaging studies

We identified one non-controlled fMRI study of 13 subjects, which 
showed a match between a positive result of CBT and activation 
of brain areas involved in social cognition (left medial temporal 
gyrus, which is considered to be related to empathy, posterior 
cingulate gyrus, medial frontal gyrus, and left medial superior 
temporal gyrus, which are associated with forgiveness). The asso-
ciation of the areas with empathy and forgiveness was previously 
identified by the authors21 in a paradigm in which 10 volunteers 
were asked to make judgments based on social scenarios. The left 
superior frontal gyrus, orbitofrontal gyrus and precuneus were 
activated by judgments of empathy. In the study conducted by 
Farrow et al.21, the subjects were engaged in tasks that involved 
speculation on another’s intention as well as making judgments 
of the forgiveness of the actions of others before and after therapy, 
in addition to invoking empathy. The CBT in their study included 
a forgiveness component. 

Biological correlates of response prediction

Four trials that investigated the prediction of CBT response through 
biological parameters measured during pretreatment were found. 
The parameters assessed by these studies were found to be good 
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response predictors. CBT non-responders (N = 14) were found to 
have 5α-reductase (a cortisol metabolite) levels that were 70% lower 
than those of responders (N = 14)22. Another study showed that 
CBT non-responders had greater bilateral amygdala and ventral 
right anterior cingulate cortex activation during the presentation 
of fearful and neutral facial expressions23 compared to CBT respon-
ders. Further, CBT responders had greater anterior cingulate cortex 
volume at pretreatment24. Increased heart rate during pretreatment 
predicted a favorable outcome following CBT15. Cortisol and some 
of its metabolites, however, were not found to be good predictors 
of CBT response22.

Discussion 

To the best of our knowledge, there have been no systematic reviews 
evaluating changes in biological markers as a result of CBT treat-
ment in PTSD patients or whether these markers predict treatment 
response. 

A trend toward an increase in the number of treatment studies 
with biological measures was observed. From 1985 to 1990, only two 
studies could be identified, and from 1991 to 1995, there were no 
studies identified. In contrast, from 1996 to 2000, three publications 
met our criteria, and even more studies were identified after 2005 
(five studies from 2006-2009). 

Table 1. Selected studies 
Study Design Procedure Biological measures CBT efficacy Biological changes
Smyth et al.13, 2008 Randomized. Placebo  

(n = 10) or expressive 
writing (n = 15).  
Total: n = 25

3 sessions of expressive 
writing (20’ each with 15’ 
interval – all performed in 1 
day). Cortisol assessed only 
during Follow-up

Cortisol (saliva 
samples)

No changes in PTSD 
symptoms. Improvements 
in mood.

Attenuation of cortisol 
responses to trauma-related 
memories in experimental 
group* at post-treatment 
and greater recovery after 
20 min of rest

Boudewyns and 
Hyer14, 1990 

Randomized. Flooding 
(n = 19) or counseling  
(n = 19). 
Total: n = 38

10-12 weekly sessions of 50 
min each 

Frontal EMG, heart 
rate, skin conductance 

Flooding group showed 
improvement in symptoms 
compared to controls in 
VET*

Difference for SC post-
treatment comparing both 
groups*. HR and EMG 
showed greater tendency to 
reduce in the experimental 
group**

Pitman et al.15, 1996 Not controlled. n = 20 12 weeks of flooding/relaxation HR, SC, left lateral 
frontalis EMG and left 
corrugator EMG

Improvement in avoidance 
symptoms and intrusions* 
and improvement in other 
symptoms**

Reduction of all variables, 
but only heart rate showed 
reduction*

Blanchard et al.16, 
2002 

Randomized. CBT (n = 25), 
counseling therapy (n = 26) 
and wait list (n = 22). 
Total: n = 73

8-12 sessions of writing, in vivo 
exposure, relaxation, cognitive 
techniques

Skin conductance, 
blood pressure and 
heart rate

CAPS reduction in CBT 
group*

Heart rate decrease in the 
CBT group*

Frueh et al.17, 1996 Not controlled. n = 11 29 sessions during 17 weeks of 
Trauma Management Therapy 
(exposure, psychoeducation, 
SST and programmed practice)

Heart rate Treatment effects in 
CGI, HAMA, increasing 
hours of sleep and social 
activities* and CAPS 
(trend)

Heart rate reactivity 
decreased in post-treatment 
relative to pretreatment*

Cooper and Clum18, 
1989

Not randomized. n = 14 6-14 sessions of 90 min, each 
(once or twice a week) of 
flooding/relaxation

Heart rate Reduction of revival and 
sleep disturbance, mainly. 
Reduction of STAI and BDI

Heart rate did not 
show reduction in the 
experimental group, but 
increased in the control 
group**

Fecteau and Nicki19, 
1999 

Randomized. CBT (n = 10) 
or wait list (n = 10). Total: 
n = 20

8-10 sessions of 
psychoeducation, relaxation, 
exposure, restructuring and 
self-instruction

Heart rate Treatment effects across
structured interviews, 
self-report questionnaires 
and the behavioral test in 
the CBT group*

Greater reactivity decreased 
in the CBT group**

Hinton et al.20, 2009 Randomized. CBT (n = 12) 
or wait list (n = 12). Total: 
n = 24

12 weeks of cognitive 
restructuring, diaphragmatic 
breathing, muscle relaxation, 
psychoeducation, guided 
image, interoceptive exposure

Systolic blood 
pressure, diastolic 
blood pressure, heart 
rate

Greater improvement in 
CBT group than wait list. 
Regulation of emotion 
and panic

Diastolic blood pressure and 
HR**. Reduction in systolic 
blood pressure*, which 
was highly correlated with 
improvement in regulation of 
negative affective states

Farrow et al.21, 2005 Not controlled. n = 13 4-10 sessions of CBT including 
forgiveness component. Did not 
specify employed techniques

fMRI (brain areas) Reduction in CAPS after 
treatment*. Tendency to 
reduction at IRI and EFI**

Increase in activation of 
brain areas involved in 
social cognition (left medial 
temporal gyrus, related to 
empathy; posterior cingulate 
gyrus, medial frontal gyrus, 
and left medial superior 
temporal gyrus, associated 
with forgiveness)

*: statistically significant; ** not statistically significant; VET: Veterans Adjustment Scale; CGI: Clinical Global Impression; HAMA: Hamilton Anxiety Scale; CAPS: Clinician-Administered PTSD Scale; 
BDI: Beck Depression Inventory; SPAI: Social Phobia and Anxiety Inventory; AX: Spielberger Anger Expression Inventory; STAI: Spielberger State-Trait Anxiety Inventory; IRI: Interpersonal Reactivity 
Index; EFI: Enright Forgiveness Inventory; SST: Social Skills Training; HR: heart rate; SC: skin conductance.
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Biological correlates of efficacy studies

In general, research results from the present systematic review sup-
ported the hypothesis that CBT can change biological parameters. 
The majority of studies observed some evidence of change in biolo-
gical parameters in association with treatment response as evaluated 
through symptom scales. 

Concerning heart rate, most of the studies found a correlation 
between CBT response and a reduction of cardiac reactivity to trauma 
scripts. At present, this parameter is the most promising biomarker of 
CBT efficacy because of the association with treatment response and 
the relatively large number of studies that have used this parameter 
in comparison with the other parameters. The common use of heart 
rate is likely associated with its easy implementation and its sensitivity 
to trauma cues. Indeed, heart rate reactivity has been considered one 
of the most promising biological correlates of PTSD25,26.

EMG and blood pressure did not appear to be potential indicators 
of CBT efficacy. In the two studies that met our criteria for inclusion, 
EMG and blood pressure measures did not parallel the changes in the 
scores of scales administered before and after treatment, with excep-
tion of systolic blood pressure in one of the studies. The replication 
of these data should be necessary for more consistent conclusions.

Cortisol reactivity to trauma script also did not appear to be 
associated with CBT response. Nonetheless, subjects who had 
received sessions of expressive writing for PTSD showed less reac-
tivity in cortisol levels to trauma scripts, suggesting that successful 
treatment is associated with improvement in the capacity to regulate 
stress responses. This study, however, involved only three sessions 
of expressive writing, which is considered insufficient to produce 
therapeutic effects2. It is also important to note that the above men-
tioned study did not inform if PTSD participants had concurrent 
co-morbid diagnoses, as depression, a common co-morbid condition 
in PTSD, is expected to be associated with increased cortisol levels27, 
which might be a confounding issue. SC tests showed inconsistent 
results, as it was associated with CBT response in only one of the 
three studies in which it was measured. Given that the number of 
studies found was limited, however, more publications are needed 
to produce more consistent results. 

Successful treatment with CBT was associated with increased 
activation of neural areas involved in social cognition (left medial 
temporal gyrus, which is related to empathy; posterior cingulate 

gyrus, medial frontal gyrus, and left medial superior temporal gyrus, 
which are associated with forgiveness). It is interesting to note that 
despite being one of the most promising techniques, functional ima-
ging has been underutilized in PTSD treatment studies28. In contrast, 
there have been more fMRI studies in treatment studies involving 
patients with obsessive-compulsive disorder, specific phobias and 
panic disorder28. More investigations with PTSD patients are needed 
to test whether treatment response is associated with similar patterns 
of brain activation, as found in other anxiety disorders.

Biological correlates of response prediction

Despite the limited number of studies found, there is a suggestion 
that some biological parameters have a potential clinical utility in 
predicting CBT response, namely the enzyme 5α-reductase, amygdala 
activation, anterior cingulate cortex activation and volume and heart 
rate. Exceptions were cortisol and some of its metabolites. Yehuda 
et al.29 found significantly lower 5a-reductase activity in Holocaust 
survivors and suggested that its reduction may be associated with a 
vulnerability to development of PTSD. The highest amygdala activa-
tion in non-responders and highest anterior cingulate cortex volume 
in responders before treatment are compatible with the current 
model of PTSD30,31, which is based in neuroimaging data that show 
exaggerated amygdala activation and decreased activation in frontal 
areas. Despite data demonstrating that amygdala activation during 
exposure treatment is required for the extinction process to occur, 
depending on PTSD severity, the excessive activation is harmful 
to fear processing, perhaps because it might be harder to regulate 
the anxiety elicited by CBT23. The highest activation of the anterior 
cingulate cortex could be associated with the rapid presentations of 
the fear stimuli in a backwards masking paradigm, predominantly 
engaging subcortical networks. Finally, the highest heart rate reacti-
vity in responders could be explained by a greater engagement with 
trauma-related cues in those participants.

The study conducted by Hinton et al.20 was the only study that 
did not make use of idiographic symptom provocation as a method 
to measure a biological parameter. All of the other publications 
used idiographic symptom provocation, which allows for a better 
comparison between selected articles. The comparison of data from 
these studies is limited by the great variability in the time of data 

Table 2. Response prediction studies 
Study Design CBT protocol Procedures Biological measures Results
Pitman et al.15, 
1996 

Not controlled. n = 20 12 weeks of flooding and 
relaxation

Monitoring during the first 
and last series of flooding 
sessions

Heart rate, skin 
conductance, EMG

Increased heart rate before 
treatment was associated 
with better therapeutic 
response (reduction of 
intrusive thoughts)

Yehuda et al.22, 
2009 

Randomized. Prolonged 
exposure (n = 14) or 
orientation (n = 14). 
Total: n = 28

Not specified Collected over 24 hours 
through urine before and 
after treatment and at 3 
month follow-up. Baseline 
measurement

Cortisol and metabolites 5α-reductase (derived 
from the metabolite and 
glucocorticoid measures) 
was 70% decreased in 
pretreatment in non-
respondents. No other 
hormone was a predictor

Bryant et al.23, 
2008 

Not controlled. Diagnosed 
with PTSD: n = 14.
Total: n = 28

8 weekly sessions of 
psychoeducation, imaginal 
exposure, cognitive re-
structuring and relapse 
prevention

Scanning before treatment 
and while viewing images 
of four men and four 
women expressing fear and 
alternating with neutral 
expressions

Brain areas (fMRI) Non responders had greater 
activation of bilateral 
amygdala and right ventral 
anterior cingulate cortex 
during the presentation of the 
stimuli before treatment

Bryant et al.24, 
2008

PTSD: n = 13. History of 
trauma and no PTSD:  
n = 13. Without history of 
trauma: n = 13. 
Total: n = 39

8 weekly sessions of 
psychoeducation, imaginal 
exposure, cognitive re-
structuring and relapse 
prevention

Scanning before and after 
treatment
(volume measurement)

Brain areas (structural 
magnetic resonance 
imaging – MRI)

Responders had higher 
rostral anterior cingulate 
cortex volume comparing to 
non-responders



159Gonçalves R, et al. / Rev Psiq Clín. 2011;38(4):155-60

collection. For example, some studies used the first or last minutes 
of symptom provocation or minutes with peak response. 

Methodological limitations of the reviewed studies 

Several design limitations were found in the papers included in our 
analysis. Small sample sizes, with 7 of 10 studies using a sample 
smaller than 30 (not including response predictor studies) was the 
first and most prominent limitation. The fact that the majority of 
these studies were underpowered might explain the lack of statistical 
significance in some parameters in relation to CBT outcome. Inde-
ed, several of these studies reported a non-significant trend among 
their main results. Additional problems included the absence of 
information about the use of psychotropic medication in three stu-
dies and the use of non-stabilized psychotropic medication in four 
studies. One paper allowed participants who were enrolled in other 
psychotherapy to keep the original treatment and enter the study15. 
Five studies did not describe the presence of co-morbid conditions, 
and one study stated that there was a co-morbid condition, but the 
authors failed to mention the coexisting disorder. Conversely, six 
studies described co-morbid conditions that included mostly major 
depression. The absence of controlling for co-morbid disorders is 
relevant because biological parameters may be differentially altered 
according to the different co-morbid diagnosis, which may have led 
to confounding results. The decision to include studies containing a 
control group and not containing a control group was due to the few 
trials found through our searches. The possibility of placebo effects 
in non-controlled trials, however, should be considered, as it may 
invalidate some of the data identified. 

As an emerging field, such data should be interpreted with 
caution. The use of different methods and evaluation tools makes 
it difficult to generalize the results. It should also be noted that this 
review was restricted to the evaluation of results in published papers 
and covered only peer-reviewed literature, which may have omitted 
studies that could have met our inclusion criteria. 

Potential clinical implications

Despite the major advances in neuroscience and biological fields 
over the last decade, few behavioral treatment studies in psycholo-
gical literature have examined the effects of therapy on the body11. 
As noted by Beauchaine et al.11, “such use of biological markers in 
longitudinal outcome research represents a first step toward a more 
integrated prevention science” (p. 747). Notwithstanding the con-
solidated efficacy of CBT, there are patients who do not respond to 
the intervention and continue to present significant psychological 
suffering at the end of therapy32. Therefore, the development of 
studies in the basic area that allow the improvement of therapy is 
necessary and will allow for better treatments to be developed for 
patients who fail to respond to currently available therapies. The study 
of biological variables in the course of psychological treatment has 
the potential to accelerate innovation in the development of more 
effective treatments. This progress can occur by the development of 
more effective interventions and prevention of specific pathologies 
deriving from laboratory knowledge. Knowledge from basic research 
can then be transposed to applied research, amplifying therapeutic 
possibilities and treatment outcomes.

Conclusion 

The current systematic review showed that, despite the scarcity 
of studies for this purpose in the literature, there is a relationship 
between the efficacy of CBT and changes to biological parameters 
in PTSD patients. At our current state of technology, however, the 
superiority of biological markers over traditional methods is not 
established. In the future, biological variables may prove to be use-
ful tools in expedite the development of more individualized and 
effective treatments. 
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