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Abstract
objective: Patients with psychogenic non-epileptic seizures (PNES) may present with
convulsive events that are not accompanied by epileptiform brain activity. Videoelectroencephalography (EEG) monitoring is the gold standard for diagnosis, yet not all
patients experience convulsive episodes during video-EEG sessions. Hence, we aimed to
construct a predictive model in order to detect PNES from serum hormone levels, detached
from an evaluation of patients’ convulsive episodes. methods: Fifteen female patients with
PNES and 60 healthy female controls participated in the study, providing blood samples for
hormone analysis. A binomial logistic regression model and the leave-one-out crossvalidation were employed. results: We found that levels of neuropeptide Y and
adrenocorticotropic hormone were the optimal combination of predictors, with over 90%
accuracy (area under the curve = 0.980). conclusions: The ability to diagnose PNES
irrespective of convulsive events would represent an important step considering its feasibility
and affordability in daily clinical practice.

Significant outcomes
∙
∙

Serum levels of neuropeptide Y and adrenocorticotropin hormone allow the diagnosis
of patients with convulsive psychogenic non-epileptic seizures (PNES) versus healthy
individuals with over 90% accuracy.
Detaching the diagnosis of PNES from ictal events might be beneficial for the health
care system and patient care.

Limitations
∙
∙
∙

Patients with PNES were significantly older than controls.
Our sample size is small and composed only of women, and did not include PNES
patients with non-motor symptoms.
Patients with PNES were compared to healthy controls.

Introduction

© Scandinavian College of
Neuropsychopharmacology 2019.

Psychogenic non-epileptic seizures (PNES) resemble epileptic seizures, but without the
characteristic electrical brain activity associated with epilepsy. It is estimated that the condition of PNES is diagnosed in 20–30% of patients seeking treatment for epilepsy (1). Moreover,
in the general population the prevalence rate is 2–33 per 100 000, making PNES nearly as
prevalent as multiple sclerosis and Parkinson’s disease (2). The diagnosis of PNES is challenging because PNES and epileptic seizures share many similarities such as convulsions and/
or alterations in behaviour, writhing, flailing, and whole-body thrashing as well as asynchronous, complex, and bizarre motor movements with lateral head and body turning (2,3).
Hence, symptoms are often mistaken as signs of epilepsy, delaying the correct diagnosis for
7–10 years in some cases (4), thereby increasing the risk of exposure to medical treatments
associated with potentially harmful side-effects (5).
One biomarker of convulsive events is the decreased serum brain-derived neurotrophic
factor, which can be used to discriminate patients with either PNES or epilepsy from healthy
controls (6). Whereas, a specific biomarker of PNES that allows the differentiation of PNES
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from epilepsy is the absence of a post-ictal prolactin rise that
allows the correct classification of ~89% of patients (7). However,
this approach requires serial blood draw within 20 min of the
suspected event and its sensitivity varies with the type of seizure,
for example, tonic–clonic 60%, or complex partial 46% (8).
Alternatively, video-electroencephalography (EEG) monitoring is
the gold standard for diagnosis of seizures. Even though the
average accuracy of video-EEG is high, it requires specialised and
expensive equipment, and typically a neurologist to interpret the
results. For these reasons, video-EEG is not readily available at
many hospitals (4). Another disadvantage of video-EEG is that it
depends on capturing multiple convulsive episodes, increasing the
cost of assessment and often causing frustration for patients.
In our previous study we detected reduced neuropeptide Y
(NPY) levels in PNES patients (9). Plasma NPY levels are commonly used as a proxy for central NPY activity (10), and have been
shown to modulate responses to stressful situations (11) and suppress seizures (12). Several studies have found that PNES may be
associated with a history of stressful sexual and physical abuse
(3,9,13) that may disturb the proper functioning of the hypothalamic–pituitary–adrenal (HPA) axis. Relying on basal serum levels,
we have recently found an altered HPA activity in PNES, with
higher basal levels of adrenocorticotropic hormone (ACTH) and
lower cortisol levels (9). Baseline levels of ACTH, although related
to epileptic but not to PNES events (14), have been found higher at
baseline in PNES, and appear to depend on the severity of abuse (9).
In a similar way, cortisol levels are altered in response to abuse, yet
the PNES-literature is far from being conclusive (9,13).
In this study, using the same blood samples collected previously
(9), we present a predictive model to distinguish PNES patients
from healthy adults based on serum hormone levels in attempt to
detach the diagnostic procedure from convulsive episodes.

Materials and Methods
Participants
Our cohort consisted of 75 females of which 15 were patients
diagnosed with PNES (9). Patients (Mage = 37.67, SDage = 15.66)
were recruited from video-EEG logs at Loma Linda University
Medical Center (LLUMC). All were diagnosed with PNES using
video-EEG monitoring by an epileptologist and psychiatric evaluation (3). The control group of sixty healthy females (Mage =
22.07, SDage = 5.32) was randomly recruited from Scripps College
and Claremont Graduate University (CGU) through flyers posted
around the Claremont Colleges. Only women were tested because
they are more likely to report significant physical and sexual
abuse histories, and the incidence of PNES is threefold higher in
women (2,15,16) as reflected in our all-female index group. All
participants enrolled in the study completed a shortened version
of the Jacobs Neglect, Abandonment, and Abuse Protocol
(J-NAAP) (17) administered by a clinician to determine the
presence and severity of abuse/neglect. It assesses traumatic or
stressful life events such as loss or abandonment, serious neglect,
physical abuse, emotional abuse, and sexual abuse. Based on selfreported abuse scores, the 60 controls were further divided into
two groups: healthy controls (HC, N = 33, J-NAAP scores = 0),
and healthy controls that had experienced abuse (AC, N = 27,
J-NAAP scores > 0). Additional hormonal and psychological
descriptive statistics are reported in (9).
Exclusion criteria for both patients and healthy controls were
clinically significant suicidal ideation and psychotic features;
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substance abuse disorder [per Diagnostic and Statistical Manual
of Mental Disorders (4th edition) TR] within the past 6 months;
any current or past psychiatric disorder that could interfere with
diagnostic assessment or study adherence; treatment with psychoactive medications (other than mood stabilisers or Ambien);
clinically unstable medical conditions; clinically verified mixed
epileptic and non-epileptic seizures; treatment with an experimental drug or device within 60 days of study enrolment. None of
the participants were on anti-epileptic medication at the time of
the blood sampling. Only participants (PNES and controls) who
did not show any depressive tendency, according to an abridged
version of the Beck Depression Inventory (BDI) (18), were
included (i.e., BDI < 20). The study was approved by the Institutional Review Boards of LLUMC, CGU, and Scripps College. All
participants gave written informed consent before commencing
participation.
Serological measurements
Serum NPY, ACTH, cortisol, oxytocin (OXT), testosterone, prolactin, progesterone, and estradiol were collected between 6 pm and
8 pm, to control for diurnal variation. Blood was drawn from an
antecubital vein, using ethylenediaminetetraacetic acid whole-blood
tubes and a serum-separator tube using Vacutainer® (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA) blood collection kits. After phlebotomy, each tube was immediately stored on
ice. The tubes were then placed in a refrigerated centrifuge and spun
at 1500 rpm at 4°C for 12 min. Serum was drawn from these tubes
and placed into 2-ml polypropylene Fisherbrand screw cap with
O-ring microtubes. The microtubes were immediately placed on dry
ice and then transferred to a −70°C freezer until analysis. All tests
were performed at the Endocrine Core Laboratory of the Yerkes
National Primate Research Center at Emory University, Atlanta,
Georgia, USA, using radioimmuno and enzyme-linked immunosorbent assays. Commercial kits from American Laboratory Products Company, Windham, NH (NPY), DiaSorin Inc, Stillwater,
MN (ACTH), Diagnostic Systems Laboratories, Webster, TX (cortisol and PRL), Beckman Coulter, Webster, testosterone, Assay
Designs Inc, Ann Arbor, MI (OXT), Siemens (Formerly Diagnostic
Products Corp.), Los Angeles, CA (progesterone and estradiol),
were used. All inter-assay and intra-assay coefficients of variation
were within acceptable bounds (<15%).
Statistical analyses
The distribution of the hormone data was checked using QQplots and the Shapiro–Wilk test for normality. Since normality
was violated (Shapiro–Wilk Wrange for all raw hormones = 0.359–
0.938, median = 0.707), all hormone data were log transformed
(Wrange for all log hormones = 0.805–0.989, median = 0.939).
The probability of a participant being a PNES patient or a
healthy control was estimated using hormone measures as predictors in a binomial logistic prediction model. Predictors were
included in the model using stepwise-forward regressor selection
based on the lowest Akaike information criterion. Subjects with
PNES were defined as positives, while subjects without PNES were
defined as negatives. If the model estimated the probability of the
subject to have PNES to be at least 50%, then we predicted that
the subject had PNES, that is, to be a positive.
Sensitivity (i.e., the true positive rate), specificity (i.e., the true
negative rate), and accuracy (ACC) were then calculated from all
possible leave-one-out cross-validations (LOOCV) using traditional
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Table 1. Stepwise-forward regressor selection for classifying PNES and abuse
Logistic Model

LOOCV

ROC

AIC

R2

Sensitivity (%)

Specificity (%)

ACC (%)

AUC

NPY

42.171

0.360

66.7

87.9

81.2

0.871

Age; NPY, ACTH

19.777

0.785

59.3

80.0

87.5

0.982

NPY, ACTH, NPY  ACTH

21.842

0.747

88.9

93.3

90.5

0.980

Groups

Classification

Regressors

PNES vs. HC

PNES

PNES vs. AC

PNES

NPY, ACTH, NPY  ACTH

32.525

0.509

80.0

86.4

83.8

0.924

AC vs. HC

Abuse

ACTH

70.052

0.020

18.2

77.8

51.0

0.670

ACTH, NPY, NPY  ACTH

66.082

0.138

45.5

77.8

63.3

0.744

ACTH, NPY, NPY  ACTH; OXT

61.988

0.196

57.1

76.9

68.1

0.797

AC, abused controls; ACC, accuracy; AIC, Akaike information criterion; AUC, area under the curve; HC, healthy controls; LOOCV, leave-one-out cross-validation; PNES, Psychogenic nonepileptic seizures; ROC, receiver operating characteristic.
In bold, our final model (NPY, ACTH, NPY  ACTH, see formula in text).

formulae: sensitivity = classified true positives (TP) divided by all
real positives; specificity = classified true negatives (TN) divided by
all real negatives; ACC = the sum of TP and TN divided by the
whole sample. We estimated the model on the population of PNES
and HC. As a measure of the goodness of the binomial logistic
model in this setting, we calculated McFadden’s pseudo-R 2 for
logistic regression. In addition, the area under the curve (AUC) of
the receiver operating characteristic was also calculated as additional
performance metric in cross-validation methods (19).
Results
The stepwise-forward regressor selection extracted two independent
variables, NPY and ACTH. The first predictor selected for inclusion
was NPY, and the resulting predictive models yielded an ACC of
81.2% (specificity = 87.9%; sensitivity = 66.7%) and an AUC well
above chance (AUC = 0.871). The second additional predictor to be
included was ACTH (and its interaction with NPY). This increased
ACC to 90.5% (specificity = 93.3%; sensitivity = 88.9%) and the
AUC to 0.980. This model was able to explain 75% of the variance
(pseudo-R 2 = 0.747). When we included the third predictor, the
model started to show signs of overfitting (both the pseudo-R 2 and
the maximum likelihood were 1).
As age was significantly higher in PNES compared to both AC
and HC (ts > 3.61, ps < 0.002), we rerun the stepwise-forward
regressor selection including age as predictor. Beside age, NPY
was the first predictor found with an ACC of 85.1% (specificity = 90.6%; sensitivity = 73.3%) and an AUC of 0.962, explaining 58% of the variance. The second predictor was ACTH
(without interaction, which overfitted the model) with an ACC of
87.5% (specificity = 80.0%; sensitivity = 59.3%) and an AUC of
0.982 that explained 79% of the variance. The introduction of a
third predictor overfitted the model. With age included, ACC
dropped from 90.2% to 87.5%, sensitivity from 88.90% to 59.30%,
and specificity from 93.30% to 80.00%. Thus, our final model for
predicting PNES used only the predictors NPY, ACTH, and their
interaction:
Pðsubject has PNESÞ =
1
1 + expððβ0 + β1  NPY + β2  ACTH + β3  NPY  ACTHÞÞ
where β0 = 235:04, β1 = 49:62, β2 = 89:61, and β3 = 19:24.

Since history of abuse is often present in PNES, and it was
particularly severe in our PNES population, we tested this model
on the AC group to exclude that our classification was due to
abuse levels rather than PNES condition per se. If the model
estimated on HC correctly classifies AC individuals as non-PNES
patients, then we can infer that the same model is able to classify
PNES regardless of abuse. Our model estimated on PNES and HC
correctly classified 86.4% of the AC as non-PNES (ACC = 83.8%,
AUC = 0.924), suggesting that classification was not due to the
presence of abuse. In addition, to explore whether the same
hormones would have been able to predict abuse instead of PNES,
we ran the stepwise-forward regressor selection procedure on the
group AC and HC with the aim of classifying abuse instead of
PNES. The first regressor was ACTH, followed by NPY (interacting with ACTH) and OXT. These four regressors (ACTH,
NPY, their interaction, and OXT) accounted for 19.6% of the
variance with an ACC of 68.1% (AUC = 0.797). Summary of
results are presented in Table 1. Classification plots of PNES
versus HC and PNES versus AC are displayed in Fig. 1.

Discussion and conclusion
In attempt to detach the diagnostic procedure from convulsive
episodes, we successfully estimated a predictive model to distinguish PNES patients from healthy adults based on serum hormone levels. Our results confirm our previous findings (9),
specifically that basal NPY is a predictive factor for PNES, while
basal ACTH is moderately related to abuse. Whereas we only
showed group differences in the original work, we are now, using
the same study sample, able to apply our model (i.e., the interaction between NPY and ACTH) to the control group that had
experienced abuse, and correctly classified 86.4% of these abused
individuals as non-PNES cases. This means that although abuse is
commonly present among patients with PNES, our model discriminates individuals with PNES from healthy individuals with
or without a history of abuse. Further studies should be done with
the aim to distinguish epilepsy from PNES patients.
Clinical features are generally more specific than sensitive (20),
but no single feature is definitively diagnostic of PNES (4). In
video-EEG sensitivity is rarely above 50% and specificity is quite
high, often between 80% and 90% (4). A diagnostic procedure for
PNES detached from convulsive events might represent an
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Fig. 1. Classification scatter plot of non-log-transformed NPY against ACTH serum levels based on hormone measurements from PNES patients (represented by filled circles)
and healthy controls (represented by crosses) in the left image, as well as PNES patients and controls with abuse (represented by squares) in the right image. The dashed line
represents the 50% probability of being classified as either PNES or healthy (left) or abused (right) controls. The shadowed areas include the data points classified as PNES.
Circles outside the shadowed area are false negatives, crosses and squares within the shadowed area are false positives.

important improvement in overall healthcare for these patients,
especially considering its feasibility and affordability. In addition,
PNES patients are often misdiagnosed as having epilepsy due to
EEG misreading and therefore treated with expensive antiepileptic drugs that can have serious side-effects (7). The alternative that we have proposed uses basal hormone values
independent of ictal episodes. This would permit patients and
hospital resources to be liberated from the time consuming process necessary to test a convulsive event to diagnose PNES.
In the present work we use the LOOCV; a special case of crossvalidation in which the predictive model is estimated using data
from all but one sample and subsequently tested on the left-out
sample. Besides being a very general method that can be used with
any kind of predictive modelling, the LOOCV has several
advantages when compared to other cross-validation procedures
(e.g., k-fold validation), such as reduced bias and stable results
due to the non-randomness of training/validation set splits (21).
Furthermore, we calculated McFadden’s pseudo-R 2 for logistic
regression as a measure of the goodness of the binomial logistic
model in this setting, which tends to be much lower, and so more
conservative, than the R 2 for multiple regression with values
between 0.2 and 0.4 considered highly satisfactory (22). However,
a possible confounding factor in our analyses could be represented by age, which was higher in the cases with PNES. Yet,
although ACTH does not seem to vary with age (23), NPY seems
to increase (24). Considering that our patients with PNES had
lower levels of NPY (9), this, we suggest, might represent a
strength of our results because our patients with PNES were
significantly older than both controls. Baker et al. (25) found no
statistically significant effect of circadian rhythmicity on either
cerebrospinal fluid or plasma NPY levels, whereas Löckinger et al.
(26) found some indications of small variation. Yet, in the present
study, NPY blood draws, like those for ACTH known to present
circadian rhythmicity, were all performed at the same time of day
to minimise any time effects. This approach has also been used
when comparing NPY levels in subjects with posttraumatic stress
disorder to those in healthy controls (27,28).

Gender selection and sample size are certainly a limitation of the
current study. In order to assess how well our results generalise or
replicate, it is warranted to test these models against new sets of data,
collected under different circumstances, with larger sample sizes,
contrasting individuals with PNES to individuals with epilepsy with
and without a history of abuse, including also men. In addition,
further measures collection such as seizures frequency, age at onset
seizures, and time from the last seizures are warranted. Next studies
should also employ a repeated-measure design to track the evolution
of specific-hormone endogenous production throughout the day (13).
If our results replicate, they would constitute a novel, cheap,
and reliable approach that may allow rapid PNES diagnoses
without relying on seizure occurrence.
Acknowledgement. Authors’ contributions: P.J.Z. and M.W. initiated the
study. P.J.Z. and L.U.Z. recruited the subjects and performed the blood
sampling. A.M. and A.S.P. performed statistical analyses and data interpretation, under the supervision of M.W. C.U.R. provided expertise on PNES
patients and contributed to the data interpretation. A.M. wrote the first draft
of the manuscript and all authors edited and approved it for publication.
Disclosure. None of the authors has any conflicts of interest to disclose.
Funding. This work was supported by a John Templeton Foundation grant to
Paul J. Zak.
Ethical standards. The authors assert that all procedures contributing to
this work comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

References
1. Benbadis SR (2005) A spell in the epilepsy clinic and a history of ‘chronic
pain’ or ‘fibromyalgia’ independently predict a diagnosis of psychogenic
seizures. Epilepsy Behav 6, 264–265.
2. Devinsky O, Gazzola D and Lafrance WC (2011) Differentiating
between nonepileptic and epileptic seizures. Nat Rev Neurol 7, 210–220.
3. Alsaadi TM and Marquez AVV (2005) Psychogenic nonepileptic
seizures. Am Fam Physician 72, 849–856.

Downloaded from https://www.cambridge.org/core. Claremont Colleges Library, on 19 Apr 2019 at 01:43:57, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/neu.2019.3

Acta Neuropsychiatrica
4. Syed TU, LaFrance WC, Kahriman ES, Hasan SN, Rajasekaran V,
Gulati D, Borad S, Shahid A, Fernandez‐Baca G, Garcia N, Pawlowski M,
Loddenkemper T, Amina S and Koubeissi MZ (2011) Can semiology
predict psychogenic nonepileptic seizures? A prospective study. Ann
Neurol 69, 997–1004.
5. Vinton A, Carino J, Vogrin S, MacGregor L, Kilpatrick C, Matkovic Z
and O’Brien TJ (2004) ‘Convulsive’ nonepileptic seizures have a
characteristic pattern of rhythmic artifact distinguishing them from
convulsive epileptic seizures. Epilepsia 45, 1344–1350.
6. LaFrance WC, Leaver K, Stopa EG, Papandonatos GD and Blum AS
(2010) Decreased serum BDNF levels in patients with epileptic and
psychogenic nonepileptic seizures. Neurology 75, 1285–1291.
7. LaFrance WCJ, Baker GA, Duncan R, Goldstein LH and Reuber M (2013)
Minimum requirements for the diagnosis of psychogenic nonepileptic
seizures: a staged approach: a report from the International League Against
Epilepsy Nonepileptic Seizures Task Force. Epilepsia 54, 2005–2018.
8. Chen DK, So YT and Fisher RS (2005) Use of serum prolactin in
diagnosing epileptic seizures: report of the Therapeutics and Technology
Assessment Subcommittee of the American Academy of Neurology.
Neurology 65, 668–675.
9. Winterdahl M, Miani A, Vercoe MJH, Ciovica A, Uber-Zak L, Rask CU
and Zak PJ (2017) Vulnerability to psychogenic non-epileptic seizures is
linked to low neuropeptide Y levels. Stress 20.
10. Sah R, Geracioti TD and Neuropeptide Y (2013) and posttraumatic
stress disorder. Mol Psychiatry 18, 646–655.
11. Southwick SM and Charney DS (2012) The science of resilience: implications
for the prevention and treatment of depression. Science 338, 79–82.
12. Kovac S and Walker MC (2013) Neuropeptides in epilepsy. Neuropeptides 47, 467–475.
13. Bakvis P, Spinhoven P, Giltay EJ, Kuyk J, Edelbroek PM, Zitman FG
and Roelofs K (2010) Basal hypercortisolism and trauma in patients with
psychogenic nonepileptic seizures. Epilepsia 51, 752–759.
14. Zhang S-W and Liu Y-X (2008) Changes of serum adrenocorticotropic
hormone and cortisol levels during sleep seizures. Neurosci Bull 24, 84–88.
15. Alper K, Devinsky O, Perrine K, Vazquez B and Luciano D (1993)
Nonepileptic seizures and childhood sexual and physical abuse. Neurology
43, 1950–1953.
16. Oto M, Conway P, McGonigal A, Russell AJ and Duncan R (2005)
Gender differences in psychogenic non-epileptic seizures. Seizure 14, 33–39.

5
17. Jacobs DF (2002) Jacobs Neglect, Abandonment and Abuse Protocol
(J-NAAP). Redlands, CA: Author.
18. Beck AT, Ward CH, Mendelson M, Mock J and Erbaugh J (1961) An
inventory for measuring depression. Arch Gen Psychiatry 4, 561–571.
19. Forman G and Scholz M (2010) Apples-to-apples in cross-validation
studies. ACM SIGKDD Explor Newsl 12, 49–57.
20. Avbersek A and Sisodiya S (2010) Does the primary literature provide
support for clinical signs used to distinguish psychogenic nonepileptic
seizures from epileptic seizures? J Neurol Neurosurg Psychiatry 81,
719–725.
21. James G, Witten D, Hastie T and Tibshirani R (2013) An introduction
to statistical learning — with applications in R. Springer Texts in Statistics;
vol. 103. New York, NY: Springer New York. 618 p.
22. Tabachnick BG and Fidell LS (2007) Using Multivariate Statistics, 5th
edn. New York, NY: Pearson Education Inc.
23. Heuser IJ, Gotthardt U, Schweiger U, Schmider J, Lammers CH,
Dettling M and Holsboer F (1994) Age-associated changes of pituitaryadrenocortical hormone regulation in humans: importance of gender.
Neurobiol Aging 15, 227–231.
24. Baranowska B, Radzikowska M, Wasilewska-Dziubinska E, Roguski K
and Polonowski A (2000) Relationship among leptin, neuropeptide Y,
and galanin in young women and in postmenopausal women. Menopause
7, 149–155.
25. Baker DG, Bertram TM, Patel PM, Barkauskas DA, Clopton P, Patel S,
Geracioti TD, Haji U, O’Connor DT, Nievergelt CM and Hauger RL
(2013) Characterization of cerebrospinal fluid (CSF) and plasma NPY
levels in normal volunteers over a 24-h timeframe. Psychoneuroendocrinology 38, 2378–2382.
26. Löckinger A, Köberle D, König PS, Saria A, Herold M, Cornélissen G
and Halberg F (2004) Neuropeptide chronomics in clinically healthy
young adults: circaoctohoran and circadian patterns. Peptides 25, 533–
542.
27. Sah R, Ekhator NN, Strawn JR, Sallee FR, Baker DG, Horn PS and
Geracioti TD (2009) Low cerebrospinal fluid neuropeptide Y concentrations in posttraumatic stress disorder. Biol Psychiatry 66, 705–707.
28. Morgan CA, Rasmusson AM, Winters B, Hauger RL, Morgan J, Hazlett
G and Southwick SM (2003) Trauma exposure rather than posttraumatic
stress disorder is associated with reduced baseline plasma neuropeptideY levels. Biol Psychiatry 54, 1087–1091.

Downloaded from https://www.cambridge.org/core. Claremont Colleges Library, on 19 Apr 2019 at 01:43:57, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/neu.2019.3

