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Abstract
Background: The purpose of this study was to quantify cognitive deficits in severe anorexia nervosa (AN) before
and after medical stabilization.
Methods: This was a prospective study of 40 females between the ages of 18 and 50 admitted to a medical
stabilization unit with severe AN (%IBW < 70). The primary outcome of the study was change in test scores on the
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) at baseline and after medical
stabilization.
Results: There were no statistically significant differences in baseline RBANS scores between AN patients overall
and controls (p = 0.0940). There was a statistically significant change in RBANS from baseline 94.1 + 12.7 to medical
stabilization 97.1 + 10.6 (p = 0.0173), although notably both mean values fell within the average range. There were
no significant differences in baseline RBANS scores between controls and AN-BP patients (p = 0.3320) but significant
differences were found between controls and AN-R patients (p = 0.0434).
Conclusions: No baseline deficits in cognition were found in this sample of women with severe AN.
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Plain English summary
This study sought to identify impairments in cognition
in women suffering from severe anorexia nervosa (AN),
binge purge subtypes (AN-BP) and restricting subtype
(AN-R), relative to healthy volunteers. All subjects were
patients on a medical refeeding unit with severe illness.
Cognitive testing occurred upon entry into the program
and at exit. Surprisingly, our study did not find any difference in baseline cognition between patients with AN
as a whole and health volunteers. Patients with AN-R
had significant improvements in cognition, but this is
likely not clinically relevant.
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Background
Anorexia nervosa (AN) is associated with adverse effects
on cognitive functioning in the domains of attention,
processing speed, visual and verbal memory, and visuospatial construction [1–5], as well as high rates of comorbid anxiety, depression, and obsessive compulsive
disorder [1, 6, 7]. Both mental and physical stabilization
are essential for full recovery from AN [8–10]. Several
neuropsychological studies that have reported cognitive
impairment in individuals with anorexia nervosa before
formal treatment subsequently noted improvement in
many facets of cognitive functioning following weight
restoration [2–5]. However, the findings noted above
have been discordant from those of other studies. Two
studies found no change in cognitive functioning with
weight restoration [11, 12]. Another study found
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differences in baseline cognition between patients with
AN and healthy controls, but no improvement in cognition with weight restoration [13]. Additionally, investigators have found that impairments in the cognitive domain
of memory performance persist after weight restoration
[14]. The inconsistencies in findings may be due to different patient populations, study designsvarying assessment
tools, and patients being studied at different stages of
weight recovery. No studies have examined the cognitive
function of a patient population with severe AN defined
as an ideal body weight less than 70% (%IBW < 70) before
and after medical stabilization. The degree to which cognitive function is variably compromised in patients with severe forms of AN remains unknown.
Only two other studies have quantified the difference
in change of cognitive function between patients with
the two distinct subtypes of AN, the restricting subtype
and the binge-purge subtype (R and BP) [3, 14]. These
studies report contrasting results. Since medical treatments, lengths of stay, and course of recovery differ for
the two groups, compromised cognitive functions in the
two populations are likely to differ. No prior studies
have examined differences between AN-R and AN-BP in
highly medically compromised populations of patients
with AN.
The prognosis of AN in adults is poor, with less than
half of patients reaching recovery [15]. Standardized
mortality ratios for patients with AN range from 4.4–14
[8, 16–18], suggesting that current therapies for AN do
not facilitate recovery in the majority of patients. Potentially contributing to poor outcomes, severely ill patients
may not be able to fully participate in current standard
of care psychotherapies because they are largely cognitive based.
Leptin is an adipokine traditionally thought to be involved in energy regulation [19]. Several studies have
found leptin deficiencies in patients with AN and subsequent increases in leptin with refeeding [20–24]. Recently, animal studies have demonstrated that leptin has
a role in synaptogensis and neurogenesis in the hippocampus [25–28]. Furthermore, deficits in learning and
memory in leptin deficient mice have been corrected
with leptin administration [25]. Leptin’s observed role in
neurogenesis and learning raises questions about
whether leptin deficiency is a mediator of cognitive deficits observed in AN.
The primary aims of this study were four-fold:
1) Quantify baseline cognitive deficits in patients with
severe AN in the domains of immediate memory,
delayed memory visuospatial/constructional,
language, and attention. We hypothesized that
patients with severe AN would have deficits in
these domains relative to healthy controls.
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2) Evaluate changes in immediate memory, delayed
memory visuospatial/constructional, language, and
attention from baseline through the end of acute
refeeding and medical stabilization in patients with
severe AN. We hypothesized that after medical
stabilization performance in the cognitive domains
tested in patients with AN would significantly
improve.
3) Evaluate and compare baseline and change in
immediate memory, delayed memory visuospatial/
constructional, language, and attention by AN
subtype (binge-purge (BP) vs. restricting (R) after
medical stabilization. We hypothesized that
cognitive rebound after medical stabilization would
be greater in the BP subtype compared to the R
subtype in the domains tested.
4) Evaluate correlations between changes in immediate
memory, delayed memory, visuospatial/
constructional, language, and attention from
baseline to medical stabilization with changes in
serum leptin levels from baseline to medical
stabilization after controlling for changes in weight.
We hypothesized there would be a positive
correlation between changes in cognitive domains
and changes in serum leptin levels after controlling
for changes in weight.
This is the first study to evaluate change in cognitive
deficits in patients with severe AN, compare differences
in cognitive function between AN subtypes, and evaluate
leptin as a possible mediator of cognitive impairment in
severe malnutrition.

Materials and methods
Patient population

This prospective, single-center, non-randomized design
was conducted between July 2016 and October of 2018.
All patients (n = 510) between the ages of 18 years and
50 years who presented to the ACUTE Center for Eating
Disorders at Denver Health Medical Center were
screened for inclusion. Inclusion criteria were chosen to
minimize confounders of older age on cognitive function
and barriers inherent to conducting cognitive testing in
non-English speaking patients. Exclusion criteria were
chosen to eliminate patients in whom cognitive testing
would not be possible or the results of such testing
would be rendered invalid because of comorbid factors
known to negatively impact cognition.
Inclusion Criteria included English speaking women
between the ages of 18 and 50, a DSM 5 diagnosis of
AN-R or AN-BP, and an IBW < 70%. Exclusion criteria
included inability to give informed consent, inability to
follow study protocol, neurologic disorders including
multiple sclerosis, seizure disorders, dementias or mild
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cognitive impairment, delirium, history of traumatic
brain injury, use of anti-epileptic medications, use of
lithium, documented or self reported history of intellectual disability, active alcohol/substance use disorder, or
alcohol/substance intoxication or withdrawal.
Age and gender matched controls were recruited from
electronic and written advertisements sent to university
and hospital list serves and posted around campus to
match study subjects. Controls were screened for substance use disorders, neurologic disorders, seizure disorders, intellectual disabilities, and use of medications that
might impair performance on cognitive testing via interview with a study team member. Controls were screened
for eating disorders using Module H of the SCID as well
a weight history to rule out those with a history of extreme weights or BMIs.
Study assessments

All patients admitted to ACUTE were given standard of
care treatment. Standard of care on the ACUTE unit includes collecting the following information upon admission and throughout hospitalization:








Demographics
Medical/Medication History
Physical Exam
Standard of Care ACUTE blood work
Body Height
Body Weight
Vital Signs (blood pressure, heart rate, respiratory
rate, temperature)
 Concomitant Medications (monitored routinely as
per care standard)
Diagnosis of anorexia nervosa was made upon admission using DSM 5 diagnostic criteria by a licensed
psychologist who specializes in diagnosis and treatment
of eating disorders as per standard work flow on ACUTE
[29]. Restricting and binge-purge subtypes were diagnosed upon admission based on current self-reported
purging behavior, collateral history from outside sources,
physical exam, and routine laboratory data.
Outcomes

The primary outcome of the study was change in test
scores on the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) at baseline and after
medical stabilization.
Secondary outcomes included:
 Change in Trail Making Test, Part B/D (TMT-B/D)

scores from baseline to medical stabilization
 Wide Range Achievement Test, (W-RAT 4) Word

Reading Subtest at baseline
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 Change in Beck Depression Inventory (BDI) scores

from baseline to medical stabilization
 Change in Beck Anxiety Inventory (BAI) scores

from baseline to medical stabilization
 Change in the Obsessive-Compulsive Inventory -

Revised (OCI-R) scores from baseline to medical
stabilization
 Changes in serum leptin levels and RBANS scores
from baseline to medical stabilization after
controlling for changes in weight.

Standardized measures

Cognitive function:
 The RBANS [30] is a brief cognitive battery

comprised of 12 subtests measuring 5 cognitive
domains: immediate memory, delayed memory
visuospatial/constructional, language, and attention.
Four alternate forms of the RBANS are available,
assessing the same cognitive domains with slightly
different content. Two versions (Forms A and B)
were administered in a counterbalanced fashion to
control for order effects when doing longitudinal
assessments. For half the patients RBANS A was
administered within 3 days of admission to the
ACUTE unit and RBANS B was administered once
medical stabilization was achieved; the other half
were first assessed with RBANS B followed by A.
 TMT-B [31] is a neuropsychological test of visual
attention and task switching. TMT-D is an alternative form of TMT-B that can be used to
minimize practice effect when doing longitudinal
assessments [32].
 WRAT-4 [33] Word Reading Subtest was used to
measure cognitive reserve, which is a predication of
cognitive capacity before injury or illness, to control
for baseline intelligence.
 The BDI [34], BAI [35], and OCI-R [36] were used
to control for comorbid psychiatric symptoms that
can impact cognition.
Medical stabilization: defined based on ACUTE
protocol:
a) The patient is consuming 2000–3000 kcal/day.
b) Laboratory values indicate that end organ failure is
resolved or resolving, and refeeding syndrome is no
longer a concern.
c) The patient has minimal edema and is physically
strong enough to progress to eating disorder
treatment programs.
d) The patient is deemed medically stable for
discharge by the treating physician.
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Sample size

The study required 20 patients in the AN BP group, 20
patients in the AN R group, and 10 controls for a total
of 50 participants to test all study hypotheses and detect
the pre-stated differences in outcomes. All power calculations assumed a type I error rate of 0.05, standard deviation of 9.4 for baseline RBANS test scores, standard
deviation of 15.3 for post medical stabilization RBANS
tests scores and a pooled standard deviation of 11.0 for
the change in RBANS tests scores. A clinically meaningful difference in RBANS between independent groups
was set at 13.1 [3]. A clinically meaningful difference in
change in RBANS was set at 5.3 [5].
Sample sizes for testable hypotheses in the research
aims were calculated such that the hypothesis test
attained 95% power. Depending on the hypothesis, an
independent samples t-tests or paired t-tests was used as
the test statistic. The largest study sample size was taken
as the sample size required to attain 95% power for all
testable hypotheses.
Test administration

Psychometric tests were administered within 3 days of
admission by a licensed psychologist trained in neuropsychological assessments. Repeat psychometrics were
performed by a licensed psychologist trained in neuropsychological assessments upon medical stabilization.
All psychological testing was administered the same day
as RBANS before and after medical stabilization. Alternate forms of the RBANS and TMT were administered
in a counterbalanced manner at baseline and following
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medical stabilization to minimize any concern for administration order effects.
Quantitative serum leptin levels were obtained via
chemiluminescent immunoassay performed by ARUP
Laboratories. Leptin levels were obtained upon study
entry and medical stabilization. Leptin levels were obtained the same day as psychometric tests were administered. Table 1 outlines the timeline of study specific
events. Controls completed baseline psychometric testing and repeat psychometric testing within the same
time frame as study patients. Controls did not undergo
repeat leptin levels.

Statistical analysis

Patients were categorized by DSM 5 diagnosis of anorexia nervosa (AN) subtype, either binge-purge (ANBP) or restricting (AN-R). Continuous variables were described using means and standard deviations (SD) or
medians and interquartile ranges (IQR) based on tests of
normality. Categorical variables were described using
counts and frequencies.
Baseline data, specifically height, weight, BMI, and percent ideal body weight, were compared between cases
and controls as well as between case subtypes using a
Student’s t-test. W-RAT 4 for AN patients were compared to control participants using a Student’s t-test.
A paired t-test was used to test changes in the TMTB/D score and Wilcoxon signed rank sum tests were
used to evaluate changes in BDI-II total scores, BAI total
scores, and OCI-R scores for checking, hoarding,

Table 1 Study Timeline (Testing occurs within 3 days of admission)
Baseline

Medical Stabilization

Standard of Care Covariate information
• Demographics
• Medical/Medication History
• Psychiatric History
• Physical Exam
• Body Height
• Body Weight
• BMI
• Vital Signs
• Complete metabolic panel and blood counts
• Serum Prealbumin
• Informed Consent

Standard of Care Covariate information
• Medical/Medication History
• Physical Exam
• Body Height
• Body Weight
• BMI
• Vital Signs
• Complete metabolic panel and blood counts

Psychometric tests:
• Wide Range Achievement Test 4, Word Reading Subtest
• Repeatable Battery for the Assessment of Neuropsychological
Status A or B
• Beck Depression Inventory
• Beck Anxiety Inventory
• Obsessive Compulsive Inventory-Revised
• Trail Making Test, Part B or D

Psychometric tests:
• Repeatable Battery for the Assessment of Neuropsychological
Status A or B
• Beck Depression Inventory
• Beck Anxiety Inventory
• Obsessive Compulsive Inventory-Revised
• Trail Making Test, Part B or D

Additional biomarker tests:
• Serum Leptin

Additional biomarker tests:
• Serum Leptin

AN-R = 20, AN-BP = 20, Controls = 10

AN-R = 20, AN-BP = 20,
Controls = 10 (Psychometric tests only)
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neutralizing, obsessing, ordering, and washing from
baseline to medical stabilization.
Linear regression modeling was used to assess the correlation between change in RBANS score and change in
leptin values from baseline to after medical stabilization
for AN patients, after controlling for changes in weight.
Pearson Correlation Coefficients were used to assess
correlations between improvements in RBANS score
and improvements in the BDI-II total score, BAI total
score, and OCI-R scores for checking, hoarding, neutralizing, obsessing, ordering, and washing for AN patients
and for AN-BP and AN-R patients separately.
P values of < 0.05 were considered statistically significant, and all analyses were done using SAS Enterprise
Guide software version 7.1 (SAS Institute, Cary, NC).

Results
During the study period 510 patients were screened for
eligibility. Fifty-seven patients met eligibility criteria and
39 patients completed the protocol. Four patients declined to participate in the study (one AN-BP patient
and three AN-R patients), five patients were screen failures (four AN-BP patients and one AN-R patient), and
nine patients withdrew from the study (five AN-BP patients and four AN-R patients). The average age of patients who did not participate in the study was 29 + 9
years of age.
Demographic characteristics of cases and controls are
listed in Table 2, and anthropometric measurements are
displayed in Table 3. There were no statistically significant differences in baseline weight, BMI or percent ideal
body weight between AN-BP patients and AN-R patients. Baseline weights, BMI and percent ideal body
weight differed significantly between AN-R and AN-BP
patients and controls (p < 0.0001).
Aim 1: quantify baseline cognitive deficits in patients
with severe AN

Results from neuropsychiatric assessments are presented
in Table 4. W-RAT 4 scores at baseline for AN patients
were compared to control participants using a Student’s
t-test. No statistically significant differences were found
(62.3 + 4.4 vs. 64.0 + 4.0, p = 0.2708) suggesting no differences in premorbid intelligence. There were no
Table 2 Demographic Characteristics of Patients and Controls
Patients

Controls

N = 39

AN-BP
N = 19

Age, Mean + SD

33 + 12

35 + 15

31 + 10

35 + 9

Caucasian, N (%)

39 (100)

19 (100)

20 (100)

9 (90)

Hispanic, N (%)

0 (0)

0 (0)

0 (0)

3 (30)

15 + 9

21 + 10

n/a

Days Treatment + SD

AN-R
N = 20

N = 10

statistically significant difference in baseline RBANS
scores between AN patients overall and controls (p =
0.0940) or in baseline TMT B/D scores between controls
and AN patients overall (p = 0.125).
Aim 2: evaluate changes in cognitive functions from
baseline through the end of acute refeeding and medical
stabilization in patients with severe AN

For AN patients overall, there was a statistically significant change in RBANS from baseline (94.1 + 12.6) to
medical stabilization (97.1 + 10.6) (p = 0.0173), although
notably both mean values fell within the average range.
When RBANS subscores were analyzed, only coding,
story memory, and story recall showed statistically significant increases from baseline in AN patients as a
whole (p < 0.004) (Table 5). No statistically significant
change was found for control patients from baseline to
post testing (p = 0.1955). No statistically significant
change was found in TMT B/D scores from baseline
through medical stabilization for AN patients as a
whole.
Statistically significant decreases in BDI and BAI
scores were found for all AN patients (p < .0001). No
statistically significant correlations were found between
increases in RBANS score and changes in BDI or BAI
scores for AN patients overall. Overall, AN patients
showed significant decreases from baseline to medical
stabilization in the OCI-R domains of checking (p <
0.05), obsessing (p < 0.05), hoarding (p < 0.02), neutralizing (p < 0.02), and washing (p < 0.02). No correlations
between changes in RBANS score and OCI-R domains
were found for AN patients overall. Controls did not
show significant changes in OCI-R domains.
Aim 3: evaluate and compare baseline and change in
cognitive functions by AN subtype (binge-purge (BP) vs.
restricting (R) after medical stabilization

There were no significant differences in baseline RBANS
scores between controls (101.6 + 11.7) and AN-BP patients (97.2 + 11.4) (p = 0.3320) but significant differences were found between controls (101.6 + 11.7) and
AN-R patients (91.1 + 13.3) (p = 0.0434). There were no
significant differences between baseline TMT B/D scores
in control versus AN-BP (p = 0.3881) or AN-R patients
(p = 0.0628). In subgroup analysis, statistically significant
changes in RBANS score from baseline to medical
stabilization were found for AN-R patients (p = 0.0091)
but not AN-BP patients (p = 0.4862). In addition, statistically significant changes in TMT B/D scores from
baseline to medical stabilization were found for AN-R
patients but not AN-BP patients (p = 0.0094 and p =
0.0995, respectively).
Statistically significant improvements in BDI and BAI
scores were found for both AN-BP and AN-R patients
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Table 3 Anthropometric Measurements of Patients and Controls
Patients

Controls

N = 39
Pre

AN-BP
N = 19
Post

Height, Mean + SD

64.7 + 2.7

Weight (kgs), Mean + SD

34.4 + 4.8

BMI, Mean + SD

12.7 + 1.1

% Ideal Body Weight

61 + 5*

Pre

Post

Pre

64.2 + 2.6
41.0 + 4.9

N = 10

AN-R
N = 20
Post

65.0 + 2.7
34.1 + 4.8

Pre
64.2 + 2.7

34.7 + 5.0

41.3 + 5.4

40.7 + 4.5

63.8 + 9.0

14.6 + 1.2

12.9 + 1.2

14.8 + 1.2

12.5 + 1.1

14.4 + 1.3

24.0 + 3.6*

73 + 4*

62 + 5*

75 + 5*

60 + 5*

72 + 3*

117 + 20

*P < 0.0001difference relative to controls

(p < 0.001). No statistically significant correlations were
found between improvements in RBANS score and
changes in BDI or BAI scores for AN-BP or AN-R patients. For OCI-R domains, subgroup analysis showed
significant changes in AN-R patients in the domains of

checking (p < 0.05), obsessing (p < 0.05), hoarding (p <
0.001, and neutralizing (p < 0.0035). AN-BP patients
showed significant reductions in checking (p < 0.05) and
obsessing (p < 0.05). Across domains of the OCI-R
(checking, hoarding, neutralizing, obsessing, ordering,

Table 4 Neuropsychiatric Assessments
Patients

Controls

N = 39
Baseline
Wide Range Achievement Test
(W-RAT 4) Word Reading Subtest,
Mean + SD

AN-BP
N = 19
Post

62.3 + 4.4

Baseline

N = 10

AN-R
N = 20
Post

62.4 + 4.5

Baseline

Post

62.3 + 4.5

Baseline

Post

64.0 + 4.0

94.1 + 12.6 97.1 + 10.6* 97.2 + 11.4 98.4 + 11.4 91.1 + 13.3** 95.8 + 10.0*
Repeatable Battery for the
Assessment of Neuropsychological
Status (RBANS) Total Score,
Mean + SD

101.6 + 11.7 105.3 + 8.8

Beck Depression Inventory
(BDI-II) Total Score, Median (IQR)

35 (30, 42)

20 (13, 28)*

33 (30, 39)

20 (15, 29)* 38 (29.5, 45)

19.5 (10, 26)*

3.5 (1, 5)

Beck Anxiety Inventory (BAI)
Total Score, Median (IQR)

25 (17, 33)

19 (12, 24)*

23 (14, 31)

19 (10, 21)* 29 (18.5, 40)

17.5 (14, 26.5)* 3 (1, 4)

1.5 (0, 4)

Trail Making Test, Part B
Score, Mean + SD

34.7 + 10.5 39.5 + 10.5

37.4 + 8.6

40.8 + 10.1 32.2 + 11.7

38.2 + 10.9*

40.4 + 9.2

44.2 + 6.1

0 (0, 0)

0 (0, 0)

1 (0, 3)

Obsessive Compulsive Inventory – Revised (OCI-R), Median (IQR)
Checking

3 (2, 4)

2 (0, 3)*

3 (2, 6)

1 (0, 4) *

2 (1.5, 4)

2 (0.5, 2.5) *

Hoarding

4 (1, 6)

2 (0, 4)*

3 (0, 6)

2 (0, 6)

5 (1, 6)

2 (0, 2.5)*

1.5 (0, 3)

1 (0, 3)

Neutralizing

3 (1, 7)

1 (0, 6)*

1 (0, 6)

1 (0, 6)

5 (2, 7.5)

1.5 (0.5, 3.5)*

0 (0, 0)

0 (0, 0)

Obsessing

7 (3, 10)

3 (2, 7)*

6 (2, 10)

4 (1, 7)*

7 (3, 9.5)

3 (2, 7.5)*

1 (0, 3)

0 (0, 2)

Ordering

7 (5, 11)

6 (4, 9)

8 (5, 11)

7 (3, 9)

7 (4, 11)

6 (4, 11)

1.5 (0, 3)

2.5 (0, 3)

Washing

2 (0, 7)

1 (0, 4)*

2 (0, 7)

1 (0, 6)

1.5 (1, 7)

1.5 (0, 3.5)

0 (0, 0)

0 (0, 0)

Leptin Level (ng/mL), N (%)
< 0.4

31 (79)

19 (49)

16 (84)

10 (53)

15 (75)

9 (45)

0.4–1.0

7 (18)

10 (26)

3 (16)

6 (32)

4 (20)

7 (35)

> 1.0

1 (3)

7 (18)

0 (0)

2 (11)

1 (5)

2 (10)

< 6.0

4 (40)

6.0–10.0

2 (20)

> 11.0

3 (30)

Increase in Leptin Level, N (%)
*P < 0.05 change from baseline
**P < 0.05 relative to baseline of controls

14 (36)

6 (32)

8 (40)
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Table 5 RBANS Subscores
Cases

Controls

N = 39
Pre

AN-BP
N = 19
Post

Pre

AN-R
N = 20
Post

Controls
N = 10

Pre

Post

Pre

Post

30 + 5

30 + 4

31 + 3

31 + 3

Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), Mean + SD
List Learning Total Score

30 + 5

31 + 3

31 + 5

32 + 3

Story Memory Total Score

15 + 4

18 + 3*

16 + 4

19 + 3*

15 + 4

17 + 3

19 + 3

19.5 + 2

Figure Cope Total Score

19 + 2

19 + 1

19 + 1

19 + 1

19 + 2

19 + 2

19 + 1

19 + 1

Line Orientation Total Score

17 + 3

18 + 2

17 + 3

17 + 2

17 + 3

18 + 2

18 + 2

17.5 + 2

Picture Naming Total Score

10 + 1

10 + 1

9+1

10 + 1

10 + 1

10 + 1

10 + 0

10 + 1

Semantic Fluency Total Score

24 + 5

24 + 6

25 + 5

23 + 6

23 + 5

25 + 5

23 + 4

23 + 2

Digit Span Total Score

10 + 2

10 + 2

10 + 2

10 + 2

10 + 2

10 + 2

11 + 2

12 + 2

Coding Total Score

50 + 10

54 + 10*

51 + 8

55 + 9

49 + 13

54 + 11

55 + 10

61 + 9

List Recall Total Score

7+2

7+2

7+2

7+1

8+2

7+2

8+2

8+3

List Recognition Total Score

20 + 1

19 + 1

19 + 1

19 + 1

20 + 1

19 + 1

20 + 1

19.5 + 1

Story Recall Total Score

9+2

10 + 2*

10 + 2

10 + 2

8+2

10 + 2*

10 + 1

11 + 1

Figure Recall Total Score

15 + 4

16 + 3

16 + 2

17 + 2

15 + 4

15 + 3

15.5 + 4

17 + 2

*P < 0.004, adjusted for multiple comparisons

and washing), we found a statistically significant correlation between improvements in RBANS and improvement in the washing domain (p = 0.0432) for AN-R
patients only. No other correlations between changes in
RBANS score and all other OCI-R domains were found
in subgroup analysis.
Aim 4: evaluate the correlation between changes in
cognition from baseline to medical stabilization with
changes in serum leptin levels from baseline to medical
stabilization after controlling for changes in weight

Comparing AN patients and controls, there was no statistically significant difference in change in leptin from
baseline to medical stabilization (p = 0.1573). Subgroup
analysis showed similar findings. There was no difference in the proportion of AN-BP patients relative to
control with change in leptin levels (p = 0.1266) or between controls and AN-R patients (p = 0.4197). After
controlling for changes in weight, increases in RBANS
score from baseline to after medical stabilization were
not significantly associated with increases in leptin from
baseline to medical stabilization for AN patients overall
(p = 0.9661) or for either AN-BP patients (p = 0.9437) or
AN-R (p = 0.9608) patients.

Discussion
General

This is the first study to examine cognitive deficits in patients with severe AN before and after medical
stabilization. Our population is unique in the severity of
malnutrition as evident in their admission %IBW as well
as their stage of treatment at the time of enrollment. No

prior studies have examined patients during acute
refeeding on a medical inpatient setting.
Our study has several noteworthy findings. We found
significantly lower admission cognitive scores in patients
with severe AN-R relative to healthy controls and statistically significant increases in cognition after refeeding.
The clinical significance of these differences is questionable. Normative data indicates RBANS Index scores of
90–109 are within the average range [37]. Both subgroups of patients and controls fell into this range at
baseline and post testing. Although we hypothesized that
cognitive deficits would interfere with the ability of patients in acute stages of illness to participate in cognitive
based therapies, our data provides only limited support
at best for this possibility. Analysis of subscores also did
not show significant baseline deficits between patients
and controls.
We found no differences in cognition between patients
with AN-BP and healthy controls as measured by
RBANS and TMT. Several previous studies demonstrating cognitive impairment in patients with AN have not
investigated potential differences in diagnostic subtypes
[2, 4, 11]. The lack of observed difference in baseline
cognition between AN-BP and healthy controls was surprising given the significant differences in body weight.
As we discuss below, body weight is likely not a
complete proxy for nutritional status.
Though cognitive scores improved in our total patient
cohort, subgroup analysis revealed that these improvements were only observed in patients with AN-R. The
lack of significant improvement in AN-BP patients was
not unexpected given the absence of significant baseline
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impairments. The improvements in AN-R patients
remained significant after controlling for changes in
BAI, BDI, and OCI-R scores suggesting improvement in
comorbid psychiatric symptoms did not account for improvements in cognition. The noted improvement in
AN-R patients cannot be attributed to poorer nutritional
status at baseline as measured by body weight as we
found no significant difference between patients with
AN-R and AN-BP in admission BMI or %IBW.
These findings suggest that weight is not a complete
proxy for malnutrition, and other factors beyond simple
weight or broader nutritional status likely impact cognition. Other potentially important physiological differences may exist between these two subgroups.
Restrictors tend to have long and enduring periods of
starvation whereas those with binge-purge patterns often
weather peaks and valleys of nutritional intake; they
might not be subjected to the chronicity and intensity of
deprivation experienced by AN-R patients. Regular caloric consumption that occurs during acute refeeding
might constitute larger deviations from baseline for patients with AN-R compared to AN-BP, and might
thereby facilitate more rapid improvement in cognitive
status.
Though several prior studies have examined cognitive
deficits in AN, many used adolescent populations, cross
sectional designs, or different assessment methods [2, 4,
11–14, 38]. Three previous studies examined cognitive
impairment in adults with AN using RBANS [3, 5, 39].
However, Keifer et al. [3] and [5] used the same patient
cohort. Since Keifer et al. [3] broke the cohort into AN
subtypes we will further examine their results in reference to ours in addition to evaluating those of Mikos
et al. (2008) [39].
Keifer et al. found improvements in RBANS scores
after treatment only in patients with AN-BP, which our
opposite to our findings. However, our studies differ in
several ways. Our patients were tested at significantly
lower BMIs (BMI at baseline 12.7 + 1.1 and stabilization
14.6 + 1.2 compared to baseline 16.58 + 2.49 and post
treatment 19.28 + 1.49 in [3]). Unexpectedly, both our
AN-R and AN-BP patients had higher baseline RBANS
scores than those of Keifer et al. [3]. Since the opposite
would be expected given poorer nutritional status observed in our population as measured by BMI and
%IBW it is difficult to account for the differences observed between our study and that of Keifer et al. [3].
Mikos et al. (2008) [39] did not show significant improvements in RBANS scores from admission to discharge though they did not break their population into
subtypes and their admission BMI was much higher than
our’s at 17.09. They did find significant differences in admission RBANS scores and scores at 2 year follow up.
We have not followed our cohort long enough to
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determine if we would see similar findings. Despite
lower BMI, our AN-BP patients had higher RBANS
scores than the cohort of Mikos et al. (2008) [39] though
our AN-R patient’s showed similar scores. These results
again come as suprising given differences in BMI in our
respective populations.
We found no relationship between changes in cognition and serum leptin levels, suggesting the adipokine
does not mediate the measured cognitive domains
assessed in this study. However, our study was not designed or powered to specifically detect this outcome
and our conclusions in this regard are therefore limited.
Limitations

Our study has several limitations. First, to measure
cognition we used RBANS rather than more comprehensive and perhaps more sensitive assessments.
However, our patient population would have had difficulty tolerating lengthier and comprehensive testing
batteries given significant weakness and fatigue observed for BMIs averaging 12.7. The time between
initial testing and repeat testing for our patients was
generally between 1 and 3 weeks, significantly shorter
than testing intervals in previous studies which have
ranged from 1 to 12 months ([2–4, 11]). However, we
were interested in the impact of acute refeeding, a
shorter process than residential or outpatient treatment. The study most consistent with ours regarding
timeframe is that of Keifer et al. [3], although our results differed as discussed above. Our final study
population included only 39 patients as opposed to
the original power calculation requiring 40 patients.
However, inclusion of one additional patient is unlikely to have majorly altered our findings.
Strengths of our study include our unique patient
population with regard to low weights and medical acuities. We also employed a control group which was not
used by Keifer et al. [3]. Our analyses looked at differences in diagnostic subgroups and controlled for comorbid symptoms of anxiety and depression which previous
studies have neglected ([2–4, 11]).

Conclusion
In summary, our study showed no clinically meaningful
decrements in cognitive functioning in a large cohort of
significantly malnourished patients with anorexia nervosa. We found statistically significant increases in cognitive test scores amongst patients with AN-R relative to
healthy controls after acute refeeding that were independent of improvements in comorbid psychiatric symptoms and unrelated to changes in serum leptin levels.
These findings argue against theoretical concerns regarding cognitive function in severely ill patients.
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