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Summary. Multiple regression analysis was conducted 
on potential response predictors in a double-blind study 
of monoamine oxidase inhibitors (MAOI) and placebo 
treatment in 130 depressed outpatients. Positive main ef- 
fects were found for sex (female), lack of prior hospitali- 
zation, presence of precipitating events. A negative 
main effect was found for concurrent physical illness. 
Treatment x predictor effects were found for distinct 
quality and non-reactivity. Non-reactivity was associated 
with positive outcome in both study groups, but the ef- 
fect was significantly enhanced in the treatment group. 
Distinct quality demonstrated a more complex effect, its 
presence being associated with decreased improvement 
in the treatment group and greater improvement in the 
control group. No atypical depressive symptoms predicted 
MAOI response, and we were unable to characterize a 
specifically responsive MAOI syndrome. 
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Introduction 

There is a substantial literature on predictors of response 
to MAO inhibitor drugs, much of which has already been 
reviewed by ourselves and others (Davidson et al. 1988; 
Zisook et al. 1985; Quitkin et al. 1979; Pare 1985; Joyce 
and Paykel 1989). For the most part, such studies have 
failed to take into account those factors which might be 
associated with spontaneous remission. To do so, it is 
necessary to utilize a placebo or untreated control group. 
The above mentioned reviews discuss predictor studies 
which vary considerably in design, adequacy of drug 
dose and duration of treatment. Often these studies have 
examined a wide variety of variables without taking ad- 
vantage of multivariate statistical techniques that are 
best suited to complex data. On the other hand, it has to 
be acknowledged that multivariate techniques can iden- 
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tify opportunistic relationships resulting from chance as- 
sociations. 

Three reports have examined predictors of MAOI 
outcome in contrast to those of a tricyclic and/or placebo 
by means of multiple regression techniques (Kay et al. 
1973; Bhat et al. 1984; Mountjoy et al. 1977). In the first 
report, Kay et al. examined predictors of response to 
amitriptyline and phenelzine. Although drug doses would 
be considered inadequate by present day standards, a 
number of interesting findings were noted nonetheless. 
Poor response to both drugs was associated with ideas of 
reference, whereas good response to both drugs was as- 
sociated with extraversion. Blaming others predicted a 
good response to phenelzine and poor response to ami- 
triptyline. High neuroticism, subjective retardation, 
pyknic habitus and neurotic personality were all associ- 
ated with poor response to phenelzine. Good response 
to amitriptyline was predicted by depersonalization, 
mood reactivity, diurnal variation (mood worse p.m.), 
lack of irritability. 

In the second study, Bhat et al. (1973) applied multi- 
ple regression techniques to data from a trial of phenel- 
zine, amitriptyline and placebo. Poor response to phenel- 
zine was predicted by insomnia, anorexia, impaired work 
and interests and by self-pity. In the amitriptyline group, 
worse outcome was associated with retardation, and, in 
contrast to the report by Kay et al. (1973), with mood 
reactivity. Poor outcome with placebo was associated 
with impaired work and interests, and good outcome 
was associated with somatic anxiety. This study thus dif- 
fered in several ways from the report of Kay and as- 
sociates, and provided no real support for the notion of 
"MAOI specific" predictors. 

Mountjoy et al. (1977) performed a series of separate 
multiple regression analysis in which symptoms, premor- 
bid personality items and biochemical measures were the 
independent variables and improvement was the depen- 
dent variable. All patients in the Mountjoy report had 
completed 4 weeks' treatment with a combination of 
phenelzine, diazepam and nitrazepam, or with a combi- 
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na t i on  of  p l a c e b o ,  d i a z e p a m  and  n i t r azepam.  A s  with  
t h e  o t h e r  two s tudies ,  few p red i c to r s  e m e r g e d .  The  au- 
thors  d id  f ind,  h o w e v e r ,  tha t  fea r  of  t e l e p h o n i n g  in pub-  
lic was posi t ively associated with good  ou tcome  for phenel-  
z inc ,  and  ep i sod ic  t ens ion  was a s soc ia t ed  wi th  p o o r  out -  
come  for  phene lz ine .  S i tua t iona l  phob ia s ,  d izzy a t tacks  
and  fea r  of  l eav ing  the  house  all c ame  close  to  signifi- 
cance  as p r ed i c to r s  of  pos i t ive  o u t c o m e  for phene lz ine .  
T o t a l  anx ie ty  score  on  the  Newcas t l e  D iagnos t i c  I n d e x  
( G u r n e y  et  al. 1972) was p red ic t ive  of  overa l l  r e sponse  
for  the  c o m b i n e d  phene l z ine  and  p l a c e b o  groups ,  be ing  
a lmos t  s ignif icant  as a p r e d i c t o r  for  p h e n e l z i n e  and  pla-  
cebo  sepa ra t e ly .  E x t r a v e r s i o n  c o r r e l a t e d  with  p o o r  out-  
come  for  p l acebo .  N e i t h e r  pe r sona l i t y  no r  b iochemica l  
m e a s u r e s  were  a s soc ia t ed  with  o u t c o m e .  The  use of  ben -  
zod i azep ine s  in all pa t i en t s  compl i ca t e s  i n t e r p r e t a t i o n  of  
these  resul ts .  

Fo l l owing  the  a b o v e  rev iew,  we p r e s e n t  a s tudy  which  
examined  poss ib le  p red ic tors  of  response  to the  hydraz ine  
M A O  inh ib i to r ,  i soca rboxaz id ,  and  to p l a c e b o ,  in a dou-  
b l e -b l ind  tr ial .  A s  will be  de sc r ibed  in fu r the r  de ta i l ,  we  
e m p l o y e d  a s t e p d o w n  l inea r  r egress ion  t echn ique .  In  
pa r t i cu la r ,  we wished  to  subs t an t i a t e  w h e t h e r  or  no t  spe-  
cific M A O I  response  p red ic to r s  might  occur ,  using groups  
of  va r i ab les  f rom our  d a t a  ba se  tha t  have  b e e n  associ-  
a t ed  wi th  o u t c o m e  in p rev ious  s tudies ,  as r e v i e w e d  
above .  

Method 

A full report of this study, its design and outcome have been pre- 
sented previously (Davidson et al. 1988). One hundred and se- 
venty-four patients with RDC major, minor or intermittent de- 
pression (Spitzer et al. 1978) entered this 6-week treatment trial. 
One hundred and thirty completed the minimum required 3 weeks 
and form the subject of our report. Isocarboxazid was significantly 
more effective than placebo in the total group. Among subgroups, 
the drug was effective in endogenous depression/melancholia, 
non-endogenous depression/non-melancholia, BPRS (Overall 
1974) based anxious and hostile depressions, and RDC (Spitzer et 
al. 1978) major depression. Drug was equivalent to placebo in 
BPRS retarded and agitated-excited subtypes, and in RDC minor 
depression. Mean drug doses were 48.3mg/day at week 3, and 
49.3 mg/day at week 6, and they were associated with high levels of 
MAO inhibition, indicating that the dose was probably adequate. 

Outcome Measures and Predictor Variables 

A variety of outcome measures were used in the efficacy study, of 
which the 24-item Hamilton Depression Scale (HDS) (Hamilton 
1967) and 5-point physician-rated Clinical Global Improvement 
(CGI) have been selected as the dependent variables in this report. 
The five anchor points on the CGI are as follows: 

1 = very much improved, 
2 = much improved, 
3 = minimally improved, 
4 = no change, 
5 = worse. 

All are rated with reference to baseline. The final observed HDS 
and CGI scores are taken as the outcome measures. 

Seven different predictor categories were assessed in the first 
stage of this analysis. The items which proved significant in each 
category were then combined together and analyzed as possible 

predictors in a combined model as the second stage of analysis. 
Items in the seven categories were: 

(1) Demographics - Age and sex of the patient. 
(2) Duration of Illness - Duration of depression (months). 
(3) Historical - First episode before age 40 years, frequent al- 
cohol use, no previous psychiatric hospitalization, severe discord 
at home in childhood. 
(4) Stressors - Concurrent physical illness, precipitating factors, 
marital problems. 
(5) Brief Psychiatric Rating Scale - BPRS type of depression (an- 
xious, hostile, agitated/excited, retarded depressions). 
(6) Traditional Symptom Predictors - This category consists of 
selected symptoms from the database which have been tradition- 
ally associated with either good or poor response to MAOI drugs. 
These are phobic symptoms, distinct quality of mood, non-reactiv- 
ity to environment, increased appetite, blame projection, self-pity, 
pervasive loss of interest. 
(7) Severity and Endogenicity - Measures of severity comprise 
total baseline HDS and BPRS scores and RDC major/minor de- 
pression. Endogenicity is measured by total Newcastle Scale (Car- 
ney et al. 1965) and Michigan Index (Feinberg and Carroll 1982). 

Statistical Analysis 

Description of Modelling Procedure. A multi-stage step-down 
linear regression algorithm was used to fit models predicting pa- 
tient outcome, defined in one case as final Hamilton score, and in 
the other as final physician's global rating. The predictor variables 
were classified into several categories, (1) demographic, (2) dura- 
tion, (3) historical, (4) stressors, (5) symptom profile, (6) tradi- 
tional symptom predictors and (7) depressive typology/severity. A 
predictor indicating treatment (placebo vs drug) was always in- 
cluded and in the case of final Hamilton score, the baseline Hamil- 
ton score was always included as well. A categorical variable was 
modelled with ( n - l )  dummy variables for the n levels it defined 
and this set of ( n - I )  dummy variables was always considered and 
tested as a group in the step-down process. 

Varibles considered as predictors included both the main effect 
of the predictor, to estimate its importance as an effect modifier, 
and its interaction with treatment group classification, to ascertain 
if it might also be a significant confounder of outcome. In the step- 
down procedure, a main effect was never allowed to be deleted un- 
less and until its interaction with treatment had already been de- 
leted from the model. 

The initial stage of model fitting consisted of separately fitting 
the best predictors within categories. This was done for several 
reasons. Since some data were missing for many of the potential 
predictors, an analysis which began by simultaneously attempting 
to fit all predictors would have caused to be deleted any observa- 
tion in which any one of the predictors was missing, considerably 
decreasing our data base, and perhaps biasing the results as well. 
In addition, the model itself, consisting of both main effects, some 
of which consisted of several dummy variables, and their inter- 
actions, would have been quite large and would have taxed, it not 
exceeded, the capacity of our computing facilities. Finally, it was 
felt that the initial competition for significance among the predic- 
tors should be at a point at which there was a greater homogeneity 
of predictive power among the predictors. 

The order of deletion of the predictors was based on the test of 
significance of their linear regression coefficients at each stage of 
the procedure, that variable (or set of dummy variables) showing 
the least significance being eliminated subject to the requirement 
stated above concerning interaction with the treatment effect. The 
step-down procedure stopped when all remaining variables avail- 
able for deletion remained significant at a probability level --< 0.05. 

The second stage of the step-down procedure was performed in 
a similar manner, those variables initially considered being all 
those which had remained significant in each of the separate cate- 
gory step-downs. Again, the procedure stopped when all eligible 
variables remained significant at least at a probability level of 0.05. 



Results 

W i t h  r e spec t  to ca t ego ry  I ( d e m o g r a p h i c s ) ,  f ema le  sex 
se rved  as a s ignif icant  m a i n  effect  m o d i f i e r  in favor  of  
b e t t e r  o u t c o m e  on b o t h  the  H D S  and  C G I  (Tab le  1). 
M a i n  effects were  also n o t e d  for  drug  and  for  base l ine  
H D S .  

Of  the  h is tor ica l  va r i ab les ,  l ack  of  p r io r  hosp i ta l i za -  
t ion was r e l a t ed  as a ma in  effect  to m o r e  f avo rab le  out -  
come ,  a long with  act ive t r e a t m e n t  and  h igher  base l ine  
H D S  (Tab le  1). 

D u r a t i o n  of  i l lness was u n r e l a t e d  to o u t c o m e .  
A m o n g  the  s t ressor  ca t ego ry ,  concu r r en t  phys ica l  ill- 

ness was found  to be  a nega t ive  effect  mod i f i e r  on  bo th  
m e a s u r e s  of  o u t c o m e  (i .e.  was a s soc ia t ed  with  less favor-  
ab le  o u t c o m e ) ,  whi le  p r e sence  of  p rec ip i t a t ing  events  
was a s soc ia t ed  as a ma in  effect  wi th  b e t t e r  r e sponse  as 
m e a s u r e d  by  the  C G I  (Tab le  1). 
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B P R S  type  was marg ina l ly  s ignif icant  as a ma in  effect  
wi th  the  C G I  on ly  (Tab le  1). 

Of  the  t r ad i t i ona l  cl inical  s y m p t o m s ,  dis t inct  qual i ty  
of  m o o d  was a pos i t ive  effect  mod i f i e r ,  and  non- reac t iv -  
i ty a nega t ive  effect  mod i f i e r  on  b o t h  o u t c o m e  m e a s u r e s  
(Tab le  1). T r e a t m e n t  x p r e d i c t o r  in te rac t ions  were  also 
ev iden t  for  these  two var iab les  (Tab le  1), as will be  de-  
scr ibed:  in the  p re sence  of  dis t inct  qual i ty  of  m o o d ,  bo th  
t r e a t m e n t s  e x e r t e d  m o d e s t  effects ,  this be ing  s o m e w h a t  
g r e a t e r  for  i soca rboxaz id  than  for  p lacebo .  W h e n  dis- 
t inct  qual i ty  was absen t ,  t he re  was no  change  with  pla-  
cebo  bu t  m a r k e d  change  with  i soca rboxaz id .  

W h e n  non- reac t iv i ty  of  m o o d  was p re sen t ,  i socar-  
boxaz id  p r o d u c e d  a subs tan t ia l  i m p r o v e m e n t  whe rea s  
p l a c e bo  was assoc ia ted  with  no  i m p r o v e m e n t .  W h e n  
m o o d  reac t iv i ty  was p r e s e r v e d ,  i soca rboxaz id  again  re-  
su l ted  in g o o d  i m p r o v e m e n t ,  whi le  t he re  was min ima l  
change  with  p l acebo .  

Table 1. Variables predictive of positive outcome (n = 130) 

Outcome Measure 

Effect Final Hamilton Final CGI 

B Coefficient P value B Coefficient P value 

1. Demographic 

2. Historical 

3. Stressors 

4. BRPS Type 

5. Traditional Symptoms 

6. Severity/Endogenicity 

Intercept 0.482 0.926 3.310 0.000 
Baseline Hamilton 0.721 0.000 * * 
Treatment (drug) -7.214 0.000 -0.774 0.000 
Sex (Female) -5.217 0.009 -0.607 0.002 

Intercept 0.017 0.997 3.353 0.000 
Baseline Hamilton 0.751 0.000 * * 

Treatment (drug) - 7.420 0.000 - 0.796 0.000 
No past hospitalization -5.971 0.003 -0.663 0.001 

Intercept - 2.111 0.685 3.211 0.000 
Baseline Hamilton 0.651 0.000 * * 
Treatment (drug) -6.402 0.001 -0.801 0.000 
Physical illness 6.061 0.011 0.439 0.056 
Precipitants * * -0.332 0.007 

Intercept * * 3.370 0.000 
Baseline Hamilton * * * * 

Treatment (drug) * * - 0.777 0.000 

Type * * 5 levels 0.049 

Intercept 3.770 0.499 3.340 0.000 
Baseline Hamilton 0.598 0.000 * * 

Treatment (drug) - 10.356 0.002 - 1.408 0.000 
Distinct quality -5.733 0.051 -0.766 0.010 
Non-reactivity 10.389 0.011 0.837 0.036 
Treatment • Distinct quality 8.434 0.040 1.288 0.002 
Treatment x Non-reactivity - 13.475 0.013 - 1.074 0.043 

Intercept 0.009 0.999 2.203 0.000 
Baseline Hamilton 0.470 0.010 * * 

Treatment (drug) - 9.778 0.000 - 1.029 0.000 
Michigan Index Score 0.268 0.026 0.033 0.001 
Minor Depression - 3.602 0.268 - 0.238 0.0458 
Treatment x Minor Depression 8.807 0.050 0.823 0.063 

* Not entered in this model 
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Table 2. Variables predictive of outcome: combined category 
(n = 130) 

Effect Outcome Measure 

tivity (0.0654), t reatment • distinct quality 
treatment x non-reactivity (0.0229). 

(o.ooo5), 

Final Hamilton Final CGI 

B Coef- P value B Coef- P value 
ficient ficient 

Intercept 0.305 - 0.952 4.077 - 0.000 
Baseline Hamilton 0.772 0.000 * * 
Treatment (Drug) - 6.794 0.000 - 1.524 0.000 
Sex (Female) -3.995 0.044 -0.442 0.019 
Percipitants * * -0.409 0.001 
No previous hospi- 

tallization - 3.967 0.049 * * 
Concurrent phy- 

sical illness 5.579 0.016 * * 
Distinct quality * * - 0.762 0.006 
Non-reactivity * * -0.742 0.049 
Treatment x Dis- 

tinct quality * * 1.346 0.000 
Treatment • Non- 

reactivity * * - 1.243 0.015 

* Non entered in this model 

Among the criteria of severity and endogenicity, the 
Michigan score served as an effect modifier on both scales 
(i.e. lesser response at higher levels of endogenicity). A 
treatment  • RDC depressive type interaction occurred 
at a borderline level of significance (Table 1). Modest  
improvement  was noted for both treatments,  which did 
not differ, if the patient exhibited minor/intermittent de- 
pression. Clear-cut improvement  occurred with isocar- 
boxazid in major depression, as compared with minimal 
effect with placebo. 

Stage 2 of the analysis is shown in Table 2, in which 
each significant predictor from the different categories 
was entered into the model. Using final HDS as the out- 
come variable, significant main effects were noted for 
baseline HDS and drug. Additional main effects were 
observed for sex (women showed bet ter  response), ab- 
sence of previous hospitalization (better response) and 
presence of concurrent physical illness (worse response). 
With CGI as the dependent  variable, main effects were 
found for drug, sex, precipitating factors and distinct 
quality (all predicting bet ter  response), and non-reactiv- 
ity predicting poorer  response. 

Treatment  and predictor interactions were evident 
for distinct quality and non-reactivity, with the latter of 
these predicting MAOI  effect. 

The overall variance (R 2) accounted for by this model 
was fair, being 0.31 for the HDS and 0.33 for the CGI. 

The use of linear regression places a strain on assump- 
tions of continuity and linearity on a dependent  variable 
with limited distribution. An ordinal logistic model was 
fitted to the same variables found in the linear regression 
model for CGI,  and this yielded extremely similar prob- 
ability levels for each independent  variable. These levels 
were as follows: drug treatment (0.0001), female (0.0064), 
precipitants (0.0022), distinct quality (0.0082), non-reac- 

Discussion 

This study provided barely any support for the existence 
of specific symptoms predicting response to MAOI  ther- 
apy, once the effect of other variables had been taken 
into account. Our limited findings even contradict clini- 
cal wisdom, in that non-reactivity of mood was the only 
specific predictor of good outcome with MAOI.  A find- 
ing such as this may partly be explained by the sample, 
since we selected patients for the study on the basis of 
having symptoms that were presumed to be M AOI  re- 
sponsive. In such a population, "endogenous" symptoms 
may have a different interactive effect upon outcome 
from that in a group of melancholic inpatients. Support 
for this idea is provided by our previous report  of re- 
sponse and non-response to isocarboxazid in depressed 
inpatients (Davidson et al. 1988); in these patients non- 
reactivity of mood and phobic symptoms were associated 
with a greater likelihood of non-response to the drug. 

Minor depression was another specific predictor of 
poorer  response to drug. Lack of antidepressant drug ef- 
fects in RDC minor depression or other forms of mild 
depression has been previously observed for desipramine 
(Stewart et al. 1983) and for amitriptyline (Paykel et al. 
1988). A certain level of symptom severity seems neces- 
sary for antidepressant benefits to become apparent. It is 
possible that side effects of high dose drug therapy out- 
weigh benefits at very low levels of symptom severity, 
and that lower doses would yield different results. 

General  predictors of good outcome, all of which ap- 
peared less significant than the effect of drug, included 
severity of symptoms, being female, having no previous 
hospitalizations and the presence of precipitants. Con- 
current physical illness was predictive of poor  response. 

We take our findings to be more consistent with the 
view that isocarboxazid is an effective antidepressant in 
most types of depression, with the possible exception of 
psychotic subtypes (Davidson et al. 1982), and that the 
search for quintessentially "MA O I  specific" atypical 
symptoms continues to be elusive: it may even prove to 
be a mirage. Numerous studies (Raft et al. 1979; Vallejo 
et al. 1988; Nolen et al. 1986; Quitkin et al. 1988; Liebo- 
witz et al. 1984; Davidson et al. 1986; Kayser et al. 1988), 
have shown an MAOI  to be superior to a tricyclic or 
other antidepressant, both in full samples and in post 
hoc derived subgroupings, but no common thread can be 
discerned from these different samples, other than the 
superior effect of an MAOI.  They span melancholic/typ- 
ical and non-melancholic/atypical depression, men and 
women, young and old, outpatients and inpatients, mood 
reactive and mood non-reactive patients. 

Some data were missing for individual observations in 
a scattered fashion. In the multivariate model,  absence 
of data served to eliminate that observation from use at 
that point. This was the reason for doing the step-down 
procedure in several stages, to regain as many observa- 
tions as possible in the latter stages of the process in 
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order to maximize the power and minimize the problem 
of possible bias. 

It is important to recognize a number  of important 
factors in any study of predictors, because failure to do 
so may result in misplaced confidence as to the validity 
of a finding. Our study is no exception in this regard. 

Among the questions that need to be asked are the fol- 
lowing: 
(1) How is the sample characterized: are they outpa- 
tients, inpatients, t reatment resistant, drug-naive, old or 
young? 
(2) For  how long has treatment been administered? 
Findings based on 4 weeks' t reatment may well yield dif- 
ferent predictors from a 10- to 12-week trial. 
(3) What dose of t reatment was used? A daily tricyclic 
dose of 150 mg/day may yield different outcome and re- 
sponse predictors than a dose of 300 mg/day. Different 
interactions between depressive type and outcome have 
been noted by us for high and low doses of isocarboxazid 
(Davidson et al. 1986). 
(4) Is the comparison made between or within treat- 
ments? Caution should be used in generalizing results of 
one form of comparison to another.  
(5) Was a placebo condition used? Without a placebo or 
non-treatment  control, it is impossible to differentiate 
those predictors which are drug specific from those which 
merely indicate good prognosis depression, or those 
likely to respond to non-pharmacological treatments. 
(6) How homogeneous is the sample? The criteria for 
major depression cover a broad spectrum and include 
some depressions which are not responsive to tricyclic 
(Carroll 1984) or MAOI  therapy (Davidson et al. 1989). 
(7) How is response measured, and how are the groups 
defined? Use of the two categories, responder or non- 
responder,  while having clinical utility, may be a less 
sensitive index than using a continuous measure of re- 
sponse. 
(8) In a model which results from a multiple step-down 
procedure,  it is important  to remember  that the signifi- 
cance of any given variable is that calculated when there 
are simultaneously other variables in the model exerting 
effects both on each other  and the dependent  variable. 
Tests of the significance of a specific variable under 
these circumstances are not the best of the relationship 
of that single variable to outcome. It may be competing 
with another  variable which is virtually identical and 
either of which, by themselves, might be highly related 
to outcome but which in combination with each other 
each fail to share a significant amount  of variance. Re- 
moving either will immediately cause the other  to jump 
in significance. It would be wrong to say that either lacks 
a significant relationship to outcome, except when in 
combination with each other. 
(9) Interpretation of predictor studies needs to take into 
account the question of sample size (Kraemer  and Thie- 
mann, 1987). Clearly the power to identify a real predic- 
tor as significant is related both to the magnitude of its 
real relationship to outcome and to its incidence in a sur- 
veyed population. If it is rare in the population being 
tested it may well be difficult to establish a real relation- 

ship as significant. The intent of this paper is to identify 
probable predictors from a large pool of potential pre- 
dictors in a population that was selected to test the effect 
of drug treatment on outcome, an effect which was shown 
to be highly significant. 

In conclusion, our study has provided little support for 
clinically useful MAOI-specific predictors, or for a char- 
acteristically MAOI-responsive depressive type. It has 
raised a number of issues on the matter  of predicting 
antidepressant response, and taken with our previous re- 
port  (Davidson et al. 1988), supports the view that iso- 
carboxazid, a hydrazine MAOI  drug, is a useful antide- 
pressant in both melancholic and atypical forms of the 
illness. Like Paykel et al. (1988), we believe that severity 
of illness remains the single most important predictor of 
an antidepressant drug's short-term efficacy relative to 
placebo. 
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