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Abstract

Objective

NUCB2/nesfatin-1 is an anorexigenic hormone with elevated levels in obese and decreased
levels in anorexia nervosa (AN) patients. Moreover, a role in the regulation of stress and
emotions was suggested by several rodent and preliminary human studies. Since anxiety
and depression are common comorbidities in AN, we investigated the association of
NUCB2/nesfatin-1 with anxiety, depression and perceived stress in AN.

Methods

We analyzed circulating NUCB2/nesfatin-1 levels in 64 female inpatients diagnosed with
anorexia nervosa (body mass index, BMI; mean+SD, 14.7+2.3 kg/m?). At the same time
anxiety (GAD-7), depression (PHQ-9), stress (PSQ-20) and disordered eating (EDI-2) were
measured psychometrically.

Results

No correlation was observed between NUCB2/nesfatin-1 and BMI (r=0.06, p = 0.70). The
study population was divided in patients with low anxiety (n = 32, GAD-7 scores, meantSD,
7.5+3.3) and high anxiety (n = 32, 16.0+3.0, p<0.001). Patients with high anxiety scores
displayed 65% higher NUCB2/nesfatin-1 levels (o = 0.04). This was reflected by a positive
correlation of GAD-7 and NUCB2/nesfatin-1-levels (r = 0.32, p = 0.04). Scores of PSQ-20
(73.3£14.3 vs. 48.6+£17.2) and PHQ-9 (18.8+5.0 vs. 10.3+5.1) were higher in the high anxi-
ety group (p<0.001) but did not correlate with NUCB2/nesfatin-1 (p>0.05). EDI-2 total score
was also higher in the high anxiety group (52.3+14.1 vs. 40.2+16.0, p = 0.02), while no cor-
relations of EDI-2-scores with plasma NUCB2/nesfatin-1 were observed (0>0.05).
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Conclusions

Circulating NUCB2/nesfatin-1 levels correlated positively with perceived anxiety, whereas
no association with BMI or eating disorder symptoms was observed. NUCB2/nesfatin-1
might be primarily involved in the modulation of anxiety and subsequently in the regulation
of eating habits and body weight in AN.

Introduction

Nesfatin-1 is an 82-amino-acid peptide hormone cleaved from nucleobindin2 (NUCB2). First
described in 2006 [1], nesfatin-1 has been considered to be primarily involved in the regulation
of hunger and satiety as an anorexigenic modulator since intracerebroventricular and also
peripheral injection were shown to reduce food intake in rodents [1, 2]. NUCB2/nesfatin-1 is
expressed in several cerebral regions of the rat such as hypothalamus and brainstem [1], amyg-
dala [3-5], and parasympathetic and sympathetic neurons [5]. In humans, it was also detected
in the Edinger-Westphal nucleus [6]. In addition, NUCB2/nesfatin-1 has been shown to occur
also peripherally in human and murine adipose tissue [7]. It is colocalized with insulin in
rodent [8] and human pancreatic beta-cells [9] and colocalized with ghrelin in gastric human
P/D;- and rat X/A-like cells [10, 11]. Interestingly, the stomach seems to be the major source of
NUCB2/nesfatin-1 as expression levels are higher compared to the brain as shown in rats [10].
Since most studies did not distinguish between full length NUCB2 and processed nesfatin-1
due to the fact that the antibodies used also recognize full length NUCB?2 (for discussion see
[12]) the analyte should be referred to as NUCB2/nesfatin-1.

The regulation of circulating NUCB2/nesfatin-1 seems to depend on food ingestion with
decreased levels after fasting and a restoration after re-feeding in rats [10], while confirmation
of these data in humans is pending. In addition to the short term alterations, also sustained
changes in body weight have been reported to affect NUCB2/nesfatin-1. The only study con-
ducted in subjects with anorexia nervosa reported lower NUCB2/nesfatin-1 levels compared to
healthy controls [13]. In line with these data several studies showed a positive correlation of
NUCB2/nesfatin-1 levels with body mass index (BMI) [7, 14]. However, this association is not
yet fully established as other studies reported an inverse relationship [15-18] or no significant
association of NUCB2/nesfatin-1 levels and BMI [19]. Alternatively, other factors might more
strongly influence NUCB2/nesfatin-1 levels and thereby alter the expected relationship
between NUCB2/nesfatin-1 and BMI [19].

Recently, NUCB2/nesfatin-1 has been suggested to be also a part of circuitries involved in
the modification of behavioral and emotional responses to stress [20]. In rodents, intracerebro-
ventricular injection of nesfatin-1 - besides reducing food intake - induced anxiety-related
behaviors [21]. Subsequently, several groups showed an activation of NUCB2/nesfatin-1 neu-
rons in rats undergoing restraint stress, a well-established rodent model of psychological stress
[22-24]. In humans, elevated NUCB2 mRNA expression was observed in the brain Edinger-
Westphal nucleus [6] and higher NUCB2/nesfatin-1 peptide levels in the peripheral circulation
[25] of depressed patients compared to healthy controls. In line with these findings, a positive
correlation of anxiety, depression and perceived stress with circulating NUCB2/nesfatin-1 lev-
els has been reported in obese women [19]. Interestingly, male patients with general anxiety
disorders displayed decreased nesfatin-1 levels [26] pointing towards a possible sex-specific
regulation of NUCB2/nesfatin-1.
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The involvement of NUCB2/nesfatin-1 in the regulation of food intake and emotion should
be viewed in an integrated manner since mood and eating habits seem to be interrelated. More-
over, a hormone with anorexigenic and anxiogenic effects might play a role in the etiology or
maintenance of anorexia nervosa which is often accompanied by depression and anxiety [27-
30]. In the present study, we therefore investigated the relationship between NUCB2/nesfatin-
1 and different psychological parameters and hypothesized a positive correlation of NUCB2/
nesfatin-1 primarily with anxiety which has been shown by our group in obese women before
[19]. We also expected positive associations of NUCB2/nesfatin-1 with depression and per-
ceived stress as also shown for obese women in the same study [19]. In addition, we tested
whether patients with high anxiety also display higher scores of depression and perceived stress
and exploratively investigated whether any associations with symptoms of disordered eating
could be observed. Lastly, in a small sample we compared circulating NUCB2/nesfatin-1 levels
of anorexia nervosa patients with normal weight patients matched for sex, age and anxiety
scores.

Materials and Methods
Ethics statement

All investigations were conducted according to the Declaration of Helsinki and all patients
gave written informed consent. The study was approved by the institutional ethics committee
of the Charité — Universititsmedizin Berlin (protocol number: EA1/114/10).

Subjects

We enrolled 64 female inpatients suffering from anorexia nervosa (BMI 14.7 + 2.3 kg/m%;
range 8.7-19.3 kg/m”) and 10 normal weight female inpatients (BMI 20.5 + 1.6 kg/m?; range
18.6-23.4 kg/m?) at admission to their treatment (consisting of biomedical therapy and physio-
therapy as well as both individual and group psychotherapy, music and art therapy and body
psychotherapy) in the Division of General Internal and Psychosomatic Medicine at Charité —
Universititsmedizin Berlin. Inclusion criteria for anorexia nervosa patients encompassed
female sex and the fulfillment of ICD-10 (International Statistical Classification of Diseases
and Related Health Problems of the World Health Organization, 10 revision) diagnostic crite-
ria for anorexia nervosa (typical and atypical anorexia nervosa as well as restricting and binge-
purge subtypes) [31]. The atypical subtype was defined as meeting all but one criterion of the
typical form (BMI below 17.5 kg/m?, self-induced weight loss, body image distortion, and
amenorrhea) [31]. ICD-10 criteria for anorexia nervosa basically equal DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition) criteria [32], while in contrast to
the DSM-V (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition) criteria [33]
amenorrhea is still a criterion for typical anorexia nervosa. Inclusion criteria for normal weight
patients comprised a BMI of 18.5 to 25.0 kg/m?, female sex and the absence of relevant biomed-
ical diagnoses. These patients were admitted to the hospital for the treatment of somatoform,
anxiety, depressive or adjustment disorders. Patients with somatoform disorders of the gastro-
intestinal system were excluded. Exclusion criteria for the whole study were current pregnancy,
psychotic disorders and an age below 18 years.

Anthropometric measurements

Body weight and height were assessed at the same day of blood withdrawal between 07:00-
08:00 am in light underwear and BMI was calculated as kg/m>.
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Laboratory analyses

Venous blood samples were taken after an overnight fast between 7:00 and 8:00 in the morning.
Patients were allowed to drink small amounts of water but were advised not to drink larger
amounts or other beverages, to eat, smoke or exercise before blood withdrawal. All blood sam-
ples were collected within 3 days after admission to avoid biases due to the onset of metabolic
changes following treatment initiation. The blood was collected in pre-cooled standard EDTA
tubes prepared with aprotinin (1.2 Trypsin Inhibitory Unit per 1 ml blood; ICN Pharmaceuti-
cals, Costa Mesa, CA, USA) for peptidase inhibition. Immediately after blood withdrawal the
tubes were stored on ice and then centrifuged at 4°C for 10 min at 3000 g. Plasma was then sepa-
rated and stored at -80°C until further processing. NUCB2/nesfatin-1 plasma levels were mea-
sured using a commercial enzyme-linked immunosorbent assay (ELISA, catalog # EK-003-26,
Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA). All samples were processed at once
(intra-assay variability was 5%, inter-assay variability was 7%). The antibody used in this ELISA
was raised against nesfatin-1 and also recognizes full length NUCB2 containing the epitope.

Psychometric questionnaires

For psychometrical examination and ad hoc questions about socioeconomic status patients
were given personal digital assistants (PDA) one or two days before or on the day of blood
withdrawal and asked to fill in the following questionnaires within one day.

For assessment of anxiety and depression two scales of the self-report measure patient
health questionnaire (PHQ) [34] were used. For the diagnosis of a generalized anxiety disorder
specificity was 0.92 and sensitivity 0.89 [35]. According to the English version, the German ver-
sion of the GAD-7 [36] utilizes 7 items designed to diagnose general anxiety disorder [35] but
also captures panic, social anxiety or posttraumatic stress symptoms. Cronbach’s alpha for the
present sample was 0.83.

The PHQ-9 depression scale [34], consisting of 9 items, is a widely used screening instrument
for determination of the severity of depressive symptoms. We administered the German version
by Lowe et al. [37]. For the current population Cronbach’s alpha was calculated as 0.86. In a meta-
analysis of 17 validation studies in different languages including the German language translation,
specificity was 0.92 and sensitivity 0.80 for the diagnosis of a major depressive disorder [38].

For the measurement of stress we used the perceived stress questionnaire (PSQ) [39] in its
revised German version with 20 items (PSQ-20) [40]. The PSQ emphasizes the subjective per-
ception of stress and additionally provides four subscales evaluating “worries”, “tension”, and
“joy” as stress responses and “demands” as a perception of external stressors. Cronbach’s alpha
for the subscales ranged from 0.83 to 0.87.

The Eating Disorder Inventory (EDI) was developed [41] to assess eating disorder symp-
toms in anorexic and bulimic patients and is also a self-report instrument encompassing 64

»

items on 8 subscales measuring “drive for thinness”, “bulimia”, “body dissatisfaction”, “ineffec-
tiveness”, “perfectionism”, “interpersonal distrust”, “interoceptive awareness”, and “maturity
fears”. We used the German version [42] of the 2™ version [43] which added 3 subscales to the
original one but only used the above mentioned first 8 subscales of the EDI-2. Cronbach’s

alpha was determined as 0.87.

Statistical analysis

Distribution of the data was determined by Kolmogorov-Smirnov test. For descriptive charac-
terization of demographic and anthropometric data, t-tests and Mann-Whitney-U-tests were

employed depending on the distribution of the data. For descriptive characterization of socio-
economic data and anorexia nervosa subtypes frequencies were calculated using crosstabs
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followed by y*-tests. Correlations were determined by Pearson’s or Spearman’s analyses
depending on the distribution of the data. Differences in outcome variables between groups
were calculated using t-tests. Differences between groups were considered significant when

p < 0.05. Data are expressed as mean * standard deviation (SD) for parametric data and as
median (25™ percentile/75™ percentile) for non-parametric data. Statistical analyses were con-
ducted using SigmaStat 3.1 (Systat Software, San Jose, CA, USA).

Results

According to the results in the GAD-7 we divided our sample into two groups, one with low
and one with high anxiety levels by splitting the sample at the median score of 12.

Demographic and socioeconomic characteristics, duration of disease and subtypes of the
anorexia nervosa study population (n = 64) are described in Table 1. Comorbidities and addi-
tional laboratory analyses in anorexia nervosa patients are shown in S1 Table.

Circulating NUCB2/nesfatin-1 levels show a positive correlation with
anxiety while they are not associated with depression and perceived
stress in anorexic patients

The two study groups (low anxiety: n = 32, GAD-7 score range: 0 to 12, mean + SD: 7.5 + 3.3;
high anxiety: n = 32, GAD-7 score range: 12 to 21, mean + SD: 16.0 + 3.0, p < 0.001) did not
differ in age (p = 0.33; Table 1), or BMI (p = 0.79; Table 1).

The high anxiety group displayed 65% higher NUCB2/nesfatin-1 levels than the low anxiety
group (0.28 £ 0.25 vs. 0.17 £ 0.07 ng/ml, p = 0.04; Fig 1A) which was reflected by a positive

Table 1. Demographic and socioeconomic characteristics, duration of disease and subtypes of anorexia nervosa of the anorexia nervosa study
population.
Parameter Low anxiety (n = 32) High anxiety (n = 32) Missing data P

Demographic characteristics

Age (years) 23.0 (19.0/30.5) 25.0 (21.3/31.3) 0 0.33%
Body mass index (kg/m?) 14.8+2.0 146 £2.6 0 0.73°
Duration of disease 6.0 (1.0/14.0) 6.0 (1.1/11.2) 1 0.94%
Socioeconomic characteristics
Living in a partnership (yes/no) 1117 9/20 7 0.51°¢
Level of education 7 0.88°
university entrance diploma 7 11
vocational diploma 2 2
level 1 certificate 14 12
certificate of secondary education 4 3
without 1 1
Current employment (yes/no) 7/21 7/22 7 0.94°¢
Unemployment during past 5 years (yes/no) 10/18 10/19 7 0.92°
Anorexia nervosa subtype 0 0.37°
restricting type 11 16
purging type 10 6
atypical anorexia nervosa 11 10
Statistical analyses: Normal distribution was determined by Kolmogorov-Smirnov test. Differences between groups:
@ Mann-Whitney-U-test, data expressed as median (25" percentile/75™ percentile)
P t-test, data expressed as mean + standard deviation
© x2-tests.
doi:10.1371/journal.pone.0132058.t001
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Fig 1. GAD-7, PHQ-9, PSQ-20 and EDI-2 scores and plasma NUCB2/nesfatin-1 levels in anorexic
patients. Patients with high anxiety displayed significantly higher NUCB2/nesfatin-1 levels compared to those
with low anxiety (A). This resulted in a positive correlation of NUCB2/nesfatin-1 with anxiety in the whole
anorexic patient sample (B), whereas depression scores (C), perceived stress scores (D) and eating disorder
symptoms (E) did not correlate with plasma NUCB2/nesfatin-1. Differences between groups were calculated
using t-tests. Data are expressed as mean * standard deviation. * p < 0.05. Distribution of the data was
determined by Kolmogorov-Smimnov test. Correlations were determined by Pearson’s or Spearman’s analyses
depending on the distribution of the data. Values for r and p are indicated in the graph. Abbreviations: EDI-2,
eating disorder inventory; GAD-7, general anxiety disorder questionnaire; NUCB2, nucleobindin2; PHQ-9,
patient health questionnaire depression; PSQ-20, perceived stress questionnaire.

doi:10.1371/journal.pone.0132058.g001

correlation of NUCB2/nesfatin-1 with GAD-7-scores in the whole study sample when treated
as a continuous variable (r = 0.32, p = 0.04; Fig 1B). No correlations were observed for NUCB2/
nesfatin-1 with age (r = 0.02, p = 0.89) or BMI (r = 0.06, p = 0.70; Table 2).

As expected, the high anxiety group also showed a higher depression score (PHQ-9, +83%,
p < 0.001; Fig 2A), perceived stress total score (PSQ-20, +51%, p < 0.001; Fig 2B) and higher
scores on the PSQ-20 subscales “worries” (+66%, p < 0.001; Fig 2C), “tension” (+42%,
P < 0.001; Fig 2D), and “demands” (+74%, p < 0.001; Fig 2E) and lower scores on the “joy”
subscale (-47%, p < 0.001; Fig 2F) compared to the low anxiety group. However, no correla-
tions were detected between NUCB2/nesfatin-1 and depression (PHQ-9 score; r = -0.12,
p = 0.52; Fig 1C), perceived stress (PSQ-20 total score; r = 0.05, p = 0.75; Fig 1D) as well as all
PSQ-20-subscales (Table 2).
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Table 2. Correlation of NUCB2/nesfatin-1 plasma levels with demographic and psychometric parame-
ters of the anorexia nervosa study population (n = 64).

Parameter r p
Age 0.02 0.89
Body mass index (kg/m?) 0.06 0.70
GAD-7 score 0.32 0.04
PHQ-9 score -0.12 0.52
PSQ-20 total score 0.05 0.75
worries -0.09 0.61
tension 0.14 0.40
demands -0.03 0.86
joy -0.16 0.33
EDI-2 total score -0.14 0.51
drive for thinness -0.19 0.35
bulimia -0.12 0.55
body dissatisfaction -0.01 0.97
perfectionism -0.22 0.28
interpersonal distrust -0.02 0.94
ineffectiveness -0.18 0.38
interoceptive awareness 0.05 0.80
maturity fears -0.11 0.61

Statistical analysis: Normal distribution was determined by Kolmogorov-Smirnov test. Correlation analysis
was conducted by Pearson’s or Spearman’s analysis, respectively. Significant correlations are displayed in
bold. Abbreviations: EDI-2, eating disorder inventory; GAD-7, general anxiety disorder questionnaire;
NUCB?2, nucleobindin2; PHQ-9, patient health questionnaire depression; PSQ-20, perceived stress
questionnaire.

doi:10.1371/journal.pone.0132058.t002

Circulating NUCB2/nesfatin-1 levels are not associated with eating
disorder symptoms in anorexic patients

Patients with high anxiety levels exhibited higher scores on the EDI-2 total score compared to
the low anxiety group (+30%, p = 0.01; Fig 3A). This resulted from their higher scores on the
EDI-2 subscales “perfectionism” (+40%, p = 0.009; Fig 3E), “ineffectiveness” (+36%, p = 0.03;
Fig 3G) and “interoceptive awareness” (+68%, p < 0.001; Fig 3H), while no significant
differences were observed for the subscales “drive for thinness” (p = 0.18; Fig 3B), “bulimia”

(p = 0.70; Fig 3C), “body dissatisfaction” (p = 0.12; Fig 3D), “interpersonal distrust” (p = 0.09;
Fig 3F), and “maturity fears” (p = 0.96; Fig 3I). However, no correlations were detected between
circulating NUCB2/nesfatin-1 levels and the EDI-2 total score (r = -0.14, p = 0.51; Fig 1E) or all
subscale scores in the population of anorexic patients (Table 2).

Circulating NUCB2/nesfatin-1 levels tend to be higher in normal weight
compared to anorexic patients and to correlate positively with anxiety,
depression, perceived stress and eating disorder symptoms in normal
weight patients

In a small sample we compared circulating NUCB2/nesfatin-1 levels of 10 anorexia nervosa

patients with a sample of 10 normal weight subjects matched for sex, age and anxiety scores.
The socioeconomic characteristics of the anorexia nervosa and the normal weight patient
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Fig 2. PHQ-9 and PSQ-20 scores of anorexic patients with low versus high anxiety. Patients with high
anxiety scores displayed higher total scores in PHQ-9 (A) and PSQ-20 (B). Similarly, the PSQ-20 subscales
differed between the two groups with higher scores for “worries” (C), “tension” (D) and “demands” (E) and
lower scores for “joy” (F) in the high versus low anxiety group. Differences between groups were calculated
using t-tests. Data are expressed as mean + standard deviation. *** p < 0.001. Abbreviations: PHQ-9,
patient health questionnaire; PSQ-20, perceived stress questionnaire.

doi:10.1371/journal.pone.0132058.9002

populations are described in S2 Table. The main and secondary diagnoses and the duration of
disease in matched normal weight and anorexia nervosa patients are shown in S3 Table.
Normal weight patients displayed about twofold higher NUCB2/nesfatin-1 levels compared
to matched anorexia nervosa patients (0.393 + 0.368 vs. 0.156 + 0.09 ng/ml; Fig A in S1 File).
However, this result only tended to be significant (p = 0.08). In the normal weight patient sub-
group, NUCB2/nesfatin-1 also showed the tendency towards a correlation with GAD-7 scores,
but also missed significance (r = 0.64; p = 0.06; Fig B in S1 File). Strong positive correlations
were observed for NUCB2/nesfatin-1 and PHQ-9 (r = 0.70; p = 0.03; Fig C in S1 File), PSQ-20
(r=0.78; p < 0.01; Fig D in S1 File), and EDI-2 (r = 0.79; p = 0.03; Fig E in S1 File) scores.
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Fig 3. EDI-2 scores of anorexic patients with low versus high anxiety. Patients with high anxiety scores
displayed a higher EDI-2 total score (A) and higher values of the subscales “perfectionism” (E), “ineffectiveness”
(G) and “interoceptive awareness” (H) compared to those with low anxiety, while the subscales “drive for
thinness” (B), “bulimia” (C), “body dissatisfaction” (D), “interpersonal distrust” (F) and “maturity fears” (I) did not
differ between the two groups. Differences between groups were calculated using t-tests. Data are expressed
as mean * standard deviation. * p < 0.05, ** p <0.01 and *** p < 0.001. Abbreviations: EDI-2, eating disorder
inventory.

doi:10.1371/journal.pone.0132058.g003

Discussion

Nesfatin-1 has been implicated in the regulation of satiety and body weight [44]. Early on, the
involvement of NUCB2/nesfatin-1 was also shown in the stress response of rodents and more
recently also an implication of NUCB2/nesfatin-1 in the regulation of anxiety and depression
in humans was described [20]. In the present study we evaluated the association between circu-
lating NUCB2/nesfatin-1 and anxiety in anorexia nervosa. As hypothesized, we observed sig-
nificantly higher NUCB2/nesfatin-1 plasma levels in female anorexic patients displaying high
anxiety scores compared with those exhibiting low anxiety scores which resulted in a positive
correlation of NUCB2/nesfatin-1 with anxiety scores. However, no correlations were detected
for NUCB2/nesfatin-1 with perceived stress, depression and eating disorder-related behaviors,
attitudes and cognitions.

The result of a positive association of NUCB2/nesfatin-1 with anxiety is in line with our pre-
vious finding in female obese patients showing higher levels of NUCB2/nesfatin-1 in subjects
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with increased anxiety which was also reflected in a strong correlation of NUCB2/nesfatin-1
with anxiety scores [19]. In addition, these data corroborate preclinical findings of a link
between nesfatin-1 and anxiety as well as stress-induced anxiety-like behavior in rodents [21-
24]. Interestingly, one recent human study detected decreased NUCB2/nesfatin-1 plasma levels
in male patients with the diagnosis of a generalized anxiety disorder compared to healthy con-
trols [26] which could point towards a sex-specific regulation of NUCB2/nesfatin-1. This con-
cept was also proposed in a study investigating brain NUCB2 expression in depressed suicide
victims compared to controls who did not die as a consequence of neuropsychiatric disorders.
While male subjects had higher midbrain NUCB2 mRNA levels compared to controls, in
females an inverse relationship was described [6]. This would suggest an inverse expression of
central and peripheral NUCB2/nesfatin-1 in males and females under conditions of anxiety
and depression which warrants further research to investigate this possible sex-specific effect.

In light of the proximity of the psychological constructs of depression and anxiety we also
expected a positive association of NUCB2/nesfatin-1 and depression in the present study popu-
lation. One study reported a positive correlation of plasma NUCB2/nesfatin-1 with depression
(measured by Hamilton Depression Rating Scale, HAM-D) in a mixed-sex population of
patients diagnosed with major depressive disorder and a healthy control group [25]. In addi-
tion, we recently described a positive association of NUCB2/nesfatin-1 with depression (mea-
sured by PHQ-9) in obese women [19]. However, in the present population of female subjects
with anorexia nervosa we did not observe a correlation of NUCB2/nesfatin-1 with depression
as indicated by PHQ-9. Moreover, an association of circulating NUCB2/nesfatin-1 with per-
ceived stress, a finding reported before in obese women [19], was also absent in the current
study population. Besides the fact that the above mentioned sex-specific effects might have
contributed to these differential results, the psychometric mean of assessment of depression
could also influence the observed outcome. Although HAM-D and PHQ-9 both measure and
quantify depression, they may determine different aspects since the HAM-D is an external
while the PHQ-9 is a self-assessment questionnaire [45, 46]. However, most likely these differ-
ential results in obese versus anorexic patients are due to a stronger association of NUCB2/
nesfatin-1 with anxiety than depression or perceived stress that emerges when NUCB2/nesfa-
tin-1 plasma levels are overall low as observed in the present anorexic population (0.22 £ 0.19
ng/ml) compared to obese women (0.40 + 0.13 ng/ml) [19].

Nesfatin-1 is a well-established anorexigenic hormone in rodents and NUCB2/nesfatin-1
blood levels were reported to be reduced in patients with restricting-type anorexia nervosa [13]
suggesting an implication of this peptide in the onset, course or maintenance of the disease.
However, no further studies in anorexic subjects were conducted to date. Moreover, until now
studies are lacking that investigate the relationship between NUCB2/nesfatin-1 and behaviors,
cognitions or attitudes in eating disorders. In the present study, we did not detect an associa-
tion of circulating NUCB2/nesfatin-1 with the total score of EDI-2 or its subscales in subjects
with anorexia nervosa. Thus, NUCB2/nesfatin-1 does not seem to be involved in the specifi-
cally pathological eating behavior displayed by anorexic patients. However, in light of the cor-
relation of NUCB2/nesfatin-1 with anxiety one might hypothesize that NUCB2/nesfatin-1 is
primarily involved in the mediation of anxiety symptoms and subsequently influences food
intake, potentially contributing to worse outcomes in a very anxious subgroup of anorexia ner-
vosa patients.

Early on, a positive association of circulating NUCB2/nesfatin-1 and BMI has been reported
in normal weight to obese [7] and normal weight study populations [14]. In line with these
data, anorexic subjects were reported in one study to have lower NUCB2/nesfatin-1 levels com-
pared to healthy controls [13]. However, in the present study we did not observe an association
of NUCB2/nesfatin-1 with BMI in anorexic patients. This is most likely due to the low BMI
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spectrum investigated ranging from 9 to 19 kg/m? and overall very low NUCB2/nesfatin-1
plasma levels. Interestingly, also recent studies challenged the initially described positive asso-
ciation of NUCB2/nesfatin-1 and BMI by reporting a negative correlation in normal weight to
low grade obese subjects [15-18], or a lacking correlation in a very obese population [19]. In
light of the emerging evidence on the association between NUCB2/nesfatin-1 and anxiety these
inconsistent findings might be likely due to confounding factors such as anxiety which have
not been assessed in these studies.

In the small sample of normal weight patients NUBC2/nesfatin-1 showed a tendency
towards a correlation with anxiety scores, however, without reaching statistical significance.
These significances were reached with positive correlations between NUCB2/nesfatin-1 and
depression, perceived stress and eating disorder symptoms giving rise to a regulation of
NUCB2/nesfatin-1 in a similar manner compared to anorexia nervosa. Normal weight patients
also displayed a tendency towards a significant difference with markedly higher NUCB2/nesfa-
tin-1 levels compared to anorexic patients which may be due to the influence of the higher
body weight compared to anorexia nervosa. The narrowly missed significances may be due to
the small group size. Future studies with larger sample sizes are warranted to investigate possi-
ble differences in the regulation of NUCB2/nesfatin-1 with regards to anxiety, depression, per-
ceived stress, and eating disorder symptoms in normal weight patients.

Several limitations have to be considered when interpreting these data. First, we did not
investigate NUCB2/nesfatin-1 in its association with nosological diagnoses as generalized
anxiety disorder or major depressive disorder and did not provide a standardized diagnostic
assessment. However, one has to take into account that most likely it is not the diagnostic
classification but rather the individually perceived burden of symptoms as anxiousness, depres-
siveness, perceived stress or eating disorder symptoms such as “body dissatisfaction” or “inef-
fectiveness that might be associated with altered hormone levels. In this context, constructs like
anxiousness or depressiveness most likely are better operationalized as continuous rather than
categorial variables. Nevertheless, as mentioned above the psychometric instruments used in
this study are self-assessment questionnaires which might be affected by inaccurate self-report-
ing caused by recall bias, social desirability or difficulties in self-observation. However, these
questionnaires are well validated and suitable for bedside application for the measurement of
perceived burden of symptoms in naturalistic study designs. Second, we did not employ a
healthy control group. However, it was not our main aim to compare NUCB2/nesfatin-1 levels
of healthy controls with anorexic subjects but to investigate whether NUCB2/nesfatin-1 shows
a positive correlation with anxiety also in female anorexic subjects. Third, due to the rather
small sample sizes we potentially were not able to detect associations between peripheral
NUCB2/nesfatin-1 levels and scores of PHQ-9, PSQ-20 and EDI-2. This warrants further
examination in future studies. Finally, circulating NUCB2/nesfatin-1 levels might be affected
by circadian variations and all variables studied in the present investigation are known to be
affected by several other influencing factors. However, considering all relevant confounding
variables would require larger study populations and a measurement of a broad variety of
items which is beyond the scope of the current first study. This should be addressed in future
studies using multiple regression analysis models.

Conclusions

As the main finding supporting the initial hypothesis we observed a significant correlation of

NUCB2/nesfatin-1 with anxiety in a population of anorexic patients. Unexpectedly, no associa-
tion was found for NUCB2/nesfatin-1 with depression and perceived stress, giving rise to a pre-
dominant link of NUCB2/nesfatin-1 with anxiety and anxiety-like behaviors. Longitudinal and
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interventional studies in different populations are needed in order to further investigate
NUCB2/nesfatin-1’s implication in the regulation of anxiety and the causal direction of this
interrelation. In addition, we exploratively did not observe an association of NUCB2/nesfatin-1
with eating disorder symptoms as measured by the EDI-2 making NUCB2/nesfatin-1 unlikely
to be directly involved in eating disorder pathology in anorexia nervosa.

In synopsis with the existing literature we therefore hypothesize that NUCB2/nesfatin-1
might be primarily involved in the mediation of anxiety and that its well-described influence
on food intake and body weight is independent from disordered eating — at least in patients
with anorexia nervosa. However, due to the anorexigenic properties of NUCB2/nesfatin-1
more anxious anorexic patients might be at greater risk for unfavorable outcomes than those
with lower tendency to anxiousness.

Supporting Information

S1 File. GAD-7, PHQ-9, PSQ-20 and EDI-2 scores and plasma NUCB2/nesfatin-1 levels in
normal weight patients. Normal weight patients tended to display higher NUCB2/nesfatin-1
levels compared to anorexic patients (Fig A). Normal weight patients showed a positive corre-
lation of NUCB2/nesfatin-1 with anxiety scores (Fig B), depression scores (Fig C), perceived
stress scores (Fig D) and eating disorder symptoms (Fig E). Differences between groups were
calculated using the t-test. Data are expressed as mean + standard deviation. Distribution of
the data was determined by the Kolmogorov-Smirnov test. Correlations were determined by
Pearson’s or Spearman’s analyses depending on the distribution of the data. Values for r and p
are indicated in the graph. Abbreviations: EDI-2, eating disorder inventory; GAD-7, general
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(PDF)

S1 Table. Comorbidities and additional laboratory analyses in anorexia nervosa patients.
(PDF)

$2 Table. Demographic and socioeconomic characteristics of the matched normal weight
and anorexia nervosa patients.
(PDF)

§3 Table. Main diagnoses of normal weight patients, duration of disease and comorbidities
of matched normal weight and anorexia nervosa patients.
(PDF)

Acknowledgments

We thank our head nurses Karin Johansson and Christina Hentzschel for their help with orga-
nization and realization of clinical measurements and blood withdrawals as well as Petra Buf3e
and Reinhard Lommel for their laboratory work, and lastly Florian Bruckbauer and Friederice
Schréder for data collection and updating and maintaining the database.

Author Contributions

Conceived and designed the experiments: TH BFK AS. Performed the experiments: TH AS.
Analyzed the data: TH AS. Contributed reagents/materials/analysis tools: TH AS. Wrote the
paper: TH AA UE MR BFK AS.

PLOS ONE | DOI:10.1371/journal.pone.0132058 July 10,2015 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132058.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132058.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132058.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132058.s004

@’PLOS ‘ ONE

Nesfatin-1 and Anxiety in Anorexia Nervosa

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Oh-1 S, Shimizu H, Satoh T, Okada S, Adachi S, Inoue K, et al. Identification of nesfatin-1 as a satiety
molecule in the hypothalamus. Nature. 2006; 443(7112):709-712. PMID: 17036007

Shimizu H, Oh-l S, Hashimoto K, Nakata M, Yamamoto S, Yoshida N, et al. Peripheral administration of
nesfatin-1 reduces food intake in mice: the leptin-independent mechanism. Endocrinology. 2009; 150
(2):662—671. doi: 10.1210/en.2008-0598 PMID: 19176321

Brailoiu GC, Dun SL, Brailoiu E, Inan S, Yang J, Chang JK, et al. Nesfatin-1: distribution and interaction
with a G protein-coupled receptor in the rat brain. Endocrinology. 2007; 148(10):5088-5094. PMID:
17627999

Foo KS, Brismar H, Broberger C. Distribution and neuropeptide coexistence of nucleobindin-2 mRNA/
nesfatin-like immunoreactivity in the rat CNS. Neuroscience. 2008; 156(3):563-579. doi: 10.1016/j.
neuroscience.2008.07.054 PMID: 18761059

Goebel M, Stengel A, Wang L, Lambrecht NW, Taché Y. Nesfatin-1 immunoreactivity in rat brain and
spinal cord autonomic nuclei. Neurosci. Lett. 2009; 452(3):241-246. doi: 10.1016/j.neulet.2009.01.064
PMID: 19348732

Bloem B, Xu L, Morava E, Faludi G, Palkovits M, Roubos EW, et al. Sex-specific differences in the
dynamics of cocaine- and amphetamine-regulated transcript and nesfatin-1 expressions in the midbrain
of depressed suicide victims vs. controls. Neuropharmacology. 2012; 62(1):297-303. doi: 10.1016/j.
neuropharm.2011.07.023 PMID: 21803054

Ramanjaneya M, Chen J, Brown JE, Tripathi G, Hallschmid M, Patel S, et al. Identification of nesfatin-1
in human and murine adipose tissue: a novel depot-specific adipokine with increased levels in obesity.
Endocrinology. 2010; 151(7):3169-3180. doi: 10.1210/en.2009-1358 PMID: 20427481

Gonzalez R, Tiwari A and Unniappan S. Pancreatic beta cells colocalize insulin and pronesfatin immu-
noreactivity in rodents. Biochem. Biophys. Res. Commun. 2009; 381(4):643-648. doi: 10.1016/j.bbrc.
2009.02.104 PMID: 19248766

Foo KS, Brauner H, Ostenson CG, Broberger C. Nucleobindin-2/nesfatin in the endocrine pancreas:
distribution and relationship to glycaemic state. J. Endocrinol. 2010; 204(3):255-263. doi: 10.1677/
JOE-09-0254 PMID: 20032201

Stengel A, Goebel M, Yakubov |, Wang L, Witcher D, Coskun T, et al. Identification and characterization
of nesfatin-1 immunoreactivity in endocrine cell types of the rat gastric oxyntic mucosa. Endocrinology.
2009; 150(1):232—-238. doi: 10.1210/en.2008-0747 PMID: 18818289

Stengel A, Hofmann T, Goebel-Stengel M, Lembke V, Ahnis A, Elbelt U, et al. Ghrelin and NUCB2/nes-
fatin-1 are expressed in the same gastric cell and differentially correlated with body mass index in
obese subjects. Histochem. Cell. Biol. 2013; 139(6):909-918. doi: 10.1007/s00418-013-1087-8 PMID:
23515787

Stengel A and Taché Y. Role of NUCB2/Nesfatin-1 in the hypothalamic control of energy homeostasis.
Horm. Metab. Res. 2013; 45(13):975-979. doi: 10.1055/s-0033-1351324 PMID: 24048879

Ogiso K, Asakawa A, Amitani H, Nakahara T, Ushikai M, Haruta |, et al. Plasma nesfatin-1 concentra-
tions in restricting-type anorexia nervosa. Peptides. 2011; 32(1):150-153. doi: 10.1016/j.peptides.
2010.10.004 PMID: 20937336

Saldanha JF, Carrero JJ, Lobo JC, Stockler-Pinto MB, Leal VO, Calixto A, et al. The newly identified
anorexigenic adipokine nesfatin-1 in hemodialysis patients: Are there associations with food intake,
body composition and inflammation? Regul. Pept. 2012; 173(1-3):82-85. doi: 10.1016/j.regpep.2011.
09.010 PMID: 22036920

Tsuchiya T, Shimizu H, Yamada M, Osaki A, Oh-I S, Ariyama Y, et al. Fasting concentrations of nesfa-
tin-1 are negatively correlated with body mass index in non-obese males. Clin. Endocrinol. (Oxf). 2010;
73(4):484—490.

Abaci A, Catli G, Anik A, Kume T, Bober E. The relation of serum nesfatin-1 level with metabolic and
clinical parameters in obese and healthy children. Pediatr. Diabetes. 2013; 14(3):189-195. doi: 10.
1111/pedi.12009 PMID: 23346951

Basar O, Akbal E, Koklu S, Kocak E, Tuna Y, Ekiz F, et al. A novel appetite peptide, nesfatin-1in
patients with non-alcoholic fatty liver disease. Scand. J. Clin. Lab. Invest. 2012; 72(6):479-483. doi: 10.
3109/00365513.2012.699097 PMID: 22950627

Guo 'Y, Xing M, Sun W, Yuan X, Dai H, Ding H. Plasma nesfatin-1 level in obese patients after acupunc-
ture: a randomised controlled trial. Acupunct. Med. 2014; 32(4):313-317. doi: 10.1136/acupmed-2014-
010530 PMID: 24813558

Hofmann T, Stengel A, Ahnis A, Busse P, Elbelt U, Klapp BF. NUCB2/nesfatin-1 is associated with ele-
vated scores of anxiety in female obese patients. Psychoneuroendocrinology. 2013; 38(11):2502—
2510. doi: 10.1016/j.psyneuen.2013.05.013 PMID: 23796625

PLOS ONE | DOI:10.1371/journal.pone.0132058 July 10,2015 13/15


http://www.ncbi.nlm.nih.gov/pubmed/17036007
http://dx.doi.org/10.1210/en.2008-0598
http://www.ncbi.nlm.nih.gov/pubmed/19176321
http://www.ncbi.nlm.nih.gov/pubmed/17627999
http://dx.doi.org/10.1016/j.neuroscience.2008.07.054
http://dx.doi.org/10.1016/j.neuroscience.2008.07.054
http://www.ncbi.nlm.nih.gov/pubmed/18761059
http://dx.doi.org/10.1016/j.neulet.2009.01.064
http://www.ncbi.nlm.nih.gov/pubmed/19348732
http://dx.doi.org/10.1016/j.neuropharm.2011.07.023
http://dx.doi.org/10.1016/j.neuropharm.2011.07.023
http://www.ncbi.nlm.nih.gov/pubmed/21803054
http://dx.doi.org/10.1210/en.2009-1358
http://www.ncbi.nlm.nih.gov/pubmed/20427481
http://dx.doi.org/10.1016/j.bbrc.2009.02.104
http://dx.doi.org/10.1016/j.bbrc.2009.02.104
http://www.ncbi.nlm.nih.gov/pubmed/19248766
http://dx.doi.org/10.1677/JOE-09-0254
http://dx.doi.org/10.1677/JOE-09-0254
http://www.ncbi.nlm.nih.gov/pubmed/20032201
http://dx.doi.org/10.1210/en.2008-0747
http://www.ncbi.nlm.nih.gov/pubmed/18818289
http://dx.doi.org/10.1007/s00418-013-1087-8
http://www.ncbi.nlm.nih.gov/pubmed/23515787
http://dx.doi.org/10.1055/s-0033-1351324
http://www.ncbi.nlm.nih.gov/pubmed/24048879
http://dx.doi.org/10.1016/j.peptides.2010.10.004
http://dx.doi.org/10.1016/j.peptides.2010.10.004
http://www.ncbi.nlm.nih.gov/pubmed/20937336
http://dx.doi.org/10.1016/j.regpep.2011.09.010
http://dx.doi.org/10.1016/j.regpep.2011.09.010
http://www.ncbi.nlm.nih.gov/pubmed/22036920
http://dx.doi.org/10.1111/pedi.12009
http://dx.doi.org/10.1111/pedi.12009
http://www.ncbi.nlm.nih.gov/pubmed/23346951
http://dx.doi.org/10.3109/00365513.2012.699097
http://dx.doi.org/10.3109/00365513.2012.699097
http://www.ncbi.nlm.nih.gov/pubmed/22950627
http://dx.doi.org/10.1136/acupmed-2014-010530
http://dx.doi.org/10.1136/acupmed-2014-010530
http://www.ncbi.nlm.nih.gov/pubmed/24813558
http://dx.doi.org/10.1016/j.psyneuen.2013.05.013
http://www.ncbi.nlm.nih.gov/pubmed/23796625

@’PLOS ‘ ONE

Nesfatin-1 and Anxiety in Anorexia Nervosa

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

Emmerzaal TL, Kozicz T. Nesfatin-1; implication in stress and stress-associated anxiety and depres-
sion. Curr. Pharm. Des. 2013; 19(39):6941-6948. PMID: 23537084

Merali Z, Cayer C, Kent P, Anisman H. Nesfatin-1 increases anxiety- and fear-related behaviors in the
rat. Psychopharmacology (Berl). 2008; 201(1):115-123.

Goebel M, Stengel A, Wang L, Taché Y. Restraint stress activates nesfatin-1-immunoreactive brain
nuclei in rats. Brain. Res. 2009; 1300:114—124. doi: 10.1016/j.brainres.2009.08.082 PMID: 19733157

Okere B, Xu L, Roubos EW, Sonetti D, Kozicz T. Restraint stress alters the secretory activity of neurons
co-expressing urocortin-1, cocaine- and amphetamine-regulated transcript peptide and nesfatin-1 in
the mouse Edinger-Westphal nucleus. Brain. Res. 2010; 1317:92-99. doi: 10.1016/j.brainres.2009.12.
053 PMID: 20043894

Yoshida N, Maejima Y, Sedbazar U, Ando A, Kurita H, Damdindorj B, et al. Stressor-responsive central
nesfatin-1 activates corticotropin-releasing hormone, noradrenaline and serotonin neurons and evokes
hypothalamic-pituitary-adrenal axis. Aging (Albany NY). 2010; 2(11):775-784.

Ari M, Ozturk OH, Bez Y, Oktar S, Erduran D. High plasma nesfatin-1 level in patients with major
depressive disorder. Prog Neuropsychopharmacol Biol. Psychiatry. 2011; 35(2):497-500. doi: 10.
1016/).pnpbp.2010.12.004 PMID: 21163317

Gunay H, Tutuncu R, Aydin S, Dag E, Abasli D. Decreased plasma nesfatin-1 levels in patients with
generalized anxiety disorder. Psychoneuroendocrinology. 2012; 37(12):1949—-1953. doi: 10.1016/j.
psyneuen.2012.04.007 PMID: 22595767

Godart N, Berthoz S, Rein Z, Perdereau F, Lang F, Venisse JL, et al. Does the frequency of anxiety and
depressive disorders differ between diagnostic subtypes of anorexia nervosa and bulimia? Int. J. Eat.
Disord. 2006; 39(8):772—778. PMID: 16721840

Godart NT, Flament MF, Lecrubier Y, Jeammet P. Anxiety disorders in anorexia nervosa and bulimia
nervosa: co-morbidity and chronology of appearance. Eur. Psychiatry. 2000; 15(1):38—45. PMID:
10713801

Kaye WH, Bulik CM, Thornton L, Barbarich N, Masters K. Comorbidity of anxiety disorders with
anorexia and bulimia nervosa. Am. J. Psychiatry. 2004; 161(12):2215-2221. PMID: 15569892

Keel PK, Klump KL, Miller KB, McGue M, lacono WG. Shared transmission of eating disorders and anx-
iety disorders. Int. J. Eat. Disord. 2005; 38(2):99-105. PMID: 16134107

WorldHealthOrganization. International Statistical Classification of Diseases and Related Health Prob-
lems, 10th Revision (ICD-10). New York, NY World Health Organization; 2008.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edi-
tion, Text Revision (DSM-IV-TR). Washington, DC: American Psychiatric Publishing; 2000.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5). Washington, DC: American Psychiatric Publishing; 2013.

Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: the
PHQ primary care study. Primary Care Evaluation of Mental Disorders. Patient Health Questionnaire.
JAMA. 1999; 282(18):1737—1744. PMID: 10568646

Spitzer RL, Kroenke K, Williams JB, Léwe B. A brief measure for assessing generalized anxiety disor-
der: the GAD-7. Arch. Intern. Med. 2006; 166(10):1092-1097. PMID: 16717171

Léwe B, Decker O, Muller S, Brahler E, Schellberg D, Herzog W, et al. Validation and standardization of
the Generalized Anxiety Disorder Screener (GAD-7) in the general population. Med. Care. 2008; 46
(3):266—274. doi: 10.1097/MLR.0b013e318160d093 PMID: 18388841

Léwe B, Spitzer R, Zipfel S, Herzog W. Gesundheitsfragebogen fir Patienten (PHQ-D). Manual und
Testunterlagen. 2. Auflage (PRIME MD Patient Health Questionnaire (PHQ)—German version. Manual
and materials, 2nd ed)2002.

Gilbody S, Richards D, Brealey S, Hewitt C. Screening for depression in medical settings with the
Patient Health Questionnaire (PHQ): a diagnostic meta-analysis. J. Gen. Intern. Med. 2007; 22
(11):1596-1602. PMID: 17874169

Levenstein S, Prantera C, Varvo V, Scribano ML, Berto E, Luzi C, et al. Development of the Perceived
Stress Questionnaire: a new tool for psychosomatic research. J. Psychosom. Res. 1993; 37(1):19-32.
PMID: 8421257

Fliege H, Rose M, Arck P, Walter OB, Kocalevent RD, Weber C, et al. The Perceived Stress Question-
naire (PSQ) reconsidered: validation and reference values from different clinical and healthy adult sam-
ples. Psychosom. Med. 2005; 67(1):78-88. PMID: 15673628

Garner DM, Olmstead MP, Polivy J. Development and validation of a multidimensional eating disorder
inventory for anorexia nervosa and bulimia. Int. J. Eat. Disord. 1983; 2(2):15-34.

PLOS ONE | DOI:10.1371/journal.pone.0132058 July 10,2015 14/15


http://www.ncbi.nlm.nih.gov/pubmed/23537084
http://dx.doi.org/10.1016/j.brainres.2009.08.082
http://www.ncbi.nlm.nih.gov/pubmed/19733157
http://dx.doi.org/10.1016/j.brainres.2009.12.053
http://dx.doi.org/10.1016/j.brainres.2009.12.053
http://www.ncbi.nlm.nih.gov/pubmed/20043894
http://dx.doi.org/10.1016/j.pnpbp.2010.12.004
http://dx.doi.org/10.1016/j.pnpbp.2010.12.004
http://www.ncbi.nlm.nih.gov/pubmed/21163317
http://dx.doi.org/10.1016/j.psyneuen.2012.04.007
http://dx.doi.org/10.1016/j.psyneuen.2012.04.007
http://www.ncbi.nlm.nih.gov/pubmed/22595767
http://www.ncbi.nlm.nih.gov/pubmed/16721840
http://www.ncbi.nlm.nih.gov/pubmed/10713801
http://www.ncbi.nlm.nih.gov/pubmed/15569892
http://www.ncbi.nlm.nih.gov/pubmed/16134107
http://www.ncbi.nlm.nih.gov/pubmed/10568646
http://www.ncbi.nlm.nih.gov/pubmed/16717171
http://dx.doi.org/10.1097/MLR.0b013e318160d093
http://www.ncbi.nlm.nih.gov/pubmed/18388841
http://www.ncbi.nlm.nih.gov/pubmed/17874169
http://www.ncbi.nlm.nih.gov/pubmed/8421257
http://www.ncbi.nlm.nih.gov/pubmed/15673628

@’PLOS ‘ ONE

Nesfatin-1 and Anxiety in Anorexia Nervosa

42,

43.

44.

45.

46.

Thiel A, Jacobi C, Horstmann S, Paul T, Nutzinger DO, Schussler G. [A German version of the Eating
Disorder Inventory EDI-2]. Psychother. Psychosom. Med. Psychol. 1997; 47(9—10):365-376. PMID:
9411465

Garner DM. EDI-2. Eating disorder inventory-2. Professional manual. Odessa, FL: Psychological
Assessment Resources; 1991.

Stengel A, Mori M, Taché Y. The role of nesfatin-1 in the regulation of food intake and body weight:
recent developments and future endeavors. Obes. Rev. 2013; 14(11):859-870. doi: 10.1111/obr.
12063 PMID: 23980879

Wittkampf K, van Ravesteijn H, Baas K, van de Hoogen H, Schene A, Bindels P, et al. The accuracy of
Patient Health Questionnaire-9 in detecting depression and measuring depression severity in high-risk
groups in primary care. Gen. Hosp. Psychiatry. 2009; 31(5):451-459. doi: 10.1016/j.genhosppsych.
2009.06.001 PMID: 19703639

Kroenke K, Spitzer RL, Williams JB, Léwe B. The Patient Health Questionnaire Somatic, Anxiety, and
Depressive Symptom Scales: a systematic review. Gen. Hosp. Psychiatry. 2010; 32(4):345-359. doi:
10.1016/j.genhosppsych.2010.03.006 PMID: 20633738

PLOS ONE | DOI:10.1371/journal.pone.0132058 July 10,2015 15/15


http://www.ncbi.nlm.nih.gov/pubmed/9411465
http://dx.doi.org/10.1111/obr.12063
http://dx.doi.org/10.1111/obr.12063
http://www.ncbi.nlm.nih.gov/pubmed/23980879
http://dx.doi.org/10.1016/j.genhosppsych.2009.06.001
http://dx.doi.org/10.1016/j.genhosppsych.2009.06.001
http://www.ncbi.nlm.nih.gov/pubmed/19703639
http://dx.doi.org/10.1016/j.genhosppsych.2010.03.006
http://www.ncbi.nlm.nih.gov/pubmed/20633738

