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INTRODUCTION
Anorexia Nervosa (AN) is a serious life threatening 

medical and mental condition characterized by restrict-
ed energy intake, intense fear of gaining weight and 
disturbance in self-perceived weight and body shape. 
AN is associated with various endocrine disturbances, 
particularly reduced serum testosterone levels1. Other 
examples include deregulation of leptin, cortisol, glu-
cose, thyroid and reproductive function2. Lower tes-
tosterone levels are associated with cognitive decline3. 
Mechanism involves either testosterone being metab-
olized to dihydrotestosterone and binds to androgen 
receptor or converted to estradiol through aromatase 
enzyme4. Testosterone has neuroprotective effects by: 
(i) increasing concentration of nerve growth factor in 
hippocampus and forebrain (ii) inhibiting production 
of β-amyloid peptide and Tau phosphorylation known 
to accelerate cognitive impairment5,6. AN is also associ-
ated with cognitive and emotion functioning deficits7,8. 

These cognitive dysfunctions correlate with abnormal 
activity in ventrolateral prefrontal cortex9, temporal-or-
bito-frontal lobes, fronto-striatothalamic circuits, amyg-
dala and insula10. 

Recently, emotional intelligence (EI) has gained at-
tention of researchers due to its association with health 
problems11. EI is defined as social competencies, abil-
ities and skills to deal effectively with challenges and 
demands of daily life. Impaired EI refers to cognitive-af-
fective disturbance of emotion management12. Patients 
with AN show lower EI and emotion processing defi-
cits13,14. Cognitive and affective control are intertwined 
because these mental processes share neural projec-
tions from anterior cingulate cortex in order to inte-
grate these separate domains for optimal behavioral 
response15. There is a gap in the literature to understand 
whether emotion and cognitive functioning are inter-
twined in AN. In the current study, emotion processing 
was examined as EI and affective control whereas cog-
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nitive functioning was assessed as task switching abili-
ty. In more recent years, affective control has captured 
attention of researchers16. It is defined as the ability to 
regulate emotions and mood fluctuations. Impaired af-
fective control characterizes many neuropsychological 
disorders17. 

Task switching is a higher order cognitive function 
which requires flexibility and cognitive control for 
set-shifting when the task changes. Efficient perfor-
mance involves manipulation of cognitive resources 
specifically attention and memory. Neural basis of task 
switching involves prefrontal cortex mainly because de-
cision to several dimensions of stimuli are required18. 

Neuroimaging studies have demonstrated that dis-
tinct neural networks are activated during cognitive 
(prefrontal cortex, anterior cingulate cortex) and af-
fective control (medial prefrontal cortex, amygdala). 
Balanced interaction between cognitive and affective 
control is necessary for self-regulation and decision 
making19. In contrast, disturbed interaction between 
cognition and emotion processing has been observed 
in several neuropsychological disorders20-22. Somatic 
marker hypothesis suggests that impaired emotion sig-
naling leads to cognitive deficits such as patients with 
lesions of the ventromedial prefrontal cortex, amygda-
la and insular cortices demonstrate low EI and decision 
making deficits22. Neural circuits subserving emotional 
states and higher order cognitions overlap23,24. There-
fore, changes in human behavior, actions, and attitudes 
result from dysfunctions of this cortical network25. Bio-
psychosocial approach suggest that mental processes 
are inseparably connected and psychological disorders 
are characterized by dynamic neural systems composed 
of interconnected brain structures. Emotional process-
es interact with cognitive functions and influence top 
down control and self-regulation. This integration is 
disrupted and apparent in psychiatric and neurodegen-
erative disorders disconnecting major feedback path-
ways to neuraxis26.

The current study was designed with following ob-
jectives: (i) to compare serum testosterone levels be-
tween anorexics and healthy individuals (ii) to compare 
anorexic patients with healthy controls on measures of 
EI, affective control and task switching (ii) to examine 
relationship between serum testosterone levels, EI, af-
fective control and task switching in AN. 

Given that neurocognitive changes were associated 
with AN and serum testosterone levels, it was hypoth-
esized that patients with AN would show reduced se-
rum testosterone levels and deficits in task switching, 
affective control and EI in contrast with healthy controls. 
Further, serum testosterone levels, EI and affective con-
trol would be significant predictors of task switching 
performance.

METHODOLOGY
The study was approved by board of studies of The 

Islamia University of Bahawalpur and was conducted 
following the principles outlined in Helsinki Declara-
tion. Fifty women diagnosed with restrictive subtype 
of AN according to Diagnostic and Statistical Manual 
for Mental Disorders (version 5)27 at Bahawal Victoria 
Hospital, Civil Hospital Bahawalpur and Nishtar Hospi-
tal Multan participated in the study from April 2016 to 
February 2017. Inclusion criterion for patients were (i) 
age range between 15 to 25 years (ii) female gender 
(iii) diagnosed with restrictive subtype of AN (vi) body 
mass index below 17.5 kg/m2 (v) medical report having 
testosterone examined . Exclusion criterion for patients 
were as follows: (i) present or previous symptomology 
of substance use, psychiatric/neurological condition ex-
cept AN as screened through Mini International Neu-
ropsychiatric Interview28 (ii) using oral conceptives (iii) 
receiving hormone therapy (e.g., androgen or DHEA).  
Fifty healthy women were contacted from local com-
munity with the inclusion criterion same as followed for 
patients except body mass index between normal range 
(18.50 -24.99 kg/m2) according to World Health Orga-
nization guidelines. Exclusion criterion were same as for 
patients. Serum testosterone levels (assessed in early 
follicular phase i.e., 1-7 day of menstrual cycle) were 
obtained from their medical record not older than two 
weeks of the date of the testing session.

BarOn Emotional Quotient Inventory (BarOn EQ-i) 
was used as a measure of EI29. It is a 133 statement scale 
assessing EI on a five-point response set: 1= not true 
of me to 5= true of me. Total EI score is interpreted as: 
atypically well-developed emotional capacity= 130 & 
above; extremely well-developed emotional capacity= 
120-129; well-developed emotional capacity= 110-119; 
adequate emotional capacity= 90-109; underdeveloped 
emotional capacity= 80-89; extremely underdeveloped 
emotional capacity= 70-79 and atypically underdevel-
oped emotional capacity= below 70. The alpha reliabil-
ity of BarOn EQ-i is between 0.60-0.70. Affective Con-
trol Scale (ACS) was administered to assess affective 
control30. ACS consists of 42 items assessing control 
on anger, depressed mood, anxiety and positive affect. 
Two-week test-retest reliability is 0.78. High score re-
flects deficient affective control. Trail Making Test-part B 
(TMT-B) was used to assess task switching ability31. The 
test requires the subject to alternate between series of 
numbers and letters, for instance 1,A, 2,B, 3,C, 4,D……
The performance is interpreted as deficient if the time 
taken to perform the test exceeds 91 seconds. Larger 
switch costs (i.e., time taken to perform TMT-B) shows 
task switching impairment. Participants gave written 
informed consent. Following they were administered 
BarOn EQ-i, affective control scale and TMT-part B in a 
single testing session.
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Data was analyzed through SPSS (version 20). Demo-
graphic and clinical characteristics were assessed using 
descriptive statistics. Group differences on serum tes-
tosterone, BarOn EQ-i, ACS, and TMT-part B were exam-
ined through multivariate analysis of variance (MANO-
VA) with Group as a fixed factor. Bivariate correlations 
were computed to assess relationship between serum 
testosterone levels, EI, affective control and task switch-
ing ability in patients with AN. 

Regression analysis was conducted to find out pre-
dictor of task switching performance in anorexic patients 
with demographic/clinical characteristics, affective con-
trol, EI as independent variables and task switching as 
dependent variable.

RESULTS
Results of MANOVA showed significant differences 

between patient and control group on serum testos-
terone F (1, 98)= 948.40, p<0.001, ηp2=.90 ; EQ-i F (1, 

98)= 2515.45, p<0.001, ηp2=.96; ACS F (1, 98)= 164.97, 
p<0.001, ηp2=.62; and TMT F (1, 98)= 3639.44, p<0.001, 
ηp2=.97. Patients showed under developed emotional 
capacity, deficient affective control and task switching 
deficits in contrast with controls (Table 2). 

Bivariate correlations analysis showed significant 
association of total testosterone with scores on BarOn 
EQ-i (r= .77, p<0.001), Affective control scale (r= -.51, 
p<0.001) and TMT-B (r= -.87, p<0.001), as shown in Ta-
ble 3. 

Regression analysis showed testosterone as signifi-
cant predictor of task switching performance F (7, 49)= 
22.19, p<0.001, R2 = .78; testosterone β= -.75, t= -6.41, 
p<0.001; BarOn EQ-i  β= -.25, t= -1.93, p=.059; duration 
of amenorrhea β= -.09, t= -1.26, p= .21; age at disease 
onset β=. -01, t= -1.44, p= .88; duration of illness β= .03, 
t= .41, p= .68; BMI β= -.01, t= -.16, p=.87; and ACS β= 
-.11, t= -1.25, p= .21 failed to reach the level of signifi-
cance.ts with AN.

Table 1: Characteristics of patients with anorexia and control group
Characteristics AN Group, n=50

M (SD)
Control group, 
n=50, M (SD)

t (df), p

Age (range 15-25 years) 19.03 (2.74) 20.22 (2.74) t (49)=1.96, p=.05

Education (range 9-14 years) 11.55 (1.74) 11.36 (1.80) t (59)=0.64, p=.519

Height (cm) 161.36 (2.36) 161.00 (2.17) t (49)=.99, p=.32

Weight (kg) 39.78 (1.94) 52.18 (1.36) t (49)=43.18, p<0.001

BMI (kg/m2 ) 14.90 (0.78) 20.88 (0.79) t (49)=36.16, p<0.001

Table 2: Multivariate analysis of variance for group differences between patients with anorexia nervosa 
and healthy controls on total testosterone, BarOn EQ-i, ACS and TMT-B

Variables
Patients (n=50) Controls (n=50)

M (SD) 95% CI LB 95% CI UB M (SD) 95% CI LB 95% CI UB
EQ-i 84.28 (2.74) 83.27 85.28 123.30 (4.79) 122.26 124.27

ACS 4.92 (1.04) 4.52 5.01 2.64 (0.69) 2.47 2.96

TMT-B 110.76 (5.77) 109.07 118.82 47.66 (4.62) 46.47 49.22

Testosterone (ng/dl) 22.44 (0.73) 22.05 22.81 31.80 (2.02) 31.45 32.21

EQ-i= Emotional quotient- inventory; ACS= Affective control scale; TMT-B= Trail Making Test-B.
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Table 3: Bivariate correlations between total testosterone and scores of patients with anorexia 
nervosa (n=50) on BarOn EQ-i, ACS, TMT-B

Variables BarOn EQ-i ACS TMT Testosterone

BarOn EQ-i 1 r =-.63*, p<.001 r = -.74*, p<.001 r = .77*, p<.001

ACS r = -.63*, p<.001 1 r = .42*, p<.01 r = -.51*, p<.001

TMT r = -.74*, p<.001 r=.42*, p<.01 1 r = -.87*, p<.001

Testosterone r= .77*, p<.001 r= -.51*, p<.001 r = -.87*, p<.001 1

EQ-i= Emotional quotient- inventory; ACS= Affective control scale; TMT-B= Trail Making Test-B.

DISCUSSION
There were several important results: (i) patients 

with AN showed reduced serum testosterone levels as 
compared with healthy controls (ii) patients with AN 
showed under developed EI, deficient affective control 
and impaired task switching abilities in contrast with 
controls (ii) serum testosterone, duration of amenor-
rhea and EI were found as significant predictors of task 
switching ability in patients with AN. Reduced levels of 
serum testosterone has been associated with cogni-
tive decline because testosterone has neuroprotective 
function against deposits of β-amyloid peptide and Tau 
phosphorylation3,6. Neurotoxic effects are well known to 
accelerate cognitive deficits such as dementia. Further, 
testosterone regulate nerve growth in hippocampus 
and forebrain. These brain areas are involved in cog-
nitive functions, for example memory, recall, attention 
and information processing5. Patients with AN suffer 
from hormonal abnormalities such as reduced serum 
testosterone1, but relationship between testosterone, 
cognition and EI have never been examined. Therefore, 
the current study was a first attempt to fill in this gap 
in literature. 

Results of the present study are consistent with pre-
vious findings of lower testosterone in anorexics as 
compared with healthy individuals1. Most importantly, 
inverse correlation of testosterone with reaction times 
taken to perform TMT-B indicates deficits in working 
memory, recall and information processing in patients 
with AN. Positive association of testosterone with EI in-
dicates that testosterone is involved in social cognition 
as well. Previous studies suggest that testosterone plays 
role in human social cognition32,33. Previous research 
has suggested deficient affect regulation and cognitive 
impairment in patients with AN7,8. These abnormalities 
have been associated with brain structural changes in 
temporal-orbito-frontal lobes, fronto-striatothalamic 
circuits, amygdala and insula. Neurocognitive deficits 
that involve cognitive inflexibility and social cognition 
are due to weak integration of cortical (insula, fron-

to-parietal network) and subcortical structures (thala-
mus, hippocampus, amygdala) of the brain in patients 
with AN9. Task switching in the current study involved 
cognitive flexibility. Switching requires efficient manip-
ulation of cognitive resources such as working memory, 
recall, attention, etc. Larger switch costs in the present 
study suggest working memory difficulties and cogni-
tive rigidity in patients with AN. Previous research also 
suggest visuo-spatial working memory deficits and 
cognitive rigidity during verbal and non-verbal deci-
sion making in patients with AN whereas these deficits 
were not present in healthy controls34. Impaired deci-
sion making to cognitive stimuli reduces processing 
speed which can be indexed as larger switch costs. Task 
switching involves set-shifting pertaining to each task 
when the task gets alternated. Deficient switching abil-
ity shows lack of attention, impaired inhibitory control 
and inability to adapt task/environment related de-
mands. Decreased thalamus activation in patients with 
AN reduces the capacity to ignore task irrelevant infor-
mation, thus increases switch costs15. As neural basis of 
impaired EI and cognitive performance rely on prefron-
tal cortex17, deficits in EI and affective control in patients 
were also observed in the current study. This might be 
the reason that EI was found as a significant predictor of 
task switching performance.

LIMITATIONS
There are few limitations of the current study. Cross 

sectional examination would have been informative 
if other types of AN might be included in the sample. 
A comparison of cognitive performance with bulim-
ics would provide detailed insight in to the biological 
mechanism.

CONCLUSION
Testosterone, duration of amenorrhea and EI can 

serve as significant marker of task switching deficits in 
patients with AN. A comprehensive cognitive rehabili-
tation might be helpful in treatment andprevention of 
socio-cognitive deficits patients with AN.
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FUTURE DIRECTIONS
Future directions are to assess whether (i) testoster-

one levels must be examined after weight gain in AN (ii) 
emotion and cognitive deficits appear after weight gain 
in anorexics (iii)  EI and task switching deficits can be 
improved with some training.
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