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Abstract

Objective: It is not yet clear what role previous history of anorexia nervosa
(AN) plays in the clinical course of bulimia nervosa (BN). We aimed to investi-
gate, using a comprehensive assessment, involving clinical characteristics,
daily functioning, cognitive functions, and nutritional and physical markers in
BN patients with a history of AN, and compare them with BN patients without
a history of AN.

Methods: Eighty-five patients with a current episode of BN (35 with a lifetime
history of AN) were analysed. Diagnoses were established according to the
DSM-5 criteria. Patients completed neuropsychological tests and filled out vali-
dated psychiatric questionnaires. Sociodemographic data and nutritional and
somatic illness markers were collected and investigated.

Results: BN patients with a history of previous lifetime AN had worse
decision-making ability, worse general and specific functioning, decreased
bone density, more antecedent of lifetime suicide attempts, more dietary
restraint, and more frequent use of laxatives. The multivariate model shows
that the history of AN is closely associated with worse decision-making ability,
worse general function, and higher likelihood of lifetime suicide attempts.
Discussion: Prior history of AN is an important clinical question that should
receive proper attention when treating BN patients, as this subgroup of
patients may have specific care needs.
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1 | INTRODUCTION

Bulimia nervosa (BN) is a common eating disorder that
has a lifetime incidence rate of 1-3% in the general popu-
lation (Smink, van Hoeken, & Hoek, 2013; Stice, Marti, &
Rohde, 2013). BN, however, is not a homogenous disor-
der. It has been suggested that BN can be classified
according to the history of AN (Mitchell, Pyle, Eckert,
Hatsukami, & Soll, 1990). Previous studies demonstrated
that as much as 50% of patients with AN develop bulimic
symptoms at some point in their lives, and some of them
get the clinical diagnosis of BN (Bulik, Sullivan, Fear, &
Pickering, 1997; Eddy et al., 2002; Schaumberg et al.,
2019). Moreover, detection of AN patients that are more
likely to develop BN could be clinically relevant, as those
patients may need particular care (White, 2000).

Efforts to investigate clinical differences between BN
patients with and without AN history have shown that
patients with a history of AN more often had of all forms
of childhood neglect and abuse (Bardone-Cone et al.,
2008), lifetime anxiety disorder history (Sullivan, Bulik,
Carter, Gendall, & Joyce, 1996), and were treated for
depression and hospitalised (Mitchell et al., 1990). Higher
levels of dietary restraint, laxative use, and purging have
also been reported in these patients (Bardone-Cone et al.,
2008; Mitchell et al., 1990), as well as a lower minimal
lifetime (Monteleone, Di Genio, Monteleone, Di Filippo,
& Maj, 2011; White, 2000) and current body mass index
(BMI; Bardone-Cone et al., 2008; Sullivan et al., 1996).

Beyond clinical features, one study has investigated
neuropsychological functioning in BN patients with a
history of AN. The authors concluded that these patients
had significantly poorer performance on set-shifting.
Meanwhile, decision-making, measured with the Iowa
Gambling Task, was significantly worse in all BN patients
compared with healthy volunteers; the secondary analy-
sis suggested that only BN patients with a history of AN
had significantly worse performance than healthy volun-
teers. (Degortes, Tenconi, Santonastaso, & Favaro, 2016).
Finally, one study found lower percentages of body fat
and muscle mass, and a higher percentage of extracellu-
lar water in patients with former AN (Eddy et al., 2007).

Despite previous efforts to better understand this dis-
order, the clinical picture of this type of patients remains
fragmented—few of the studies investigated beyond clini-
cal characteristics. Almost no studies investigated the
nutritional state or somatic features known to be critical
on other types of eating disorders such as bone status.
Finally, despite the critical relevance of functioning in
the burden and prognosis of psychiatric disorders, no
studies tried to look at whether these patients have more
problems with functioning in their daily lives.

Highlights

« Prior history of AN in current BN patient pre-
dicts worse decision-making abilities.

« Patients with a history of AN had significantly
more suicidal attempts in their anamnesis.
Therefore, assessment of their current suicide
risk should be performed more rigorously.

» Prior history of AN predicts lower general and
specific functioning in BN. Therefore, patients
may need special care in their communities.

Therefore, the objective of the current study was to do
a comprehensive analysis of all these factors coherently,
based on DSM-5 criteria, as no previous studies used it.
Beyond the clinical characteristics of the disease, we
aimed to assess neuropsychological functions (attention,
decision-making, executive functioning, and visuospatial
abilities) and nutritional (metabolic, somatic, and specifi-
cally bone status) parameters of BN patients with a his-
tory of AN (BN/AN+) compared with BN patients
without a history of AN (BN/AN-). Finally, particular
emphasis was given to general and specific functioning of
these patients because of its possible meaningfulness in
terms of predicted life quality of the patient.

2 | METHODS

2.1 | Participants

From 2012 to 2014, 85 patients with BN were consecu-
tively recruited, of whom 35 (41%) had a lifetime history
of AN, in a second-line unit specialising in eating disor-
ders (CHU Montpellier, France). The study was con-
ducted according to the Declaration of Helsinki. This
ancillary study to a larger project was approved by the
local ethics committee (CPP Sud Méditerranée IV), and
signed informed consent was obtained from all partici-
pants or parents, if the participant was less than 18 years
old. Five criteria for inclusion were used: (i) age between
15 and 45 years old, (ii) female gender, (iii) native or flu-
ent in the French language, (iv) diagnosis of BN
according to the DSM-5 criteria, and (v) ability to provide
informed consent. Exclusion criteria were (i) inability to
understand clinical evaluation and the rules of neuropsy-
chological tests, (ii) getting disability benefits from the
government, (iii) pregnancy or lactation, and (iv) depriva-
tion of liberty by judicial or administrative decision.



2.2 | Clinical assessment

The diagnosis of eating disorders was based on the
DSM-5 criteria. Patients were assessed by both a senior
psychiatrist and a senior nutritionist experienced in
assessment and management of eating disorders, using
a nonstructured clinical assessment as well as a struc-
tured evaluation with the Mini-International Neuropsy-
chiatric Interview (Version 5.0.0, Lecrubier et al.,
1997). Patients also completed the Eating Disorders
Examination Questionnaire (EDE-Q; Luce & Crowther,
1999). In addition, information from medical records
and from relatives were collected when available. All
diagnosis (current and lifetime) was then established
by the consensus of the investigators using the best-
estimated procedure using information from all these
assessments. In addition, patients filled out the Func-
tioning Assessment Short Test (FAST; Moser et al.,
2013; Rosa et al., 2007) questionnaire. The EDE-Q is a
33-item screening tool to evaluate eating disorder
symptoms. It measures disordered eating over 28 days
and is scored across four subscales that explore the
four core clinical dimensions of ED: eating concern,
body shape concern, weight concern, and restraint, and
total score is calculated by adding all subscales
together, and dividing by 4. Cronbach alpha for EDE-
Q 4 subscales and total score in this study was .888.
FAST is an interview-administered instrument designed
to evaluate functioning across multiple domains in
patients with psychiatric disorders. It comprises 24
items divided among six areas of functioning: auton-
omy, occupational functioning, cognitive functioning,
financial issues, interpersonal relationships, and leisure
time. Total score is calculated by adding all the sub-
scores together. Cronbach alpha for 6 FAST items and
the total score in this study was.781. The higher the
overall score, the more severe the difficulties are. In
this study, 83 adult patients completed the FAST ques-
tionnaire. Therefore, we included all of them in the
analyses.

2.3 | Neuropsychological assessment

To assess the cognitive functions of the patients, we
used four different tests. d2 test of attention was used
to measure sustained attention and concentration. It is
a validated, widely used instrument. During it, partici-
pants receive a so-called cancellation test, which is
composed of 14 lines, each with 47 characters “p” and
“d”. The characters have one to four dashes that are
positioned individually or in pairs above and/or below
each letter. The target symbol is a d with two dashes

(above or below or both). Thus, a p with one or two
dashes and a d with one, three, or four dashes are dis-
tracters. A patient has to cross out as many target
characters as possible by moving from left to right.
(Bates & Lemay, 2004; Brickenkamp & Zillmer, 1998).
There are many indexes allowing interpretation of this
test. The three most used are: d2 score 1 (or GZ) is
the number of characters handled, d2 score 2 (or F) is
the number of mistakes (omission or confusion), and
the d2 ratio that is calculated with the formula:
GZ/F*100 and reflect a global score of this test. The
lower the score, the better the attention and concentra-
tion of the participants are. In our final analysis, we
used the the d2 ratio.

To measure decision-making, we used the Iowa gam-
bling task (IGT). It is one of the most used tests of this
kind. In this game, the participant receives $2,000 of
game money. Then, during the 100 trials, by taking one
of four cards from the deck, the participant has to
increase this sum as much as possible. Decks A and B are
more profitable in the short term, but less valuable in the
long run. Vice versa applies for decks C and D—they are
more advantageous and safe as the game runs on. After
the task, the more money the participant has, the better
the result (Bechara, Damasio, Damasio, & Anderson,
1994). We measured the IGT performance by calculating
a global net score (the total number of advantageous
selections minus disadvantageous selections). Lower
scores represent poor performance, and negative scores
indicate a relative preference for the disadvantageous
decks.

To evaluate the executive function and mental flexi-
bility, we used “The Brixton spatial anticipation test.” It
measures the capability to detect changing patterns. A
psychologist shows to the participant a series of pages in
which there is one filled in a circle and empty circles. In
this task, the patient has to predict the position of the
filled in circle. The challenge is that the position of filled
in circle changes. Then, the total number of errors that
were made is converted to a score. The higher the score,
the better the mental flexibility and executive functions
(Burgess & Shallice, 1997).

Last, we performed the Rey Osterrieth complex figure
test (ROCFT). It assesses visual memory and visuospatial
constructional ability. The participant is given the ROCF
stimulus card. Then, the study subjects have to reproduce
this figure instantly and one more time after 30 min. The
score is calculated with a scale from 1 to 4, where 1 is the
best score. The scoring system includes accuracy, organi-
sation, location, and reproduction time (Shin, Park, Park,
Seol, & Kwon, 2006). Because few patients scored 4 on
this test, patients who score 3 and 4 were grouped
together.



2.4 | Resting energy expenditure, areal
bone mineral density, and blood assays

Resting energy expenditure was measured over a period
of at least 30 min by indirect calorimetry (Quark RMR,
Cosmed, Rome, Italy) after an overnight fast. Areal bone
mineral density (aBMD; grammes per square centimetre)
was determined by Dual-energy X-ray absorptiometry
(Hologic QDR-4500A, Hologic, Inc., Waltham, MA) at
specific bone sites: the anteroposterior lumbar spine (L1-
L4) and hip. All analyses and scanning were executed by
the same operator to ensure consistency after following
standard quality control procedures. Quality control for
Dual-energy X-ray absorptiometry was checked daily by
scanning a lumbar spine phantom consisting of calcium
hydroxyapatite embedded in a cube of a thermoplastic
resin (DPA/QDR-1; Hologic x-calibre anthropometric
spine phantom). The CVs given by the manufacturer
were 0.8% for the spine and 1.1% at the hip. Blood sam-
ples (25 ml) were routinely collected in the morning
(8:30-9:30 a.m.) in sterile cool tubes by a standard proce-
dure and analysed in the laboratory using usual assay
techniques. Bioimpedance was performed on a Bodystat
Quadscan 4000 (BQ4000; Bodystat Ltd., Douglas, UK) to
measure fat mass. Measurements were taken in the
supine position using two electrodes applied to the right
hand and right leg.

2.5 | Statistical analysis

Categorical variables are presented as percentages, and
quantitative variables—as means with standard deviation
(SD). Demographic, clinical characteristic, neuropsycho-
logical performance, and somatic measurement data
between BN patients with AN lifetime history and BN
patients without AN lifetime history were analysed using
logistic regression models.

Variables with p-value < .05 in the univariate analysis
were included in a logistic regression analysis. Six inde-
pendent predictors were chosen: EDE-Q, restriction
scores, spine BMD, IGT total scores, FAST total scores,
laxatives use, and lifetime suicidal attempts. As one of
the limitations of logistic regression analysis is that it can
deal with only a limited number of factors when there is
a small number of observations (10 or more observations
per variable.), two logistic regressions models were per-
formed. One included the four variables of the clinical
data and IGT net score, and another included the four
variables of the clinical data and BMD. It should be noted
that in the multivariate analysis, we did not include sev-
eral variables into the model that had a p-value less
than.05. First of them was the lowest lifetime BMIL.

Because this variable is consubstantial to the history of
AN itself, we decided not to include it, because they are
interrelated (R = .373, p < .001). Second, only one vari-
able for from FAST was selected for the same reason
(autonomy score and total score R = .767, p < .001; inter-
personal relationships and total score R = .892, p <
.001)—the total score of the FAST questionnaire.
Another was the spine and hip osteodensitometry score.
All the variables of the data on bones are highly interre-
lated as well (osteodensitometry score of the hip and
spine R = .741, p < .001) and could not be included in
the same multivariate model. Therefore, we included
only one of them, which is the most important
clinically—the spine osteodensitometry score. (Schorr
et al., 2017) The significance level was set at p < .050.
Analyses were performed using the SPSS statistical soft-
ware (version 23.0.0.2; IBM SPSS Statistics for Windows.
Armonk, NY: IBM Corp).

3 | RESULTS
Clinical characteristics of BN patients with a lifetime his-
tory of AN (BN/AN+) and without a history of AN
(BN/AN-) are presented in Table 1. BN/AN+ patients
had significantly lower lifetime BMI than BN/AN- (p-
value < .002), whereas actual BMI did not differ between
the two groups (p-value = .873). Neither age (p-value =
.154), nor duration of eating disorders (p-value = .235)
were different. The global score of the EDE-Q was not
significantly different between the groups (p-value.165).
However, BN/AN+ patients had significantly higher
scores in restraint subscale (p-value = .007). BN/AN+
patients were more likely to use laxatives (p-value =
.027). Vomiting and potomania were not different
between groups. In terms of psychiatric comorbidity,
BN/AN+ patients were also more likely to use tobacco
(p-value = .050) and have a lifetime suicide attempt his-
tory (p-value = .048). Comorbid mood, anxiety, and sub-
stance abuse disorders were not different between the
two groups. There were also no differences in terms of
regular menses between the two groups (p = .331).

Concerning the association between neuropsychologi-
cal performance and history of AN (Table 2), there was a
trend for an association for BN/AN+ patients to have
worse sustained attention (reflecting by a worse global
score to d2 test; p = .073). BN/AN+ patients had signifi-
cantly lower scores on IGT total score (p-value = .076).
Finally, none of the other neuropsychological perfor-
mances were significantly different between the two
groups.

General and specific functioning of patients is
summarised in Table 3. According to the FAST scale,



TABLE 1 Association between sociodemographic and clinical characteristics and history of anorexia nervosa

History of anorexia nervosa

No Yes
n N= 50 Nn =35
Variables n % n % P-value
Age, years 12 26.11 (7.49) 28.40 (6.84) 154
Study level, years M2 13.17 (2.30) 14.20 (2.11) .055
Children . . . . .355
No 41 82.0 25 73.5
Yes 9 18.0 9 26.5
In couple . " . . 401
No 38 76.0 23 55.2
Yes 12 24.0 11 44.8
Working . - - - .566
No 4 8.0 4 11.8
Yes 46 92.0 30 88.2
Diseases characteristics
Actual BMI, kg/m? 2 21.97 (2.65) 21.88 (2.91) 871
Minimal BMI, kg/m? (V* 18.67 (2.81) 16.54 (2.34) .002
Maximal BMI, kg/m?> ? 24.79 (3.08) 25.51 (3.73) 355
BN duration, years V? 8.44 (7.38) 7.26 (7.09) 625
ED duration, years V2 8.44 (7.38) 10.98 (7.35) 213
Hospitalization for ED . . .817
No 32 65.3 22 62.9
Yes 17 347 13 37.1
Regular menstrual cycle . . 325
No 14 35.0 14 46.7
Yes 26 65.0 16 53.3
Vomiting . . . . .358
No 11 224 11 314
Yes 38 77.6 24 68.6
Potomania . . . . .367
No 32 80.0 19 70.4
Yes 8 20.0 8 29.6
Laxatives use . . . . .028
No 41 82.0 21 60.00
Yes 9 18.0 14 40.00
Diuretics use . . . . 0.17
No 46 95.8 27 87.1
Yes 2 42 4 12.9
Physical activity . . . . 0.56
No 15 31.9 13 38.2
Yes 32 68.1 21 61.8

(Continues)



TABLE 1 (Continued)

History of anorexia nervosa

No
n N=50
Variables n %
EDE - Total Score V? 4.01 (1.13)
EDE - Restriction “? 3.12 (1.70)
EDE - Eating concern V2 3.52(1.41)
EDE - Weight concern (? 4.47 (1.29)
EDE - Shape concern V? 4.96 (1.07)
Psychiatrics comorbidities
Smoking
No 31 64.6
Yes 17 354
Substance abuse
No 45 91.8
Yes 4 8.2
Alcohol abuse
No 44 89.8
Yes 5 10.2
Psychotropic drugs
No 33 66.0
Yes 17 34.0
Actual MDE
No 38 79.2
Yes 10 20.8
BDI Score 2 15.33 (7.66)
Bipolar disorder
No 41 83.7
Yes 8 16.3
Anxiety disorders
No 29 59.2
Yes 20 40.8
Lifetime suicide attempt
No 39 78.0
Yes 11 22.0

Yes
Nn =35
n % P-value
439 (1.14) 167
4.14 (1.34) .007
3.85(1.48) .308
4.64 (1.47) .595
4.97 (1.39) .970
.051
15 42.9
20 57.1
.947
32 91.4
3 8.6
.858
31 88.6
4 11.4
.180
18 51.4
17 48.6
.825
27 77.1
8 22.9
16.84 (8.56) 498
.307
32 91.4
3 8.6
434
23 67.6
11 32.4
.043
20 57.1
15 42.9

Abbreviations: BDI, beck depression inventory; BMI, — body mass index; ED, - eating disorder; EDE, - eating disorder examination; MDE, — major depression
episode; BDI - beck depression inventory. Statistically significant variables and values are bolded.

Continuous variables are expressed as means [(standard deviation (SD)].)

BN/AN+ patients had higher total scores (p-value =
.025), autonomy scores (p-value = .008), and relationship
scores (p-value = .033), showing worse functioning.
Patients with the history of AN had worse
osteodensitometry scores (Table 4) than those without
it. Osteodensitometry p-value for the spine score

was.028 and.014 for the hip. Spine Z score was signifi-
cantly lower in the BN/AN+ group (p = .014), and
there was a trend for a lower z score of the hip as well
(p = .076).

There was no difference between BN/AN+ and
BN/AN- patients to have a slower metabolism as



TABLE 2 Association between nNeuropsychological performance and history of aAnorexia nNervosa

History of aAnorexia nNervosa

No
Variables n %
dD2 Ratio 4.45 (3.23)
IGT Total Score V? 21.39 (30.90)
Brixton score (2 7.27 (1.94)
Figure de Rey - style of coping
1 29 59.2
2 12 24.5
>3 8 16.3

Yes

n % P-value

6.59 (6.71) .073

3.22 (30.51) .027

6.67 (1.67) 155
.619

16 50.0

11 34.4

5 15.6

Abbreviation: IGT, - Iowa Gambling Task. Statistically significant variables and values are bolded.

#Ccontinuous variables are expressed as means (SD, standard deviation).

Some neuropsychological tests had missing data. N n for those, that had missing data is reported here: dD2 ratio Nn = 82; IGT Nn = 66; Brixton n N= 82; FDR

n N=81.

TABLE 3
with a history of anorexia nervosa

General and specific functioning in bulimia patients

History of Anorexia

Nervosa
No Yes
Nn = 50 n N= 33
Variables Mean (SD) Mean (SD) P-value
FAST - 2.62 (2.75) 439 (2.67)  .008
Autonomy
FAST - 3.33 (4.08) 429 (4.74) 357
Professional
activity
FAST - Cognitive 5.04 (3.88) 5.82(3.78)  .360
FAST - Finances 2.58 (2.10) 2.56 (2.17) 971
FAST - 6.65 (4.79) 9.00 (4.45)  .033
Relationships
FAST - Hobbies 1.80 (1.87) 2.09(1.93)  .490
FAST - Total 21.00 (14.47) 29.04 (13.98) .034
Score

Abbreviations: FAST, - functional assessment short test; SD, standard
deviation. Statistically significant variables and values are bolded.

measured by calorimetry [1,292.61 (SD 168.74) vs.
1,360.81 (SD 207.37)], p-value.127.

The multivariate model shows that IGT net scores,
FAST total scores, and, in one model, lifetime history of
suicide attempts were significantly and independently
associated with a lifetime diagnosis of AN. (Tables 5
and 6)

4 | DISCUSSION

The goal of this study was to investigate the clinical sig-
nificance of a prior history of AN to the course of current
BN. Our result adds a significant contribution to the find-
ings of previous studies, suggesting that AN history is an
important clinical message for the care of the patient
with BN.

In the present study, BN/AN+ patients were more
likely to have a lifetime history suicide attempt, use
tobacco and laxatives, have a lower minimal lifetime
BMI, and have more dietary restraint as measured by
EDE-Q. More prevalent laxative use has already been
reported in 1990 (Mitchell et al., 1990), as well as more
vomiting behaviour, which was not found in our study.
Minimal lifetime BMI is well-documented finding,
reported by several other studies (Monteleone et al.,
2011; White, 2000). Bardone-Cone reported that BN
patients with AN history more often had a dietary restric-
tion, which was also found in our sample (Bardone-Cone
et al., 2008). However, we did not find a higher likelihood
for depression like Mitchel et al. (Mitchell et al., 1990), or
higher chance of a comorbid anxiety disorder like Sulli-
van et al. (Sullivan et al., 1996). Instead, BN patients with
AN history had a higher likelihood of lifetime suicide
attempt in the present study, which remained significant
even in one of the multivariate models. This is an inter-
esting finding because AN patients were more likely to
have made a serious suicide attempt whereas BN patients
did not differ from the control group according to suicide
attempts in a previous study (Guillaume et al., 2011).

In terms of cognitive functions, we investigated
attention, executive function, decision-making, and



TABLE 4 Association between somatic data and history of aAnorexia nNervosa

History of Anorexia Nervosa

No Yes
Variables n % n % P-value
Hematology
Hemoglobin, g/dIL (2 13.25 (0.88) 13.45 (1.18) 378
Albumin, g/IL ®? 46.00 (2.98) 45.73 (2.84) 687
Ferritin, pg/IL (V2 47.90 (35.04) 48.40 (38.45) 953
Vitamin B12, pg/miL 12 289.46 (153,83) 311.32 (140.55) .510
Intra erythrocyte folate, ng/mlL 12 762.99 (415.35) 707.72 (371.21) .534
Inflammation
CRP, mg/IL (V2 1.04 (1.20) 1.28 (1.82) .510
Fibrinogen, g/IL ™2 3.01 (0.49) 3.05 (0.53) 768
Renal function
Uremia, mmol/IL 2 4.09 (0.99) 4.09 (1.64) .996
Creatinine, pmol/IL 2 70.21 (9.65) 70.12 (10.06) 965
Hepatic function
ASAT, UI/IL 92 19.65 (9.36) 19.26 (9.50) 848
ALAT, UI/IL 2 15.57 (6.81) 15.77 (8.75) .905
GGT, UI/IL 2 15.82 (7.67) 22.83 (43.69) .390
Bone Metabolism
ALP, UI/IL (V2 57.04 (16.93) 54.87 (19.77) .591
Calcium, mmol/IL P2 2.38 (0.08) 2.32(0.26) .194
Phosphoremia, mmol/IL 2 1.11 (0.19) 1.11 (0.17) 914
Bone Densitometry
Hip BMD ®* 0.92 (0.12) 0.84 (0.14) .014
Spine BMD 2 1.01 (0.10) 0.94 (0.14) .028
Hip Z-score .076
<--1 7 (20.0) 10 (41.7)
>-—1 28 (80.0) 14 (58.3)
Spine Z- score .012
>-—1 34 (81.0) 16 (57.1)
<--1 8 (19.0) 12 (42.9)
Calorimetry
Basal calorimetry, calories (V? 1360.81 (207.37) 1292.61 (168.74) 127
Metabolic gap V? -—3.77 (13.06) -—3.47 (10.85) 913
Fat mass, % (V2 31.38 (9.69) 30.24 (5.41) .541

Note. Some biological variables had missing data. n for those, that had missing data it is reported here: Hemoglobin' n = 84; Albumin’ n = 77; Ferritin’ n = 77;
Intra erythrocyte folate: n = 81; CRP: n = 84; Fibrinogen: n = 63; Creatinine: n = 81; ASAT: n = 84; ALAT: n = 84; GGT: n = 81; ALP: n = 81; Calcium: n =
84; Phosphoremia n = 82; Bone Densitometry n = 72, calorimetry: n = 81. Statistically significant variables and values are bolded.

Continuous variables are expressed as means (SD)

Abbreviations: CRP - c reactive protein; ASAT _ aspartate aminotransferase; ALAT _  alanine transaminase; ALP, alkaline phosphatase; ASAT aspartate
aminotransferase; BMD, bone mineral density; CRP, c-reactive protein; GGT,- gamma glutamyltransferase.; ALP _ alkaline phosphatase: BMD - bone mineral
density

Some biological variables had missing data. N for those, that had missing data it is reported here: Hemoglobin — N=84; Albumin - N = 77; Ferritin - N=77;
Intra erythrocyte folate: N=81; CRP: N=84; Fibrinogen: N=63; Creatinine: N=81; ASAT: N=84; ALAT: N=84; GGT: N=81; ALP: N=81; Calcium: N=84;
Phosphoremia N=82; Bone Densitometry N=72, calorimetry: N=81*Continuous variables are expressed as means (SD).



TABLE 5 Multivariate analysis of the associations between clinical and neuropsychological characteristics and history of AN (22

patients with history of AN vs. 33 patient without history of AN)

Variable
Laxatives use

Yes

EDE - Restriction

Lifetime suicide
attempt

Yes
IGT Total Score
FAST - Total Score

OR [95% CI] P-value
1.87 [0.27, ;12.9] 524
1.42[0.81, ;2.47] 217
7.47[0.97, ;57.7] 054
0.97 [0.94, ;1.00] 027
1.09 [1.01, ;1.16] 018

Abbreviations: AN, anorexia nervosa; CI, confidence interval; FAST, functional assessment short test; EDE, eating disorder examination; IGT, Iowa Gambling

Task; OR, odds ratio. Statistically significant variables and values are bolded.

TABLE 6 Multivariate analysis of the associations between clinical and somatic characteristics and history of AN (24 patients with

history of AN vs. 35 patient without history of AN)

Variable

Laxatives use

Yes

EDE - Restriction
Lifetime suicide attempt
Yes

Spine BMD

FAST - Total sScore

OR [95% CI] P-value
1.77 [0.40, ;7.84] 452
1.26 [0.78, ;2.03] 354
6.24 [1.13, ;34.4] 036
0.01 [0.00, ;4.77] 150
1.05 [1.00, ;1.10] .049

Abbreviations: AN, anorexia nervosa; BMD, bone mineral density; CI, confidence interval; FAST, functional assessment short test; EDE, eating disorder
examination; OR, odds ratio. Statistically significant variables and values are bolded.

visuospatial abilities. One of the most studied cognitive
functions in eating disorders patients is decision-making.
It is well documented that decision-making is impaired
in these patients, as they tend to exhibit behaviours
resulting in fast gratification instead of delaying it for
later, but with a better outcome (Bodell et al., 2014; Guil-
laume et al., 2015). This finding is robust, replicated, and
was even confirmed in male patients with AN.
(Tchanturia et al., 2012). However, there are almost no
studies investigating whether there is a difference in
decision-making between BN/AN+ versus BN/AN-
patients. One existing study by Degortes et al., which
used the IGT, found that decision-making was impaired
in all bulimia patients compared with the healthy
women. Subgroup analysis suggests worse decision-
making performance in BN patient with the previous his-
tory of AN compared with control, whereas “pure BN”
was in-between and nondifferent of the two other groups
(Degortes et al., 2016). In the present study, we confirm
and extend these findings, demonstrating that previous
history of AN in BN patients was significantly associated
with worse decision-making abilities, measured by the

IGT, compared with “pure” BN patients. This association
remained significant even in the more robust multivari-
ate logistic regression model. It has been previously
suggested that another pathway underlines the impair-
ment in IGT in BN than in AN (Chan et al., 2014). This
also seems true with other dimensions of decision-mak-
ing, such as delay discounting (Steward et al., 2017).
These findings suggest that the way to think about these
decision-making impairments and address them are dif-
ferent in AN and BN patients. Nevertheless, these studies
were not taking into account previous diagnosis (i.e.: for-
mer AN in BN group or former BN in AN group). There-
fore, it is interesting which mechanism underlies
impaired decision-making in our BN/AN+ patients sam-
ple whether it is more similar to the mechanism in BN or
AN. Determination of the mechanisms was impossible in
our study, but, we suggest that future studies that assess
decision-making abilities in eating disorders patients
should take into account the lifetime trajectory of eating
disorders and not only the current diagnosis. By contrast
and in accordance with the study by Degortes et al.
(Degortes et al., 2016), central coherence seems not to be



associated with AN history. Finally, our results suggest
no difference in term of set-shifting between the two
groups. This is partially contradictory with the study of
Degortes et al. This discrepancy might be explained by
methodological difference (the task used were different
Brixton versus Wisconsin) and should be further explored
in future studies.

Attention is another essential cognitive function that
has been shown to be impaired in eating disorders
patients. The study by Seitz et al. using an functional
MRI (Seitz et al., 2016) found dysfunction of attention
network in BN patients, associated with overactivation of
parietooccipital regions and reduced deactivation of the
default mode network. Also, the difference in attention
bias has been demonstrated in restrictive and purging
type of AN (Enoch-Levy et al., 2018). In our study, there
was a tendency for BN patients with a history of AN to
have worse attention (p = .07). It is, therefore, an intrigu-
ing hypothesis for further studies with bigger sample
sizes to investigate whether a history of AN would predict
worse attention in BN patients.

Interesting findings emerged from looking at the gen-
eral and specific functioning of BN/AN+ versus BN/AN—
patients. To our knowledge, this is the first study to ana-
lyse whether there are differences in general and specific
functioning between bulimia patients with a history of
anorexia. We have found statistically significantly
impaired general functioning, which remained signifi-
cant in the multivariate model. This finding could be
helpful to caring clinicians because by asking about
whether a patient with bulimia had an anorexic episode,
it could give valuable clinical information and help to
make better decisions for care. However, we could not
conclude whether this is explicitly related to the history
of anorexia nervosa itself. Prospective studies would be
needed, which assessed functioning in anorexia patients
and then follows them, to see who develops bulimia and
whether they retain impairment in functioning.

In terms of specific functioning domains, two catego-
ries were significantly more impaired—relationships and
autonomy. Because they are less able to live an indepen-
dent life, and it is also harder to have meaningful rela-
tionships, these patients may need extra social care in
their communities. Our results do not determine whether
these difficulties result from the former anorexia, and the
literature on functioning in all eating disorders patients is
scarce. The study by Moser et al. (Moser et al., 2013)
investigated differences between psychosocial functioning
in patients with different types of eating disorders. They
specifically looked at patients with restrictive subtype and
purging subtype of eating disorder. It was found that
there were no differences in total FAST scores or specific
domains. Wentz et al. followed adolescents with anorexia

nervosa for 10 years. They concluded that according to
the GAF scale, half of the patients were of poor function-
ing. (Wentz, Gillberg, Gillberg, & Rastam, 2001).

Regarding nutritional biomarkers, there were no sig-
nificant differences found. This suggests that when
patients remit from AN and starvation state, even if they
develop BN, their nutritional state recovers without any
apparent insufficiencies, which can be reassuring for
both the patient and the physician. On the contrary,
some interesting findings emerged when bone status was
analysed. BN/AN+ patients more often had decreases on
bone mass density on all sites, and a significant decrease
in both the spine and hip osteodensitometry scores and
Spine Z score, indicating that prior history of AN is asso-
ciated with decreased aBMD. Bone metabolism alter-
ations are very well documented in AN (Fazeli &
Klibanski, 2014; Maimoun et al., 2018) and cause health
problems, like fractures, for these patients. Even though
there are also some studies that bone metabolism is
altered in BN (Robinson, Micali, & Misra, 2017), usually,
it is a less pronounced problem. National Institute for
Health and Care Excellence guidelines recommend a
aBMD scan in AN patients, but not in BN (National Insti-
tute for Health and Care Excellence., 2017). Because the
association between bone loss and previous history of AN
lost significance in multivariate analysis, these data call
for more studies with bigger sample sizes and suggests
that it could be important in the clinic to also assess
aBMD in BN/AN+ patients.

This study has some strengths. First of all, a compre-
hensive assessment was performed, whereas previous
studies were more focused on a specific aspect of the eat-
ing disorder. All patients were recruited according to the
strict procedure, and the diagnosis was confirmed in ter-
tiary eating disorders centre. We used validated and well-
known tools for evaluations. In this study, we confirmed
findings by other authors like more dietary restraint,
more use of laxatives, and a lower lifetime BMI of
BN/AN+ patients. This is important because the litera-
ture on this subject is very limited. Our study is also the
first that presented some new findings in this subgroup
of patients, namely impaired decision-making, higher
likelihood of lifetime suicide attempt history, and
impaired general and specific functioning. Also, we
showed that these patients have significantly lower bone
mass and a tendency for lower metabolic rate. This is
valuable information, as it shows that BN patients with a
previous history of AN have a higher need for careful
attention to nutrition.

There are some limitations as well. First of all, our
study sample was small, which may limit the generaliz-
ability of our results. A study with a larger sample size of
BN patients with or without previous history of AN is



warranted. It would be optimal if that study would have
a healthy control group because we did not have that
group in our sample. Another important aspect would be
to control in detail for medication and drug use. Because
some medications have neuroprotective effects (i.e., anti-
depressants, and antipsychotics), others could have
neurodamaging effects (benzodiazepines, and cannabis).
Therefore, it is interesting to see how the use of medi-
cines may modulate the clinical outcomes. Regarding sta-
tistical analysis, one limitation of this study was that we
were not able to perform a unique logistic regression
model due to only a partial overlap on IGT and
osteodensitometry assessment. Therefore, we performed
two models, to increase the statistical power of each.
Another limitation is that we studied only those patients
who were admitted to our second-line unit. Hence, our
results are generalizable only to patients admitted to a
specialised unit.

5 | CONCLUSION

This study aimed to do a comprehensive analysis of neu-
ropsychological tests, general and specific functioning,
and metabolic and somatic parameters of BN patients
with a previous history of AN. Besides the previously
known specific features such as more restriction, laxative
use, lower lifetime BMI, and tobacco use, these patients
also have worse decision-making abilities and general
and specific functioning, which is most likely residual
impairment from AN, therefore needs special manage-
ment. Patients also had a higher likelihood of having a
prior suicide attempt, which suggests that these patients
require a more rigorous assessment of their current sui-
cide risk. It is therefore important to screen for the previ-
ous history of AN in daily practice when caring for BN
patients.
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