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Abstrac t  :  Ea r l i e r  s tud ies  have  shown conf l i c t ing  resu l t s  r ega rd ing
impa i rment  o f  execu t ive  func t ions  in  pa t i en t s  o f  ma jo r  depress ion .  In
the  present  s tudy,  subjec ts  were  d iv ided in to  fo l lowing groups-Group 1
(19 Males & 11 females, age 18–45 years) consisting of patients of major
depress ion  d iagnosed  on  the  bas i s  o f  DSM IV c r i t e r i a  and  Group  2
(20 Males & 10 females,  age 18–45 years) consisting of healthy subjects
who had  been  sc reened  for  any  sub-psychia t r ic  i l lness  by  s tandard ized
hindi version of Goldberg’s General Health Questionnaire (G.H.Q.). All the
Group 1  & Group 2  subjec ts  were  ra ted  on  Hami l ton  Rat ing  Sca le  for
Depress ion (HAM-D) and then adminis tered Neuro-cogni t ive  tes t  bat tery
consist ing of Letter Cancellation test ,  Trail  Making test  ‘A’ & ‘B’,  Ruff
F igura l  F luency  tes t ,  Forward  & Reverse  Dig i t  Span  tes t  fo r  assess ing
following cognitive domains :  Attention span, visuo-motor scanning, short
term memory and execut ive funct ions l ike  working memory,  information
manipulation, set-shifting strategy analysis etc.  Results showed significant
impa i rment  on  a l l  the  s tud ied  neuro-cogn i t ive  pa ramete r s  in  Group  1
subjects  as  compared to Group 2 subjects ,  which demonstrate s ignif icant
impairment of attention, visuomotor speed, immediate verbal memory, short-
t e rm re ten t ive  capac i ty  and  execu t ive  func t ions  ( s t r a t eg ic  p lann ing ,
attentional set shifting and working memory) in patients of major depression.
It may probably be due to the disruption of dorso-lateral prefrontal cortex
(dlpfc)  and orbito-frontal  networks in patients  of  major depression
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INTRODUCTION

Depressive disorders afflict about 10–25%

of  women and  5–12% of  men and  i s
cons idered  as  the  mos t  common mood
disorder ,  which  may manifes t  as  s ingle  or
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recurrent episodes (1).  Depression is known
to affect mood, movement and cognition and
cogni t ive  def ic i t s  a re  cons idered  as  the
ep iphenomenona  of  the  d i sorder  (2 ) .  I t  i s
impor tan t  to  unders tand  the  pa t te rn  o f
cogni t ive  impai rments  as  i t  may  d i rec t ly
af fec t  the  capac i ty  o f  the  pa t ien t s  to
par t i c ipa te  in  occupa t iona l  and  soc ia l
ac t iv i t i es .  I t  i s  commonly  accep ted  tha t
depress ion  a f fec t s  l ea rn ing  and  ep i sod ic
memory including both  expl ic i t  verbal  and
visual memory (3, 4) while implicit memory
is spared (5,  6) .  However,  there have been
conflicting results in the pattern of executive
func t ions  tha t  a re  impai red  in  the
depress ion .  Many s tud ies  sugges t  the
impai rment  o f  a t t en t iona l  se t  sh i f t ing ,
work ing  memory  (4 ,  7 )  and  increased
persevera t ive  responses  (8 ) ,  whi le  o ther
studies contradict many of these findings (9).
There  i s  a l so  pauc i ty  o f  da ta  on  neuro-
cogni t ive  funct ions  in  depress ive  disorders
in Indian scenario.  Therefore,  present study
has  been conducted to  evaluate  the  neuro-
cogni t ive  func t ions  inc lud ing  execu t ive
functions in pat ients  of  major  depression.

METHODS

The present study was carried out in the
Depar tment  o f  Phys io logy  and  Depar tment
of Psychiatry, Lady Hardinge Medical College
and  Smt .  Suche ta  Knplan i  Hospi ta l ,  New
Delhi .

Study  des ign :  Pr ior  permiss ion  for  the
presen t  p ro jec t  was  taken  f rom the
ins t i tu t iona l  e th ics  commit tee  and  then
th i r ty  pa t ien t s  suf fe r ing  f rom Major
Depression (19 Males and 11 Females) in the
age group of 18–45 years were recruited from
out  pa t ien t  se rv ices  o f  the  Depar tment  o f

Psychiatry, S.S.K.R Two Psychiatrists using
DSM-IV cr i t e r ia  conf i rmed  the  d iagnos i s
independent ly .

Thi r ty  hea l thy  non-smoker  vo lun teers
(Age : 18–45 years) (20 Males and 10 Females)
were part of this study. There was no history
of previous chronic illness or drug abuse in
these  subjec ts .

All the participants signed a declaration
of  wri t ten informed consent  and they were
free to withdraw from the study at any stage.

Major  depress ion  group :

Inclusion criteria :

(i) Patients in the age group of 18 to 45
years  u t i l i z ing  the  se rv ices  o f  the
Depar tment  o f  Psychia t ry ,  Lady
Hard inge  Medica l  Col lege  wi th
the  d iagnos i s  o f  Major  Depress ion
according to DSM-IV criteria.

(ii) At least six years of formal education.

(iii) Had  no t  been  t rea ted  fo r  the  cur ren t
episode of Depression.

Exclusion cri teria :

(i) Pa t ien t s  wi th  h i s to ry  of  p rev ious  o r
current  organic  d isease .

(ii) Pa t ien t s  wi th  pas t  h i s to ry  o r  cur ren t
evidence of  substance dependence.

(iii) Pa t ien t s  wi th  ep i lepsy  or  menta l
r e t a r d a t i o n .

(iv) Patients who were unwilling or unable
to  par t ic ipate .
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Ins truments  of  the  s tudy :

Diagnos t ic  and  S ta t i s t i ca l  Manua l  o f
Mental  Disorders  (DSM-IV) (10) .  I t  i s  the
official psychiatric coding system used in the
Uni ted  S ta tes  o f  Amer ica  and  i t  p rov ides
specified diagnostic criteria provided for each
mental disorder. These criteria include a list
o f  fea tures  tha t  mus t  be  p resen t  fo r  a
diagnosis to be made. These criteria increase
the  re l i ab i l i ty  o f  c l in ic ians ’  p rocess  o f
diagnosis. It was due to this reason of high
specifici ty that  this instrument was used to
confirm the diagnosis of major depression in
th i s  s tudy .

Hami l ton  Rat ing  Sca le  fo r  Depress ion
(HAM-D) (11).

This scale consists of 17 variables with
ratings from 0 to 4 for certain variables such
as depressed mood, guilt, suicidal tendencies,
work and interests whilst other variables like
insomnia ,  ag i ta t ion ,  and  genera l  somat ic
symptoms a re  ra ted  f rom 0  to  2 .  The
individual scores for each variable are to be
added to provide for a cumulative score for
the  pa t ien t .  I t  i s  used  for  quant i fy ing  the
resul ts  of  an interview. Reliabi l i ty  is  good
to excel lent ,  including internal  consis tency
and inter-rater assessments. Validity appears
good  on  cor re la t ion  wi th  o ther  symptom
measures. Thus, it was included in this study
to  ra te  the  depress ive  component  in  the
pa t ien t s  suf fe r ing  f rom major  depress ive
d isorder .

Standardized Hindi Version of Goldberg’s’
Genera l  Hea l th  Ques t ionna i re  (12)
Goldberg’s' GHQ is considered as one of the
best  screening devices  avai lable  so far  for
iden t i fy ing  minor  psych ia t r i c  i l lnesses  in

The subjects were divided into following
groups :

GROUP 1 (n=30) (19 Males and 11 Females)
30 diagnosed patients suffering
from Major  depression.

GROUP 2 (n=30) (20 Males and 10 Females)
Cont ro l  g roup  of  30  Hea l thy
subjec ts .

Subjec t s  were  asked  to  repor t  in  the
Department of Physiology at 9 A.M. for the
recording of parameters.  At the start  of the
s tudy  (Pre  t es t  va lue) ,  semi-s t ruc tured
performa for socio-demographic detai ls  was
filled in by all the subjects. All the subjects
were  then  ra ted  on  Hamil ton  Rat ing  Scale
for  Depression (HAM-D).  Group 2 subjects
were  a lso  screened for  any sub-psychiat r ic
i l lness  by  s tandard ized  Hindi  vers ion  of
Goldberg’s General Health Questionnaire. All
g roup  1  and  Group  2  sub jec t s  were  then
assessed on Neuro-Cogni t ive  Test  Bat tery.

In the Neurocognit ive Battery,  the tests
were  p resen ted  to  a l l  the  sub jec t s  in  the
same order  as  has  been ment ioned here :

• Le t te r  Cance l la t ion  tes t .

• Trail making Test ‘A’

• Trail making Test ‘B’

• Ruff  Figural  Fluency Test .

• Digi t  Span Forward and Reverse Test .

The  en t i re  assessment  took  about  2 -3
hours .  Also,  the subjects  were not  a l lowed
more than two breaks in the ent ire  session
if so desired.
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genera l  popula t ion  and i t  a l so  serves  as  a
screening device for epidemiologists.  I t  has
been  t rans la ted  in  Hind i  by  t rans la t ion-
retranslat ing method and spl i t -half  method.
The tool is considered sensitive and reliable.
Each question is rated on a score of 0 to 1.
Individuals having score of 7 and below can
be taken as ‘probable normals’, scores from
8 to 15 as ‘probable cases’ and more than 15
as ‘definite cases’. It was used in the study
to select  normal control  subjects  free from
any form of psychiatric i l lness.

Neurocognit ive Test  Battery  :

In  o rder  to  fac i l i t a te  rep l ica t ion ,  on ly
tes t s  ava i lab le  and  f requent ly  documented
in  the  neuro-psycholog ica l  l i t e ra tu re  were
employed (13).

Letter Cancellation Test  : This test assesses
v isua l  scanning ,  response  speed  and
sustained attention. The subject is presented
wi th  l e t t e r s  o f  Engl i sh  a lphabe t ,  and  i s
ins t ruc ted  to  cance l  ou t  spec i f i c  l e t t e r s .
The  score  i s  the  t ime taken  by  subjec t  to
actually perform this task.  In addition, the
numbers  of  di f ferent  errors  (omissions  and
commissions)  done by the  subject  are  a lso
coun ted .

Trail  Making Test :

Part A : assesses visuo-motor speed and
attention.  The subject  is  instructed to draw
a  s t ra igh t  l ine  to  connec t  25  consecu t ive
circles.  The score is  the t ime taken by the
subject  to  complete  the task.

Part B : In addition to visuo-motor speed
and attention, it requires the patient to shift
s t ra tegy and hence ,  i s  a  sens i t ive  measure

of  execu t ive  func t ion  as  wel l .  In  th i s  the
subject is instructed to connect 25 numbered
and le t tered c i rc les  by a l ternat ing between
the  two sequences .  The  score  i s  the  to ta l
t ime taken  by  the  pa t ien t  to  comple te  the
t a s k .

Ruff Figural Fluency Test : This test permits
us  to  s tudy  the  non-verba l  f luency  of  a
sub jec t ,  which  i s  an  ind i rec t  measure  o f
sub jec t ’ s  ab i l i ty  to  fo rm a  s t ra tegy  to
comple te  a  g iven  task .  The  sub jec t  i s
presented with a sheet of paper on which 40
boxes are present.  The objective is to draw
dissimilar patterns in these boxes by joining
dots  present  in  these  boxes  in  a  spec i f ied
period of t ime. The score is based on total
number  of  d iss imi lar  pa t terns ,  and number
of  persevera t ions .  The  ro ta t ions  were  a l so
noted  in  th i s  t es t  a long  wi th  pa t te rns  and
persevera t ions  as  ro ta t ions  a re  cons idered
to be the hallmark in the strategic approach
(A measure of executive function).

Digit Span :

Digits Forward : assesses immediate verbal
memory  span .  In  the  tes t ,  sub jec t s  mus t
repeat back sequences of digits of increasing
length read out by the examiner.  The score
i s  maximum number  of  d ig i t s  tha t  the
pat ient  can recal l .

Digi t s  Backward  :  In  addi t ion  to  audi tory
a t ten t ion  and shor t - te rm re tent ive  capaci ty
th i s  t es t  a l so  assesses  the  ab i l i ty  to
manipu la te  in format ion  in  the  verba l
work ing  memory  (and  hence  i s  sens i t ive
measure of executive function).  The subject
has  to  repeat  the  sequences  of  numbers  of
increas ing  d ig i t  length  in  reverse  order  to
what was said by the examiner. The score is
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the maximum number of such digits that the
pat ient  is  able  to  reverse .

Stat i s t i ca l  ana lys i s

For  each  group ,  Mean  and  S tandard
Devia t ion  of  the  scores  were  ca lcu la ted .
In te r -group  mean  d i f fe rences  in  Age ,
Hamil ton  Rat ing  Sca le  for  Depress ion  and
neuro-cognit ive test  parameters  were tested
for  s ignif icance by using Mann-Whitney U
tes t .  Chi -square  tes t  was  used  to  compare
the sex-distribution and modified Kuppuswami
socio-economic scale .  The interpretat ion of
‘P’ values was as follows :

P>0.05 – Not significant. P<0.05 – Significant.
P<0.01 – Highly s ignif icant .  P<0.001 Very
highly signif icant .

RESULTS

The  sub jec t s ’  charac te r i s t i cs  and  the i r
relevant clinical data are shown in Table I.

Tab le  I  demons t ra tes  tha t  pa t ien t s  in
both Group 1 and Group 2 had no statistically
s ign i f ican t  d i f fe rences  in  the  age  and  sex
distribution. Revised Kuppuswami’s scale was
used for  determining socio-economic s tatus
of the two groups. Both the groups had the
major i ty  o f  pa t ien t s  f rom middle  soc io-
economic group and no significant difference
was found in  socio-economic s ta tus  of  the
two groups .  There  was  h igh ly  s ign i f ican t
difference in the base-line (Pre-test) HAM-D
scores in the patients of Group 1 and Group
2. So, the two Groups were comparable for
the  s tudy .

Table  I I  shows  compar i son  of  neuro-
cogni t ive  parameters  be tween  pa t ien t s  o f

TABLE I : Charac te r i s t i c s  o f  sub jec t s .

Parameters
Group 1 Group 2
(n=30) (n=30)

Age (yrs) 31.77±8.47 31.47±8.72
(Mean±S.D.)
G e n d e r
• Females 11 10
• Males 19 20
Marital status
• Marr ied 19 21
• U n m a r r i e d 1 0 9
• Divorced, separated 1 0

or widowed
Socio-economic
s t a t u s
• U p p e r 0 0
• Middle 23 22

(upper & lower)
• Lower 7 8
HAM-D 20.37±4.20 01.87±0.97***
(Mean±S.D.)
No. of previous
episodes of MDD
0 3 4
1 11 9
2 10 9
3 or more 6 8

***P<0 .001 MDD :  Major  Depress ive  Disorde r .
HAM-D :  Hami l ton  Ra t ing  Sca le  fo r  Depress ion

T A B L E I I : Showing  compar i son  in  the  base -
l ine  neuro-cogn i t ive  t e s t  pa ramete r s
between Group 1 and Group 2 subjects .
( M e a n ± S . D . )

Parameters
Group 1 Group 2
(n=30) (n=30)

Letter cancellation test
• Time (sec) 150.17± 5.84 129.87± 5.54*
• Omissions 8.13± 0.95 5.33± 0.78*
• Commissions 0.27± 0.14 0.27± 0.12

Trail making test ‘A’ 118.43± 7.62 82.93± 6.62***

Trail making test ‘B’ 194.37± 9.89 132.45± 8.18***

Ruff figural fluency test
• P a t t e r n s 12.27± 1.53 15.57± 1.11
• Rotat ions 02.97± 0.50 5.57± 0.74**
• Persevera t ions 24.87± 1.83 18.87± 1.36*

Forward digit span test 4.80± 0.89 5.67± 0.24*

Reverse digit span test 3.23± 0.14 4.17± 0.30*

*P<0.05, **P<0.01, ***P<0.001
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major  depress ion  and  hea l thy  sub jec t s .  I t
demons t ra tes  tha t  the re  was  s ta t i s t i ca l ly
s ign i f ican t  impai rment  on  a l l  the  t es ted
neuro-cogni t ive  parameters  in  the  Group 1
subjects as compared to Group 2 subjects.

DISCUSSION

Two groups were well  matched for age,
sex, and socio-economic status. So, they were
comparab le  fo r  the  s tudy .  In  the  p resen t
study,  pat ients  of  Major  depression (Group
1) showed a significant impairment on Letter
Cance l la t ion  Tes t  compared  to  normal
subjects  (P<0.01) .  Fur ther ,  they a lso  made
more  e r rors  o f  omiss ions  on  th i s  t es t
(P<0 .05)  thereby ,  demons t ra t ing  an
impai rment  o f  v i sua l  scanning ,  response
speed  and  a t t en t ion  span  in  depressed
subjec ts .

The  depressed  pa t ien t s  a l so  showed a
significant impairment on Trail Making Test
‘A’  (P<0 .01)  and  Tra i l  Making  Tes t  ‘B’
(P<0.001) when compared to normal subjects
hence ,  dep ic t ing  an  impai rment  o f  v i suo-
motor  speed and at tent ion span and abi l i ty
for set shifting (executive function).

In  the  Ruf f  f igura l  f luency  tes t ,  no
significant differences were observed in the
total  scores for new patterns generated, but
signif icant  impairment was seen on number
of  ro ta t ions  (P<0 .01)  and  presevera t ions
(P<0.05)  in  depressed  sub jec t s ,  aga in
demonstrat ing an impairment  of  non-verbal
fluency and deficit in executive functioning.

The  depressed  pa t ien t s  a l so  showed a
s ign i f ican t  impai rment  on  Dig i t  Forward
Span Test (FDS) (P<0.05) and Reverse Digit
Span  (RDS)  (P<0.05) ,  hence ,  showing

impai rment  o f  immedia te  verba l  memory ,
aud i to ry  a t t en t ion ,  shor t  t e rm re ten t ive
capacity and ability to manipulate information
in the verbal working memory, which again
demons t ra tes  an  impai rment  o f  execu t ive
funct ion.

Therefore ,  f rom the  resu l t s  o f  the
present  s tudy,  i t  is  concluded that  there is
s ign i f ican t  impai rment  o f  a t t en t ion ,
v i suomotor  speed ,  immedia te  verba l
memory,  short-  term retent ive capaci ty and
execu t ive  func t ions  ( s t ra teg ic  p lann ing ,
attentional set shifting and working memory)
in  pa t ien t s  o f  depress ion  when  compared
with  normal  subjects .

Our  resu l t s  a re  in  agreement  wi th
prev ious  s tud ies ,  which  sugges t  tha t
execu t ive  func t ions  and  a t t en t iona l
mechanisms  a re  se lec t ive ly  a f fec ted  by
depress ion  (14) .  Dorso- la te ra l  p re f ron ta l
cortex (dlpfc)  and anterior  cingulate cortex
are the key structures that  play a uniquely
critical role in orchestrating working memory
and attention (14). Dlpfc is also involved in
a t ten t iona l  se t - sh i f t ing  s t ra teg ies .  Neuro-
imaging  s tud ies  have  impl ica ted  le f t
d lp fc  and  orb i to - f ron to-ven t ra l  reg ion  as
major  s i t es  o f  func t iona l  and  s t ruc tura l
abnormal i t i es  in  major  depress ion  wi th
marked  decrease  in  neurona l  and  g l ia l
densi ty  in  these regions (15,  16) .  There is
significant evidence suggesting the existence
of distinct, parallel functional networks (17,
18)  o r  loops  l ink ing  pre - f ron ta l  and  sub-
cor t i ca l  reg ions  and  d i s rup t ion  of  these
func t iona l  ne tworks  i s  impl ica ted  in  the
pa thogenes i s  o f  a  number  o f  psych ia t r ic
d isorders  inc luding  major  depress ion  (19) ,
with i ts  effect  on affect ive,  vegetat ive and
autonomic domains (18). So, our findings also



Ind ian  J  Phys io l  Pharmaco l  2007 ;  51(1 ) Major Depression and Neuro-cognitive Functions 75

support  the  above hypothesis  of  d isrupt ion
of dlpfc and orbito-frontal networks in patients
of major depression. To conclude, there was
s ign i f ican t  impai rment  on  a l l  the  s tud ied
neuro-psychological tasks including executive
func t ions  in  pa t ien t s  o f  major  depress ion .
Future  s tud ies  should  be  suppor ted  wi th
more  comprehens ive  tes t  ba t te r ies  and

should  a lso  include event  re la ted  potent ia l
studies (ERP) such as P 300 wave.
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