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Background:Growing evidences indicate that sex hormones have an effect on cognitive

functions, and that Bulimia Nervosa (BN) is associated with cognitive impairment. The

aim of this study was to determine the effect of hormonal contraception (HC) use on four

cognitive functions that are impaired in patients with BN.

Methods: This retrospective exploratory study included 103 women with a diagnosis

of BN based on the DSM-5 criteria. Their age ranged from 15 to 45 years, and 46.6%

were taking HC (oral, transdermal, or intrauterine). Cognition was assessed with the d2

test (attention), Iowa gambling task (IGT; decision making), Brixton spatial anticipation

test (set shifting), and Rey-Osterrieth complex figure test (central coherence). Data were

analyzed with logistic regression models to estimate the adjusted odds ratios (OR) and

95% confidence intervals (CI) of HC effect on the neuropsychological test scores.

Results: In the multivariate model, HC use was significantly associated with better

scores for two d2 test indices: F-score [OR = 0.98, 95% CI = (0.95; 0.99)] and final

total score ratio [OR = 0.87, 95% CI = (0.77; 0.99)]. HC was also associated with a

better understanding of the IGT explicit rules. No difference between the two groups (HC

and non-HC use) was detected for set shifting and central coherence.

Conclusions: This exploratory study suggests that HC could have effects on the

sustained attention and concentration in women with BN. More studies are needed to

confirm these results.

Keywords: eating disorders, sustained attention, decision making, hormonal contraception, sexual hormone

INTRODUCTION

Bulimia Nervosa (BN) is a severe psychiatric disorder with a lifetime prevalence of about 3%
in women (1), high burden, and poor health-related quality of life (2). Despite some evidence-
based treatments, the prognosis remains unsatisfactory and more research is needed on BN
pathophysiology to find therapeutic targets. BN has been associated with possible endocrine
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deregulations (3, 4), and also with cognitive impairment,
especially in four cognitive functions: decision making, central
coherence, set shifting, and attentional networks. Indeed, a meta-
analysis concluded that decision making is significantly altered
in patients with BN (5). Moreover, a recent meta-analysis found
that people with BN have central coherence and set shifting
deficiencies that do not significantly differ from those observed
in people with Anorexia Nervosa (AN) (6). Attentional networks
are also altered in patients with BN (7, 8). Although there are
some heterogeneities among studies on cognitive functions in
patients with eating disorders (9), a meta-analysis found that
studies on patients with BN are more homogenous than those
on patients with AN, and that overall, cognitive functions are
altered in patients with BN (10). It is important to focus on these
impairments because they might contribute to the progression of
BN and a poor prognosis (5). Moreover, people with BN might
benefit from adjunctive approaches to address these deficiencies,
such as cognitive remediation therapy, which has shown positive
results in this population (6, 11, 12).

Interestingly, a growing body of evidence suggests that
sex hormones (estrogen and progesterone) influence cognitive
functions and therefore, these hormones have become the focus
of considerable attention in psychiatry (13). First, the two
estrogen receptors (ER), ERα and ERβ, are expressed in several
brain areas implicated in cognitive functions (e.g., prefrontal
cortex, dorsal striatum, nucleus accumbens, hippocampus,
and thalamus), suggesting that they might influence their
activity (14, 15). Moreover, studies on ovariectomized and
menopausal women have shown a significantly higher cognitive
function decline in women without hormone replacement
therapy (HRT) than in those receiving HRT (16–18). However,
another study found that HRT could be deleterious when
introduced too late after menopause or ovariectomy (17).
Similarly, other studies found deleterious effects of estrogens on
cognitive functions in women, and findings remain inconclusive
and contradictory (19–21). On the other hand, Egan and
Gleason (22) reported that hormonal contraception (HC)
users have better visuospatial ability and cognitive flexibility
scores than non-users, and these results were HC duration-
dependent. Furthermore, low estrogen levels could promote
inflammation (increase of IL-6, IL-1, and TNFα) (16), which
negatively affects cognitive functions (23). In addition, a recent
randomized controlled trial in oligomenorrheic/amenorrheic
athletes (who present symptoms similar to those of patients
with eating disorders) showed a significant improvement
in verbal memory and executive control in participants
taking the estrogen replacement compared with untreated
women (24).

Second, few studies have investigated the impact of
progesterone on cognitive functions. Like ERs, progesterone
receptors are expressed in several brain areas implicated in
cognitive functions, such as the hypothalamus, thalamus, frontal
cortex, and amygdala (25). Moreover, progesterone seems to
have a neuroprotective effect by acting on neurotrophic factors,
such as brain derived neurotrophic factor (26, 27). Finally,
some studies suggested a positive effect of progesterone on the
cognitive performances in women (28, 29).

As HC (estro-progestin or progestin alone) provides a
constant rate of sex hormones to avoid the hormonal triggers of
ovulation, we hypothesized that HCmight have an impact on the
cognitive functions in patients with BN. To test this hypothesis,
we performed an exploratory study in women with BN, who were
and were not taking HC, using four neuropsychological tests that
evaluate the cognitive functions known to be impaired in BN:
the d2 test (attention and concentration), the Iowa gambling task
(IGT; decision making), the Brixton spatial anticipation test (set
shifting), and the Rey-Osterrieth complex figure test (ROCFT;
central coherence).

MATERIALS AND METHODS

Participants
This is a retrospective observational and monocentric study.
Participants were consecutively recruited in an outpatient eating
disorder unit of the University Hospital Center of Montpellier,
France, between 2012 and 2018. Overall, 103 female patients
with BN, as defined by the DSM5 criteria, were included. This
ancillary study to a larger project was approved by the local ethics
committee (CPP Sud Méditerranée IV), and the signed informed
consent was obtained from all participants (and from the parents
for underage participants). Research was performed according to
the tenets of the Declaration of Helsinki.

The inclusion criteria were: female, non-menopausal, between
15 and 45 years of age, French speaking, and with BN according
to the DSM5 criteria. In addition, all HC types were allowed
(transdermal, hormonal intrauterine device, and oral) as well
as all types of hormonal substitution (progestin alone and
estro-progestin). The non-inclusion criteria were: another eating
disorder other than BN, use of a copper intrauterine device,
primary amenorrhea, physical condition precluding the study
participation, and refusal to participate in the study.

Clinical Assessment
Patients were evaluated by a multidisciplinary team of
psychiatrists, psychologists, and nutritionists. Diagnoses
were established by consensus using the best-estimated
procedure and medical records and information from relatives,
non-standardized clinical assessments by practitioners,
and standardized measures with the Mini-International
Neuropsychiatric Interview (MINI).

In addition, patients completed self-administered
questionnaires to assess the main characteristics of eating
disorders (ED). Five characteristics related to the disease severity
were evaluated using the four subscales of the Eating Disorder
Examination Questionnaire (EDE-Q) and the Functioning
Assessment Short Test (FAST). The EDE-Q is a 33-item
screening tool to evaluate ED symptoms. It measures disordered
eating over a 28-day period and is scored across four subscales
that explore the four core clinical dimensions of EDs: eating
concern, body shape concern, weight concern, and restraint.
Higher scores indicate a more severe ED (30, 31). In this study,
the EDE-Q was used to evaluate the pathology severity and not
to establish a diagnosis. The FAST is an interview-administered
instrument. It comprises of 24 items divided in five areas of
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functioning: autonomy, occupational functioning, financial
issues, interpersonal relationships, and leisure time. All items
are rated using a 4-point scale and the total score is obtained by
summing the score of each item. Higher scores indicate more
severe difficulties (32).

Sociodemographic and clinical data were systematically
recorded by a psychiatrist. All possible psychiatric comorbidities
(e.g., bipolar disorder and depression) were assessed with the
MINI and all current treatments were also recorded.

Hormonal Contraception
All HC types were allowed. Among the 48 patients of our sample
who were taking HC, 33 (68.75%) were using an estro-progestin-
based oral contraceptive; three (6.25%), an intrauterine device
with progestin; four (8.33%), a transdermal device with progestin;
and one (2.08%), a progestin-only oral contraceptive. Seven
patients (14.58%) taking an oral contraceptive did not know its
composition (estro-progestin or progestin). Only patients who
had been taking HC for at least 3 months (duration needed to
observe the HC effect on sex hormones) were included. In our
sample, the mean duration of HC use was 3.81 (5.37) years.

As this was an ancillary study to a larger project, blood sex
hormone levels were not measured and the patients’ menstrual
status was not known. The objective of our study was only to
determine whether HC intake, in a naturalistic sample of patients
with BN, had an effect on the cognitive functions before setting
up studies with an appropriate design.

Neuropsychological Assessment
Crystalline intelligence was assessed with the French version of
the National Adult Reading Test (NART), which is a validated
tool to measure prior intellectual functioning. The NART is a 50-
item single word reading test of graded difficulty. NART is based
on the observation that the level of reading ability in the normal
adult population is linked to the general intellectual level, and
that in patients with dementia, oral reading is preserved (until
late in the dementia process) (33).

The patients’ cognitive functions were assessed using four
neuropsychological tests. The d2 Test of Attention is a useful and
validated measure of attention and concentration. This is a one-
page cancellation test, consisting of 14 lines, each line with 47
“p” and “d” characters. 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 distracters. The participant’s
task is to cross out as many target symbols as possible, moving
from left to right (34, 35). As the d2 test result interpretation is
complex, it has various indices. In this study, six indices were
used: GZ, KL, F1, F2, F, and the d2 ratio. GZ corresponds to
the number of treated items; it is a quantitative “performance
index” that measures the basic cognitive working speed. F1 is
the number of omission mistakes (a measure of “attention”)
and F2 is the number of confusion mistakes (a measure of
“impulsivity”). F is the total number of mistakes, a measure of the
“selection abilities.” KL is the number of marked target symbols
minus the number of confusion mistakes, and is considered a

“concentration performance index” (36). Finally, the d2 ratio is
the test total score, obtained with the formula: GZ/F∗100. Low d2
ratios indicate better attention and concentration.

The Iowa gambling task (IGT) is the most widely used test
to assess decision-making. Individuals are given $2,000 in game
money and theymust maximize this sum over 100 trials by taking
cards from one of four decks. Decks A and B are advantageous
in the short term, but disadvantageous in the long term. Decks
C and D are less advantageous than Decks A and B in the
short term, but more advantageous in the long term. Therefore,
Decks A and B are “disadvantageous,” and Decks C and D are
“advantageous.” At the end of the task, the total score is calculated
as follows: (Decks C + Decks D) - (Decks A + Decks B);
higher scores indicate a better decision making (37). Discussion
has focused on the observation that up to the 50th trial, all
trials are ambiguous because there is no information indicating
which decks are advantageous or disadvantageous. Thus, it is
globally considered that the first 50 trials represent the adaptive
phase of the test. Then, trials 51–100 are considered less risky
because subjects should have learned which cards are safe or
risky. Consequently, the second part of the test is considered the
real decision-making test (38). Therefore, the IGT scores from
the 1st to the 50th trial and from the 51st to the 100th trial
were analyzed separately (1–50 and 51–100 scores). Finally, IGT
comprehension was scored from 0 to 2 (from worst to best test
comprehension) (39). Due to technical complications, only 58
participants performed this task.

The Brixton spatial anticipation test assesses the ability to
detect and follow a rule and the flexibility to a changing pattern.
The task consists of a series of pages onwhich there is one filled-in
circle (its location changes on each new page) and empty circles.
Patients have to predict the position of the filled-in circle on each
subsequent page. The total number of errors made during the
task is converted to a scaled score. Higher scores indicate a better
set shifting (40). This task was analyzed using clinical norms (41).

The ROCFT is widely used to assess the visuospatial
constructional ability and visual memory. The patient receives
the ROCF stimulus card and he/she must reproduce this figure
immediately and again, 30min later. The scoring system includes
location, accuracy, organization, and reproduction time. The
coping style was scored on a scale from 1 to 4 (1 is the best score).
As not enough patients scored 4 on this test, patients with scores
= 3 and 4 were grouped together (42).

Statistical Analysis
The study population was described using means (sd) for
quantitative variables and percentages for qualitative variables.
Psychotropic drugs (i.e., anxiolytic, hypnotic, antidepressant, and
antipsychotic) were all computed as a unique variable due to
the small sample and the treatment heterogeneity. A univariate
logistic regression model was used to study the associations
between the sociodemographic and clinical data according to HC
use. The sociodemographic and clinical variables associated with
the outcome (p < 0.10) were included in the multivariate logistic
regression model to estimate the adjusted odds ratios (ORs)
and their 95% confidence intervals (CI) for exposure variables
(neuropsychological test scores). A second multivariate logistic
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regressionmodel was performed by adding two variables: current
major depressive episode and lifetime AN. These variables were
not associated with the outcome (p < 0.10), but due to their
known impact on cognitive performances, they were included in
a second model to assess a possible interaction. Some variables
contained missing data for some patients (<10%). These missing
data were treated as missing data (no imputation).

The significance level was set at p < 0.05. Analyses were
performed with the SPSS statistical software (version 26; IBM
SPSS Statistics for Windows. Armonk, NY: IBM Corp).

RESULTS

Sample Characteristics
For this study, 103 women with BN were enrolled: 55 (53.4%)
did not use HC and 48 (46.6%) used. Their mean age was 27.36
(7.31) years, and their mean body mass index was 21.95 (3.18)
kg/m2. None of them had primary amenorrhea. In both groups
(HC and no HC), ∼40% of the patients did not have regular
menstrual cycles. The mean BN duration was 8.51 (6.92) years,
and the mean age at disease onset was 18.54 (5.24) years. The
mean EDE-Q total score was 4.22 (1.10), and the mean FAST
total score was 25.54 (1.10), confirming the BN severity and an
impaired global functioning.

Comparison of the Sociodemographic and
Clinical Data According to HC Use
Sociodemographic and clinical data were comparable between
the two groups (HC and no-HC) (Table 1). Similarly, variables
that could influence cognitive performances, such as BN
duration, regular menstrual cycle, BN severity, lifetime AN,
current major depressive episode, crystalline intelligence, and
global functioning (i.e., EDE-Q total score, FAST total score and
sub-scores, and NART score), were not significantly different
between the two groups. Psychiatric comorbidity rates were
comparable between the two groups (Table 1). Conversely,
taking psychotropic drugs and having children tended to be
more frequent in the participants using HC (p-value < 0.10).
Consequently, these two parameters were included in the
multivariate logistic regression model.

Effects of HC on Neuropsychological Test
Scores
For the d2 test, no significant association was detected by
univariate analysis (Model 0, Table 2). Conversely, in the
multivariate analysis adjusted for potential confounders, three d2
indices were significantly associated withHC intake (Model 1 and
Model 2, Table 2). Specifically, the F-score and the d2 ratio were
significantly associated with HC use in both multivariate models
[e.g., F: OR= 0.98, 95% CI= (0.95; 0.99), p-value= 0.04, Model
1; and d2 ratio: OR = 0.87, 95% CI = (0.77; 0.99), p-value =

0.03, Model 1] (Table 2). Moreover, the F1 score tended to be
associated with HC intake in Model 1 [OR = 0.98, 95% CI =
(0.96; 1.0), p-value = 0.07] and was significantly associated with
HC in Model 2 [OR = 0.97, 95% CI = (0.94; 0.99), p-value =

0.03] (Table 2).

The IGT scores (total score, scores 1–50 and 51–100) were
not associated with HC use in both univariate and multivariate
analyses. However, the IGT comprehension score was associated
with HC use [OR = 4.55, 95% CI = (1.41; 14.66), p-value =

0.01, Model 1, Table 2], with a better comprehension in the HC
group. The large CI values (from 1.4 to 14.6) could be explained
by the small number of participants who performed this test
(56.3% of the sample). Nevertheless, 62% of the patients with HC
displayed a full comprehension of the IGT compared with 31% in
the non-HC group.

No significant between-group difference was observed
concerning the Brixton scores or style of coping for the ROCFT.

DISCUSSION

This proof-of-concept observational study is the first, to our
knowledge, to assess neuropsychological performance in a large
population of women with BN according to HC use. We found
that patients with BN taking HC had a better total score (ratio
d2), made fewer mistakes (F and F1 scores) in the d2 test,
and had a better comprehension of the IGT compared with
the patients who were not taking HC when the analysis was
adjusted for potential confounders. These results suggest that the
selection abilities (F-score) and global sustained attention (ratio
d2 score) are better in patients with BN taking HC. Finally, HC
users seem to better understand the IGT. Interestingly, results
became significant when adjusted for potential confounders,
particularly the clinical variables that might influence cognitive
performances. Although current major depressive episode and
lifetime AN were not statistically different between the HC and
non-HC groups, they are known to have a negative impact
on the cognitive functions. For instance, patients with BN and
history of lifetime AN have a poorer cognitive functioning (43,
44), and patients with depression have cognitive impairments
(45). Therefore, after the addition of these two variables in
the second multivariate model, some of the d2 scores and
IGT comprehension were significantly different between the
two groups. This suggests a possible important association
between HC use and cognitive performance in patients
with BN.

This study presents several strengths. First, the quite
large sample was consecutively recruited in a specialized
unit, and represented a real-life population of patients with
BN. Then, a large set of validated tools was used to
assess cognition. Furthermore, many confounding factors
known to affect cognitive performances were tested (e.g.,
menstrual cycle irregularity, previous history of AN, psychiatric
comorbidities, illness duration, daily functioning), and the two
multivariate models took into account the two variables that
were most strongly associated with HC use (having children
and psychotropic medications) and the two variables known to
be associated with cognitive performances (current depressive
episode and lifetime AN). Finally, targeting patients with BN
allowed the assessment of HC influence on the cognitive
performances in patients with potential neuropsychological
weaknesses, and thus, to investigate HC impact on the
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TABLE 1 | Association between hormonal contraception and sociodemographic and clinical data.

Variables Hormonal contraception P-value

No Yes

N = 55 N = 48

n % n %

Age, years(1) 27.38 (6.99) 27.34 (7.73) 0.98

Study Level 0.40

<12 years 7 14.6 10 21.3

≥12 years 41 85.4 37 78.7

Children 0.08

No 47 85.5 34 70.8

Yes 8 14.5 14 29.2

In couple 0.66

No 32 58.2 30 62.5

Yes 23 41.8 18 37.5

Working 0.53

No 8 14.5 5 10.4

Yes 47 85.5 43 89.6

Body mass index, kg/m2(1) 21.68 (3.07) 22.27 (3.31) 0.35

Illness duration, years(1) 7.91 (6.90) 9.15 (7.01) 0.51

Regular menstrual cycles 0.53

No 17 35.4 18 41.9

Yes 31 64.6 25 58.1

AN lifetime 0.39

No 37 67.3 36 75

Yes 18 32.7 12 25

NART Score(1) 21.33 (3.68) 21.61 (4.35) 0.73

EDE-Q Total Score(1) 4.20 (1.20) 4.24 (1.01) 0.86

FAST - Autonomy(1) 3.41 (2.95) 3.31 (2.62) 0.87

FAST - Professional activity(1) 4.61 (4.79) 4.28 (4.79) 0.76

FAST - Cognitive(1) 6.20 (3.92) 5.22 (3.93) 0.22

FAST - Finances(1) 2.60 (2.20) 2.17 (2.22) 0.33

FAST - Relationship(1) 8.37 (4.82) 7.17 (4.63) 0.22

FAST - Hobbies(1) 2.00 (1.91) 2.00 (1.82) 1.00

FAST - Total Score (1) 26 (14.73) 25.11 (16.32) 0.81

Psychotropic drugs 0.08

No 37 71.2 26 54.2

Yes 15 28.8 22 45.8

Current major depressive episode 0.16

No 36 67.9 37 80.4

Yes 17 32.1 9 19.6

Bipolar disorder NA

No 49 92.5 47 100.0

Yes 4 7.5 0 0

Anxiety disorders 0.24

No 23 43.4 26 55.3

Yes 30 56.6 21 44.7

(1)Continuous variables were expressed as mean (sd).

tested functions by avoiding the bias associated with the sex
hormone deficiency classically found in AN. This can also
explain why our significant results for the d2 test were not
statistically very powerful. This could be due to the low

HC dosage and/or the relative normality of sex hormone
levels in BN.

There are also major limitations. Particularly, the inherent
biases of the observational and case-control study design as well
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TABLE 2 | Association between the neuropsychological test scores and hormonal contraception use.

Variable Hormonal contraception Model 0 Model 1 Model 2

No Yes

N = 55 N = 48

n % n % OR [95% CI] P-value OR [95% CI] P-value OR [95% CI] P-value

d2 GZ(1) 481.78 (82.08) 475.57 (79.97) 1.00 [0.99; 1.00] 0.70 1.0 [0.99; 1.01] 0.97 0.99 [0.99; 1.01] 0.77

d2 KL(1) 178.26 (41.43) 179 (36.98) 1.00 [0.99; 1.01] 0.93 1.0 [0.99; 1.02] 0.48 1.00 [0.99; 1.02] 0.59

d2 F1(1) 25.26 (25.02) 19.21 (15.47) 0.99 [0.96; 1.01] 0.17 0.98 [0.96; 1.00] 0.07 0.97 [0.94; 0.99] 0.03

d2 F2(1) 2.15 (4.97) 0.81 (1.19) 0.83 [0.66; 1.05] 0.12 0.82 [0.64; 1.05] 0.11 0.87 [0.70; 1.09] 0.22

d2 F(1) 27.41 (25.98) 20.02 (15.73) 0.98 [0.96; 1.00] 0.11 0.98 [0.95; 0.99] 0.04 0.97 [0.94; 0.99] 0.02

Ratio D2(1) 5.60 (4.95) 4.16 (3.00) 0.91 [0.81; 1.02] 0.10 0.87 [0.77; 0.99] 0.03 0.84 [0.72; 0.97] 0.02

IGT - Total Score(1) 7.85 (30.63) 15.90 (33.01) 1.01 [0.99; 1.02] 0.28 1.01 [0.99; 1.02] 0.36 1.00 [0.99; 1.02] 0.71

IGT - Score 1–50(1) 0.76 (11.38) 1.07 (14.64) 1.00 [0.97; 1.04] 0.92 0.99 [0.96; 1.04] 0.94 0.99 [0.95; 1.03] 0.62

IGT - Score 51–100(1) 7.09 (21.37) 14.83 (22.34) 1.02 [0.99; 1.04] 0.13 1.02 [0.99; 1.04] 0.17 1.01 [0.99; 1.04] 0.41

IGT comprehension 0.02 0.01 0.02

None or partial 20 69.0 11 37.9 1 1 1

Full 9 31.0 18 62.1 3.64 [1.23; 10.78] 4.55 [1.41; 14.66] 4.20 [1.24; 14.24]

Brixton Score 0.43 0.20 0.34

<7 29 54.7 22 46.8 1 1 1

≥7 24 45.3 25 53.2 1.37 [0.62; 3.02] 1.77 [0.74; 4.21] 1.56 [0.62; 3.90]

ROCFT - Style of

coping

0.56 0.26 0.15

1 27 51.9 25 54.3 1 1 1

2 18 34.6 12 26.1 0.72 [0.29; 1.79] 0.67 [0.26; 1.74] 0.71 [0.26; 1.97]

≥3 7 13.5 9 19.6 1.39 [0.45; 4.29] 2.14 [0.60; 7.66] 3.25 [0.80; 13.18]

(1)Continuous variables were expressed as mean (sd).

Model 0: Crude association.

Model 1: Adjusted for having children and using psychotropic medicines.

Model 2: Adjusted for having children, using psychotropic medicines, current major depressive episode, and lifetime AN. Bold values represent significant results (p-value < 0.05).

as the different HC treatments and doses received by the patients
limit the conclusions that can be drawn. Also, the estrogen and
progesterone levels and menstrual cycle phases of our patients
were not known because of the study design (retrospective,
ancillary study). This could be problematic because of the
menstrual status influence on cognitive performances (46).
However, first, it is quite unlikely that all 55 patients in the non-
HC group were in the same menstrual cycle phase (e.g., phase
with the lowest or highest progesterone level). Therefore, the
non-HC group might represent patients with BN at all menstrual
cycle stages. Second, patients in the HC group should have had
a constant sex hormone level (i.e., a feature of HC to inhibit
ovulation). By limiting the sex hormone changes, HC might
reduce the impact of their natural fluctuations on cognitive
functions. Third, given the large panel of HC types (intrauterine
device, transdermal, oral contraceptives with progestin alone, or
with estro-progestin), it was not possible to specifically evaluate
the effect of HC type and duration.

Despite these limitations, these results of this exploratory
study should be seen as the first step of new investigations with
a more appropriate and sophisticated design. For instance, it
would be important to quantify the sex hormone levels and their
association with cognitive performances as done in the ongoing

randomized controlled trial by Paslakis et al. on patients with AN
(47). In conclusion, our results suggest a potential interest of HC
to improve a sustained attention in women with BN that must be
validated by additional studies.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by CPP Sud Méditerranée IV. Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

BN: managing the literature searches and wrote the first
draft of the manuscript and performed statistical analysis. IJ:
performed the statistical analysis, reviewing, and comments of

Frontiers in Psychiatry | www.frontiersin.org 6 May 2021 | Volume 12 | Article 658182

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Nobile et al. Contraception and Cognitive Function in Bulimia

the manuscript. MS, LM, KD-M, PL, and PC recruited patients,
reviewing, and comments of the manuscript. SG: recruited
patients, designed the study, reviewing, and comments of the
manuscript. All authors contributed to and have approved the
final manuscript.

FUNDING

This study received financial support from CHRU Montpellier

(AOIUF 8854). The CHRUMontpellier had no role in the design,

analysis, interpretation, or publication of this study.

REFERENCES

1. Nagl M, Jacobi C, Paul M, Beesdo-Baum K, Höfler M, Lieb R, et al.

Prevalence, incidence, and natural course of anorexia and bulimia nervosa

among adolescents and young adults. Eur Child Adolesc Psychiatry. (2016)
25:903–18. doi: 10.1007/s00787-015-0808-z

2. Hay P, Mitchison D, Collado AEL, González-Chica DA, Stocks N, Touyz

S. Burden and health-related quality of life of eating disorders, including

Avoidant/Restrictive Food Intake Disorder (ARFID), in the Australian

population. J Eating Disord. (2017) 5:21. doi: 10.1186/s40337-017-0149-z
3. Cotrufo P, Monteleone P, d’Istria M, Fuschino A, Serino I, Maj M. Aggressive

behavioral characteristics and endogenous hormones in women with Bulimia
nervosa. Neuropsychobiology. (2000) 42:58–61. doi: 10.1159/000026673

4. Milano W, Capasso A. Neuroendocrine and metabolic disorders in Bulimia
nervosa. Endocr Metabol Immune Disord Drug Target. (2018) 18:297–

305. doi: 10.2174/1871530318666171212092725

5. Guillaume S, Gorwood P, Jollant F, Van den Eynde F, Courtet P, Richard-

Devantoy S. Impaired decision-making in symptomatic anorexia and

Bulimia nervosa patients: a meta-analysis. Psychol Med. (2015) 45:3377–

91. doi: 10.1017/S003329171500152X

6. Keegan E, Tchanturia K, Wade TD. Central coherence and set-shifting

between non-underweight eating disorders and anorexia nervosa: a

systematic review and meta-analysis. Int J Eat Disord. (2021) 54:229–

43. doi: 10.1002/eat.23430

7. Seitz J, Hueck M, Dahmen B, Schulte-Rüther M, Legenbauer

T, Herpertz-Dahlmann B, et al. (2016). Attention network

dysfunction in bulimia nervosa—An fMRI study. PLoS ONE. (2020)

11:e0161329. doi: 10.1371/journal.pone.0161329

8. StojekM, Shank LM, Vannucci A, Bongiorno DM, Nelson EE,Waters AJ, et al.

A systematic review of attentional biases in disorders involving binge eating.

Appetite. (2018) 123:367–89. doi: 10.1016/j.appet.2018.01.019
9. Smith KE, Mason TB, Johnson JS, Lavender JM, Wonderlich SA. A systematic

review of reviews of neurocognitive functioning in eating disorders: the

state-of-the-literature and future directions. Int J Eat Disord. (2018) 51:798–
821. doi: 10.1002/eat.22929

10. Hirst RB, Beard CL, Colby KA, Quittner Z, Mills BM, Lavender

JM. Anorexia nervosa and bulimia nervosa: a meta-analysis of

executive functioning. Neurosci Biobehav Rev. (2017) 83:678–

90. doi: 10.1016/j.neubiorev.2017.08.011

11. Eichen DM, Matheson BE, Appleton-Knapp SL, Boutelle KN. Neurocognitive

treatments for eating disorders and obesity. Curr Psychiatry Rep. (2017)
19:62. doi: 10.1007/s11920-017-0813-7

12. Fagundo AB, Santamaría JJ, Forcano L, Giner-Bartolomé C, Jiménez-Murcia

S, Sánchez I, et al. Video game therapy for emotional regulation and

impulsivity control in a series of treated cases with bulimia nervosa. Eur Eat
Disord Rev J Eat Disord Assoc. (2013) 21:493–9. doi: 10.1002/erv.2259

13. Weickert TW, Weinberg D, Lenroot R, Catts SV, Wells R, Vercammen

A, et al. Adjunctive raloxifene treatment improves attention and memory

in men and women with schizophrenia. Mol Psychiatry. (2015) 20:685–

94. doi: 10.1038/mp.2015.11

14. Almey A, Milner TA, Brake WG. Estrogen receptors in the central nervous

system and their implication for dopamine-dependent cognition in females.

Hormones Behav. (2015) 74:125–38. doi: 10.1016/j.yhbeh.2015.06.010
15. Ancelin ML, Ritchie K. Lifelong endocrine fluctuations and

related cognitive disorders. Curr Pharmaceut Design. (2005)

11:4229–52. doi: 10.2174/138161205774913228

16. Au A, Feher A, McPhee L, Jessa A, Oh S, Einstein G. Estrogens,

inflammation and cognition. Front Neuroendocrinol. (2016)

40:87–100. doi: 10.1016/j.yfrne.2016.01.002

17. Girard R, Météreau E, Thomas J, Pugeat M, Qu C, Dreher, J.-C.

Hormone therapy at early post-menopause increases cognitive control-

related prefrontal activity. Sci Rep. (2017) 7:44917. doi: 10.1038/srep

44917

18. Pompili A, Arnone B, Gasbarri A. Estrogens andmemory in physiological and

neuropathological conditions. Psychoneuroendocrinology. (2012) 37:1379–

96. doi: 10.1016/j.psyneuen.2012.01.007

19. Gogos A, Wu YC, Williams AS, Byrne LK. The effects of ethinylestradiol

and progestins (“the pill”) on cognitive function in pre-menopausal women.

Neurochem Res. (2014) 39:2288–300. doi: 10.1007/s11064-014-1444-6
20. Korol DL, Pisani SL. Estrogens and cognition: friends or foes?: an evaluation

of the opposing effects of estrogens on learning and memory.Hormones Beha.
(2015) 74:105–15. doi: 10.1016/j.yhbeh.2015.06.017

21. Warren AM, Gurvich C, Worsley R, Kulkarni J. A systematic review of the

impact of oral contraceptives on cognition. Contraception. (2014) 90:111–

6. doi: 10.1016/j.contraception.2014.03.015

22. Egan KR, Gleason CE. Longer duration of hormonal contraceptive use

predicts better cognitive outcomes later in life. J Women’s Health. (2012)
21:1259–66. doi: 10.1089/jwh.2012.3522

23. Bollen J, Trick L, Llewellyn D, Dickens C. The effects of acute inflammation

on cognitive functioning and emotional processing in humans: a

systematic review of experimental studies. J Psychosomat Res. (2017)

94:47–55. doi: 10.1016/j.jpsychores.2017.01.002

24. Baskaran C, Cunningham B, Plessow F, Singhal V, Woolley R, Ackerman

KE, et al. Estrogen replacement improves verbal memory and executive

control in oligomenorrheic/amenorrheic athletes in a randomized

controlled trial. J Clin Psychiatry. (2017) 78:e490-7. doi: 10.4088/JCP.15m

10544

25. Brinton RD. Impact of estrogen therapy on Alzheimer’s disease: a fork in the

road? CNS Drugs. (2004) 18:405–22. doi: 10.2165/00023210-200418070-00001
26. Singh M, Su C. Progesterone, brain-derived neurotrophic

factor and neuroprotection. Neuroscience. (2013) 239:84–

91. doi: 10.1016/j.neuroscience.2012.09.056

27. Singh M, Su C. Progesterone and neuroprotection. Hormones Behav. (2013)
63:284–90. doi: 10.1016/j.yhbeh.2012.06.003

28. Sofuoglu M, Mouratidis M, Mooney M. Progesterone improves

cognitive performance and attenuates smoking urges in

abstinent smokers. Psychoneuroendocrinology. (2011) 36:123–

32. doi: 10.1016/j.psyneuen.2010.07.005

29. Toffoletto S, Lanzenberger R, Gingnell M, Sundström-Poromaa

I, Comasco E. Emotional and cognitive functional imaging

of estrogen and progesterone effects in the female human

brain: a systematic review. Psychoneuroendocrinology. (2014)

50:28–52. doi: 10.1016/j.psyneuen.2014.07.025

30. Luce KH, Crowther JH. The reliability of the eating disorder examination?

self-report questionnaire version (EDE-Q). Int J Eat Disord. (1999) 25:349–51.
doi: 10.1002/(SICI)1098-108X(199904)25:3<349::AID-EAT15>3.0.CO;2-M

31. Mond JM, Hay PJ, Rodgers B, Owen C, Beumont PJV. Validity of the

Eating Disorder Examination Questionnaire (EDE-Q) in screening for

eating disorders in community samples. Behav Res Therapy. (2004) 42:551–
67. doi: 10.1016/S0005-7967(03)00161-X

32. Rosa AR, Sánchez-Moreno J, Martínez-Aran A, Salamero M, Torrent C,

Reinares M, et al. Validity and reliability of the Functioning Assessment Short

Test (FAST) in bipolar disorder. Clin Pract Epidemiol Mental Health. (2007)
3:5. doi: 10.1186/1745-0179-3-5

33. Crawford JR, Deary IJ, Starr J, Whalley LJ. The NART as an index of

prior intellectual functioning: a retrospective validity study covering a

66-year interval. Psychol Med. (2001) 31:3634. doi: 10.1017/S0033291701

003634

Frontiers in Psychiatry | www.frontiersin.org 7 May 2021 | Volume 12 | Article 658182

https://doi.org/10.1007/s00787-015-0808-z
https://doi.org/10.1186/s40337-017-0149-z
https://doi.org/10.1159/000026673
https://doi.org/10.2174/1871530318666171212092725
https://doi.org/10.1017/S003329171500152X
https://doi.org/10.1002/eat.23430
https://doi.org/10.1371/journal.pone.0161329
https://doi.org/10.1016/j.appet.2018.01.019
https://doi.org/10.1002/eat.22929
https://doi.org/10.1016/j.neubiorev.2017.08.011
https://doi.org/10.1007/s11920-017-0813-7
https://doi.org/10.1002/erv.2259
https://doi.org/10.1038/mp.2015.11
https://doi.org/10.1016/j.yhbeh.2015.06.010
https://doi.org/10.2174/138161205774913228
https://doi.org/10.1016/j.yfrne.2016.01.002
https://doi.org/10.1038/srep44917
https://doi.org/10.1016/j.psyneuen.2012.01.007
https://doi.org/10.1007/s11064-014-1444-6
https://doi.org/10.1016/j.yhbeh.2015.06.017
https://doi.org/10.1016/j.contraception.2014.03.015
https://doi.org/10.1089/jwh.2012.3522
https://doi.org/10.1016/j.jpsychores.2017.01.002
https://doi.org/10.4088/JCP.15m10544
https://doi.org/10.2165/00023210-200418070-00001
https://doi.org/10.1016/j.neuroscience.2012.09.056
https://doi.org/10.1016/j.yhbeh.2012.06.003~
https://doi.org/10.1016/j.psyneuen.2010.07.005
https://doi.org/10.1016/j.psyneuen.2014.07.025
https://doi.org/10.1002/(SICI)1098-108X(199904)25:3$<$349::AID-EAT15$>$3.0.CO;2-M
https://doi.org/10.1016/S0005-7967(03)00161-X
https://doi.org/10.1186/1745-0179-3-5
https://doi.org/10.1017/S0033291701003634
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Nobile et al. Contraception and Cognitive Function in Bulimia

34. Bates ME, Lemay EP. The d2 Test of Attention: construct validity and

extensions in scoring techniques. J Int Neuropsychol Soc. (2004) 10:392–

400. doi: 10.1017/S135561770410307X

35. Brickenkamp R. D2: test d’attention concentrée. Éditions du Centre de
Psychologie Appliquée. (1998). doi: 10.1037/t03299-000

36. Cléry-Melin M-L, Gorwood P. A simple attention test in the acute phase of a

major depressive episode is predictive of later functional remission.Depression
Anxiety. (2017) 34:159–70. doi: 10.1002/da.22575

37. Buelow MT, Suhr JA. Construct validity of the Iowa Gambling Task.

Neuropsychol Rev. (2009) 19:102–14. doi: 10.1007/s11065-009-9083-4
38. van den Bos R, Homberg J, de Visser L. A critical review of sex differences

in decision-making tasks: focus on the Iowa Gambling Task. Behav Brain Res.
(2013) 238:95–108. doi: 10.1016/j.bbr.2012.10.002

39. Guillaume S, Jollant F, Jaussent I, Lawrence N, Malafosse A,

Courtet P. Somatic markers and explicit knowledge are both

involved in decision-making. Neuropsychologia. (2009) 47:2120–

4. doi: 10.1016/j.neuropsychologia.2009.04.003

40. Odhuba RA, Broek MD, Johns LC. Ecological validity of

measures of executive functioning. Br J Clin Psychol. (2005)

44:269–78. doi: 10.1348/014466505X29431

41. Seron X, LindenMVder. Traité de Neuropsychologie Clinique de l’adulte: Tome
1 - Evaluation. De Boeck Superieur. (2014).

42. Shin M-S, Park S-Y, Park S-R, Seol S-H, Kwon JS. Clinical and empirical

applications of the Rey-Osterrieth Complex Figure Test. Nat Protocols. (2006)
1:892–9. doi: 10.1038/nprot.2006.115

43. Degortes D, Tenconi E, Santonastaso P, Favaro A. Executive functioning and

visuospatial abilities in bulimia nervosa with or without a previous history of

anorexia nervosa: cognitive functioning in bulimia nervosa. Eur Eat Disord
Rev. (2016) 24:139–46. doi: 10.1002/erv.2430

44. Strumila R, Nobile B, Maimoun L, Jaussent I, Seneque M, Thiebaut S, et al.

The implications of previous history of anorexia nervosa in patients with

current bulimia nervosa: alterations in daily functioning, decision-making,

and bone status. Eur Eat Disord Rev J Eat Disord Assoc. (2020) 28:34–

45. doi: 10.1002/erv.2712

45. Gregory E, Torres IJ, Ge R, Blumberger DM, Downar JH, Daskalakis

ZJ, et al. Predictors of cognitive impairment in treatment-resistant

depression. J Affect Disord. (2020) 274:593–601. doi: 10.1016/j.jad.2020.

05.101

46. Pletzer B, Harris T-A, Ortner T. Sex and menstrual

cycle influences on three aspects of attention. Physiol
Behav. (2017) 179:384–90. doi: 10.1016/j.physbeh.2017.

07.012

47. Paslakis G, Maas S, Gebhardt B, Mayr A, Rauh M, Erim Y. Prospective,

randomized, double-blind, placebo-controlled phase IIa clinical trial

on the effects of an estrogen-progestin combination as add-on to

inpatient psychotherapy in adult female patients suffering from anorexia

nervosa. BMC Psychiatry. (2018) 18:93. doi: 10.1186/s12888-018-

1683-1

Conflict of Interest: The authors declare interests in relation with one or more

organization that could be perceived as a possible conflict of interest in the

context of the subject of this manuscript. The relationships are summarized as

follows. SG received honoraria or research or educational conference grants from

Bristol-Myers Squibb, Otsuka, Servier, Lundbeck, AstraZeneca, and Janssen. PC

reports no shares; has paid positions at the University of Montpellier and CHU

Montpellier; is on the advisory board at Servier; and has no other involvement.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2021 Nobile, Maimoun, Jaussent, Seneque, Dupuis-Maurin, Lefebvre,
Courtet, Renard and Guillaume. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 8 May 2021 | Volume 12 | Article 658182

https://doi.org/10.1017/S135561770410307X
https://doi.org/10.1037/t03299-000
https://doi.org/10.1002/da.22575
https://doi.org/10.1007/s11065-009-9083-4
https://doi.org/10.1016/j.bbr.2012.10.002
https://doi.org/10.1016/j.neuropsychologia.2009.04.003
https://doi.org/10.1348/014466505X29431
https://doi.org/10.1038/nprot.2006.115
https://doi.org/10.1002/erv.2430
https://doi.org/10.1002/erv.2712
https://doi.org/10.1016/j.jad.2020.05.101
https://doi.org/10.1016/j.physbeh.2017.07.012
https://doi.org/10.1186/s12888-018-1683-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Effects of Hormonal Contraception Use on Cognitive Functions in Patients With Bulimia Nervosa
	Introduction
	Materials and Methods
	Participants
	Clinical Assessment
	Hormonal Contraception
	Neuropsychological Assessment
	Statistical Analysis

	Results
	Sample Characteristics
	Comparison of the Sociodemographic and Clinical Data According to HC Use
	Effects of HC on Neuropsychological Test Scores

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


