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Abstract 

The purposes of this study were as follows: to compare premorbid IQ with present IQ in patients with 
more severe anorexia nervosa restricting type (AN-R) and to investigate the relationship between 
decreasing IQ and symptoms in patients with severe AN-R. Twenty-two participants were recruited (12 
were AN-R patients; 10 were healthy controls). The average BMI in AN-R patients and healthy controls 
was 12.65 and 19.82, respectively. We assessed the outcomes using the Wechsler Adult Intelligence 
Scale-Third Edition (WAIS-III), the Japanese Adult Reading Test, The Eating Disorders Inventory-2 
(EDI-2), Beck Depression Scale-2 (BDI-2) and State-Trait Anxiety Index. In two-way ANOVA, there 
were significant interactions for the FIQ and PIQ. Only in the AN-R group, a significant single main effect 
of time was evidenced for the FIQ and PIQ. In the AN-R group, a significantly high positive correlation 
was found between changes in the PIQ and the body dissatisfaction subscale of the EDI-2. These findings 
raise the possibility that in patients with severe AN-R, an excessive decrease in body weight induces 
decreased PIQ; as a result, they have worse dissatisfaction with their body shape. 
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Introduction 
Anorexia nervosa (AN) is a psychiatric disorder 

that pursues body weight loss [1,2]. AN restricting 
type (AN-R) is characterized by severe emaciation 
with long-term food restriction, leading to behavior 
that contributes to the maintenance of a low body 
weight [1]. Some studies have reported that the 
age-adjusted and gender-adjusted incidence of AN is 
approximately 4.7 per 100,000 persons (95% Cl: 
3.6-5.8) in the UK [3] and 8.3 per 100,000 persons (95% 
Cl: 7.1-9.4) in the USA [4]. The age-adjusted incidence 
rate of AN showed a significant increasing trend only 
in females in late puberty-early adolescence [4,5]. The 
mortality rate of AN is 5.1 deaths (95% Cl: 3.99-6.14) 
per 1,000 person-years; one in five individuals with 

AN who died had committed suicide [6]. Cognitive 
behavioral therapy (CBT) [7,8], “the third wave” CBT 
[9], and family therapy [10,11] are reported as 
treatment approaches for AN. However, no clear 
primacy of one approach has been identified for AN 
[12]. Treatment for AN is often arduous because its 
pathogenesis is not entirely understood. One 
important problem of AN is partial cognitive deficit. 
We reported in a previous study that patients with 
AN have a low intelligence quotient (IQ) [13]. 
However, some studies have reported that patients 
with AN have an average IQ [14-16]. What accounts 
for the difference in the results between these studies? 
One of the apparent differences is the patient’s body 
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mass index (BMI). We have reported a low IQ among 
AN patients with very low BMI (average 12.8) 
compared to that of patients in other reports (average 
BMI; 15.4-18.3) [13]. These findings indicate that lower 
BMI with AN may decrease the patient’s IQ. 
Therefore, the question of whether decreasing IQ in 
patients with AN with low BMI is the cause or effect is 
thought to be very important. 

The National Adult Reading Test (NART) is a 
word-reading test (50 short words of irregular 
pronunciation) widely used in research and clinical 
practice as an estimate of premorbid intellectual 
ability [17]. It has high construct validity as a measure 
of general intelligence and high levels of interrater 
and test-retest reliability. There are strong correlations 
between the NART and the Wechsler Adult 
Intelligence Scales (WAIS) performance IQ (PIQ) (r = 
.724) [18]. Some studies have reported that patients 
with AN have a normal IQ as measured by the NART 
[19]. However, there are no reports that compare the 
NART and the WAIS in the same patients with AN. 
The purposes of this study were as follows: to 
compare premorbid IQ with present IQ in patients 
with more severe AN-R and to investigate the 
relationship between decreasing IQ and symptoms in 
patients with severe AN-R. 

Materials and methods 
Participants 

The patients were consulted for medical 
treatment at Kagoshima University Hospital. 
Volunteers were recruited by a notice board that was 
placed on Kagoshima University. All participants met 
with researchers, the study plan was explained in 
detail, and all participants signed informed consent 
forms. The inclusion criteria for patients were as 
follows: (1) patients met the Diagnostic and Statistical 
Manual of Mental Disorders Fourth Edition TR 
criteria for AN-R, (2) their body mass index (weight in 
kg/height in m2; BMI) was 15 or less, and (3) an 
examination was feasible. The exclusion criteria for 
patients were as follows: (1) had comorbidities, and 
(2) were less than 18 years old. 

Outcome measurement 

Cognitive function assessments 
The Wechsler Adult Intelligence Scale-Third 

Edition (WAIS-III) and the Japanese Adult Reading 
Test (JART) were used. 

The WAIS-III is a neuropsychological assessment 
of intelligent quotient that provides four indices, each 
based on a different set of subtests (full-scale IQ (FIQ), 
verbal IQ (VIQ), performance IQ (PIQ), verbal 
comprehension (VC), perceptual organization (PO), 

working memory (WM), and processing speed (PS)), 
making it a more comprehensive conception of 
cognitive function [20]. In this study, FIQ, VIQ, PIQ, 
VC, PO, WM, and PS were used. 

The JART is the Japanese version of the National 
Adult Reading Test (NART) [21]. The NART provides 
estimates of premorbid intelligence through the use of 
reading tasks with 50 English words. On the JART, the 
task was changed to Japanese Kanji words. This 
assessment can speculate on the premorbid IQ of 
dementia patients by the number of correct answers 
for 50 Japanese kanji idioms (e.g., “不如帰”, “自惚”). 

Psychological tests 
The Eating Disorders Inventory-2 (EDI-2), Beck 

Depression Scale-2 (BDI-2) and State-Trait Anxiety 
Index (STAI) were used. 

The EDI-2 is a 91-item self-report inventory 
instrument for assessing symptoms and psychosocial 
factors associated with eating disorders and includes 
11 subscales (drive for thinness, bulimia, body 
dissatisfaction, ineffectiveness, perfectionism, 
interpersonal distrust, interceptive awareness, 
maturity fears, asceticism, impulse regulation, social 
insecurity). Items are rated on a 6-point scale, with 
responses ranging from never to always. In 
accordance with EDI-2 scoring procedures, item 
scores were recorded on a 4-point scale (0 to 3) to form 
subscale scores [22]. 

The BDI-2 is a 21-item self-report inventory that 
measures depressive symptoms such as sadness, 
pessimism, suicidal thoughts or wishes, tiredness or 
fatigue, loss of energy, and loss of pleasure, among 
others [23,24]. Each item is scored on a scale from 0 to 
3, with a higher score indicating more serious 
depressive symptoms and total scores ranging from 0 
to 63. 

The STAI is a 40-item self-report instrument that 
is widely used and extensively researched in the 
assessment of state and trait anxiety [25,26]. State 
anxiety is regarded as having a transitory nature and 
is characterized by subjective feelings such as tension, 
apprehension and nervousness. Trait anxiety refers to 
relatively stable individual differences in anxiety 
proneness. Each item is rated on a 4-point Likert scale 
ranging from 1 to 4, with a higher score indicating 
more serious anxiety symptoms and total scores 
ranging from 20 to 80. 

Statistical analysis 
SPSS Statistics 22 was used for statistical 

analysis. Comparisons of averages between groups 
(AN-R and control) were based on Student’s t-test and 
two-way analysis of variance (ANOVA). Associations 
between IQ changes due to weight loss and 
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psychological tests (EDI-2, BDI-2 and STAI) were 
estimated with correlation coefficients in the AN-R 
group. 

Ethical considerations 
This study was approved by the Clinical 

Research Ethics Committee of Kagoshima University 
(registered No. 25-018). Written informed consent was 
obtained from all participants before participation. 

 

Table 1. Clinical characteristics of the participants 

 Control AN-R t p Cl 
Mean SD Mean SD 

Age 32.40 9.65 32.17 14.45 -0.05 0.964 -11.05, 10.58 
Education 
years 

14.00 1.41 12.75 2.22 -1.60 0.126 -2.89, .39 

BMI (kg/m2) 19.82 1.81 12.65 1.47 -10.26* 0.000 -8.62, -5.71 
WAIS-III        
FIQ 103.20 10.26 81.00 13.37 -4.30* 0.000 -32.98, -5.71 
VIQ 101.40 12.74 85.42 14.13 -2.76** 0.012 -28.06, -3.91 
PIQ 103.50 8.55 78.92 10.72 -5.86* 0.000 -33.34, -15.83 
VC 97.70 10.76 89.67 13.18 -1.54 0.138 -18.89, 2.82 
PO 100.00 6.52 76.08 10.36 -6.32* 0.000 -31.81, -16.02 
WM 100.00 14.16 87.58 14.51 -2.02† 0.057 -25.24, .40 
PS 106.10 16.11 92.17 22.17 -1.65 0.114 -31.51, 3.64 
JART        
premorbid 
FIQ 

106.30 3.95 96.58 6.75 -4.20* 0.001 -14.57, -4.86 

premorbid 
VIQ 

108.60 4.65 96.67 7.55 -4.35* 0.000 -17.66, -6.21 

premorbid 
PIQ 

102.10 2.96 96.83 4.82 -3.01* 0.007 -8.92, -1.61 

EDI-2 31.20 26.57 81.42 39.20 3.44* 0.003 19.76, 80.67 
BDI-2 6.00 4.14 20.92 12.07 4.01* 0.001 6.93, 22.90 
STAI-State 42.00 8.56 53.17 12.86 2.34** 0.030 1.23, 21.11 
STAI-Trait 38.30 5.23 52.67 10.82 4.06* 0.001 6.89, 21.84 

Control = 10, AN-R = 12; 
AN-R: anorexia nervosa restricting type; BMI: body mass index; WAIS-III: wechsler 
adult intelligence scale third edition; FIQ: full-scale intelligence quotient; VIQ: 
verbal intelligence quotient; PIQ: performance intelligence quotient; VC: verbal 
comprehension; PO: perceptual organization; WM: working memory; PS: 
processing speed; JART: japanese adult reading test; EDI-2: eating disorders 
inventory-2; BDI-2: beck depression inventory-2; STAI: state trait anxiety inventory. 
Results are expressed as mean ± SD; Cl, 95% confidence interval. 
†p < .10, *p < .05, **p < .01. 

 

Results 
Twenty-two participants were recruited (12 were 

AN-R patients; 10 were healthy controls). The 
participants were women, had a history of disease for 
more than one year, and had received different 
individualized treatment protocols. Table 1 shows the 
characteristics of the participants. The average BMI in 
AN-R patients and healthy controls was 12.65 and 
19.82, respectively. There were significant differences 
in BMI and scores on the WAIS (FIQ, VIQ, PIQ and 
PO), JART (premorbid FIQ, premorbid VIQ and 
premorbid PIQ), EDI-2, BDI-2 and STAI (Table 1). In 
two-way ANOVA, there were significant interactions 
for the FIQ (F (1, 40) = 4.79, p < .05) and PIQ (F (1, 40) 
= 18.04, p < .01). Only in the AN-R group, a significant 
single main effect of time was evidenced for the FIQ 
(F (1, 40) = 16.40, p < .01) and PIQ (F (1, 40) = 34.15, 

p < .01) (Table 2). In the AN-R group, a significantly 
high positive correlation was found between changes 
in the PIQ and the body dissatisfaction subscale of the 
EDI-2 (Table 3). 

 

Table 2. Two-way ANOVA (group×time) results 

  
  

Time F-number 
Pre Post Group Time Interaction 

FIQ Control 106.30 ± 3.95 103.20 ± 10.26 31.26** 10.71** 4.79* 
AN-R 96.58 ± 6.75 81.00 ± 13.37 

VIQ Control 108.60 ± 4.65 101.40 ± 12.74 18.99** 8.29** 0.40 
AN-R 96.67 ± 7.55 85.42 ± 14.13 

PIQ Control 102.10 ± 2.96 103.50 ± 8.55 43.09** 13.19** 18.04** 
AN-R 96.83 ± 4.82 78.92 ± 10.72 

†p < .10, *p < .05, **p < .01. 
AN-R: anorexia nervosa restricting type; FIQ: full-scale intelligence quotient; VIQ: 
verbal intelligence quotient; PIQ: performance intelligence quotient. 

 

Table 3. The correlation between IQ change and psychological 
scale with weight loss 

 FIQ VIQ PIQ 
Age .35 .41 .23 
BMI .13 .06 .26 
EDI-2 .26 .24 .26 
drive for thinness .22 .17 .23 
bulimia .21 .21 .16 
body dissatisfaction .49 .42 .60* 
ineffectiveness .21 .25 .09 
perfectionism .45 .44 .46 
interpersonal distrust .17 .16 .16 
interceptive awareness -.06 -.09 -.06 
maturity fears .08 .07 .10 
asceticism .17 .16 .20 
impulse regulation .14 .14 .13 
social insecurity .01 .03 -.02 
BDI-2 .01 .02 -.04 
STAI-State .20 .18 .19 
STAI-Trait .17 .17 .14 
*p < .05. 
FIQ: full-scale intelligence quotient; VIQ: verbal intelligence quotient; PIQ: 
performance intelligence quotient; BMI: body mass index; EDI-2: eating disorders 
inventory-2; BDI-2: beck depression inventory-2; STAI: state trait anxiety inventory. 

 

Discussion 
This is the first study to compare premorbid IQ 

with present IQ in patients with more severe AN-R 
and conduct multiple investigations of the 
relationship between decreasing IQ and symptoms in 
severe AN-R using psychological tests. Previous 
studies in AN patients (average BMI 15.4-18.3) 
reported normal IQ using the WAIS-R or WAIS-III 
[14-16]. However, in the present study, the full IQ and 
cognitive functioning (particularly PO) scores in 
patients with AN-R indicated almost borderline IQ. 
The difference between the results of the previous 
study and those of the present study was thought to 
be due to the difference in the BMI scores of the study 
participants. Furthermore, a previous study that 
administered the WAIS-III among patients with 
severe AN-R reported results that were similar to 
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those of this study [13]. In addition, previous studies 
have reported that IQ scores (FIQ, PIQ, and PO) 
recover significantly with weight re-gain [13]. It is 
speculated that weight re-gain through CBT and 
nutritional treatment will restore the reduced IQ in 
patients with severe AN. 

In this study, the JART showed significant 
differences when the premorbid FIQ, premorbid VIQ 
and premorbid PIQ in AN-R patients were compared 
with those in healthy controls. However, considering 
that the IQ score is defined as mean = 100 and SD = 15, 
the results of premorbid IQ in AN-R were normal [20]. 
Therefore, these findings indicate that premorbid IQ 
might not be a risk factor for severe AN-R, although 
the number of patients in this study was limited. 
Future studies that include larger samples could 
address this limitation. 

AN-R patients are dissatisfied with their figures 
and lose body weight [27,28]. They decrease their food 
intake and over-exercise, even though they are facing 
a life crisis. In this study, there were no correlations 
between a drive for thinness and decreased IQ. This 
result was similar to that of a previous study [13]. 
However, in the AN-R group, a strong positive 
correlation was found between the decreased PIQ and 
the body dissatisfaction subscale of the EDI-2 (Table 
3). A person with a low PIQ has a slow information 
processing speed [20]. It is difficult for the person to 
develop a greater understanding of larger concepts 
and grasp abstract content. In addition, people with 
low PIQ have low visual-spatial cognitive ability and 
difficulty doing multiple things at the same time. 
These findings raise the possibility that in patients 
with severe AN-R, an excessive decrease in body 
weight induces decreased PIQ; as a result, they have 
worse dissatisfaction with their body shape. 

We have revealed that patients with severe 
AN-R have normal premorbid IQ and decreased 
postmorbid IQ; furthermore, their postmorbid PIQ is 
remarkably low. Therefore, given this decreased IQ, 
including PIQ, we should treat severe AN-R patients. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 

Disorders, fifth edition. Washington DC; American Psychiatric Association: 
2013. 

2. Fairburn CG, Harrison PJ. Eating disorders. Lancet. 2003; 361: 407-16. 
3. Currin L, Schmidt U, Treasure J, et al. Time trends in eating disorder 

incidence. B r J Psychiatry. 2005; 186: 132-5. 
4. Lucas AR, Crowson CS, O’Fallon WM, et al. The ups and downs of anorexia 

nervosa. Int J Eat Disord. 1999; 26: 397-405. 
5. Milos G, Spindler A, Schnyder U, et al. Incidence of Severe Anorexia Nervosa 

in Switzerland: 40 Years of Development. Int J Eat Disord. 2004; 35: 250-8. 

6. Arcelus J, Mitchell AJ, Wales J, et al. Mortality rates in patients with anorexia 
nervosa and other eating disorders. A meta-analysis of 36 studies. Arch Gen 
Psychiatry. 2011; 68: 724-31. 

7. Dalle Grave R, El Ghoch M, Sartirana M, et al. Cognitive Behavioral Therapy 
for Anorexia Nervosa: An Update. Curr Psychiatry Rep. 2016; 18: 1-8. 

8. Murphy R, Straebler S, Cooper Z, et al. Cognitive behavioral therapy for eating 
disorders. Psychiatr Clin North Am. 2010; 33: 611-27. 

9. Starzomska M, Wilkos E, Kucharska K. “The third wave” of cognitive 
behavioral therapy. Psychiatr. 2018; 52: 651-2. 

10. Espie J, Eisler I. Focus on anorexia nervosa: modern psychological treatment 
and guidelines for the adolescent patient. Adolesc Health Med Ther. 2015; 6: 
9-16. 

11. Fisher CA, Skocic S, Rutherford KA, et al. Family therapy approaches for 
anorexia nervosa (Review). Cochrane Database Syst Rev. 2018;10: 1-213. 

12. Watson HJ, Bulik C. Update on the treatment of anorexia nervosa: review of 
clinical trials, practice guidelines and emerging interventions. Psychol Med. 
2013; 43: 2477-500. 

13. Koyama KI, Asakawa A, Nakahara T, et al. Intelligence quotient and cognitive 
functions in severe restricting-type anorexia nervosa before and after weight 
gain. Nutrition. 2012; 28: 1132-6. 

14. Galderisi S, Mucci A, Monteleone P, et al. Neurocognitive functioning in 
subjects with eating disorders: the influence of neuroactive steroids. Biol 
Psychiatry. 2003; 53: 921-7. 

15. Gillberg IC, Gillberg C, Råstam M, et al. The cognitive profile of anorexia 
nervosa: A comparative study including a community-based sample. Compr 
Psychiatry. 1996; 37: 23-30. 

16. Weider S, Indredavik MS, Lydersen S, et al. Intellectual Function in Patients 
with Anorexia Nervosa and Bulimia Nervosa. Eur Eat Disord Rev. 2014; 22: 
15-24. 

17. Crawford JR, Deary IJ, Starr J, et al. The NART as an index of prior intellectual 
functioning: a retrospective validity study covering a 66-year interval. Psychol 
Med. 2001; 31: 451-8. 

18. Schretlen DJ, Buffington ALH, Meyer SM, et al. The use of word-reading to 
estimate “premorbid” ability in cognitive domains other than intelligence. J Int 
Neuropsychol Soc. 2005; 11: 784-7. 

19. Lopez C, Stahl D, Tchanturia K. Estimated intelligence quotient in anorexia 
nervosa: a systematic review and meta-analysis of the literature. Ann Gen 
Psychiatry. 2010; 9: 1-10. 

20. Wechsler D. WAIS‐III administration and scoring manual. San Antonio, TX; 
The Psychological Corporation. 1997. 

21. Matsuoka K, Uno M, Kasai K, et al. Estimation of premorbid IQ in individuals 
with Alzheimer’s disease using Japanese ideographic script (Kanji) compound 
words: Japanese version of National Adult Reading Test. Psychiatry Clin 
Neurosci. 2006; 60: 332–9. 

22. Garner DM. The Eating Disorder Inventory-C professional manual. Florida: 
Psychological Assessment Resources. 1991. 

23. Beck AT, Steer RA. Manual for the Beck Depression Inventory. San Antonio, 
TX: Psychological Corporation. 1996. 

24. Kojima M, Furukawa TA, Takahashi H, et al. Cross-cultural validation of the 
Beck Depression Inventory-II in Japan. Psychiatry Res. 2002; 110: 291–9. 

25. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the State-Trait Anxiety 
Inventory. Palo Alto (CA); Consulting Psychologists Press. 1970. 

26. Nakazato K, Mizuguchi T. How to use STAI. Kyoto; Sankyoubou Corp: 1982. 
27. Lantz EL, Gaspar ME, DiTore R, et al. Schaumberg K. Conceptualizing body 

dissatisfaction in eating disorders within a self-discrepancy framework: a 
review of evidence. Eat Weight Disord. 2018; 23: 275-91. 

28. Dakanalis A, Gaudio S, Serino S, et al. Body-image distortion in anorexia 
nervosa. Nat Rev Dis Prim. 2016; 2: 1-2. 


