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SUMMARY 
Background: Individuals who are exposed to traumatic events are at an increased risk of developing posttraumatic stress 

disorder (PTSD), a condition during which an individual's ability to function is impaired by emotional responses to memories of
those events. The gene coding for neuropeptide Y (NPY) and the gene coding for brain-derived neurotrophic factor (BDNF) are 
among the number of candidate gene variants that have been identified as potential contributors to PTSD. The aim of this study was 
to investigate the association between NPY and BDNF and PTSD in individuals who experienced war-related trauma in the South 
Eastern Europe (SEE) conflicts (1991-1999). 

Subjects and methods: This study included participants with current and remitted PTSD and healthy volunteers (N=719, 232 
females, 487 males), who were recruited between 2013 and 2015 within the framework of the South Eastern Europe (SEE) - PTSD 
Study. Psychometric methods comprised the Mini International Neuropsychiatric Interview (M.I.N.I.), the Clinician Administered 
PTSD Scale (CAPS), and the Brief Symptom Inventory (BSI). DNA was isolated from whole blood and genotyped for NPY rs5574 via 
PCR - RFLP and NPY rs16147 and BDNF rs6265 using the KASP assay.  

Results: Tests for deviation from Hardy-Weinberg equilibrium showed no significant results. Analyses at the categorical level 
yielded no associations between the affected individuals and all three SNPs when compared to controls. Within lifetime PTSD 
patients, the major alleles of both NPY variants showed a nominally significant association with higher CAPS scores (p=0.007 and
p=0.02, respectively). Also, the major allele of rs5574C>T was associated with higher BSI scores with a nominal significance among 
current PTSD patients (p=0.047). The results did not withstand a Bonferroni adjustment ( =0.002). 

Conclusion: Nominally significant associations between NPY polymorphisms and PTSD susceptibility were found that did not 
withstand Bonferroni correction.  

Key words: posttraumatic stress disorder - neuropeptide Y - brain-derived neurotrophic factor - war-induced trauma 

*  *  *  *  *  

INTRODUCTION

Posttraumatic stress disorder (PTSD) is classified 

under the Trauma-and Stress-related Disorders category, 

and it is defined as a condition that is subsequent to a 

stressor, or a traumatic event that triggered the onset of 

the disease (American Psychiatric Association 2013). 

The majority of trauma victims experience symptoms 

that are defined by three symptom clusters, namely re-

experiencing in the form of flash-backs, intrusions or 
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nightmares, avoidance and numbing and arousal, all of 

which have to last for more than one month after 

experiencing or witnessing extreme trauma or stress that 

is characterized by actual or perceived threat of death or 

serious injury or threat to one’s physical integrity (Ame-

rican Psychiatric Association 1994). For a small mino-

rity, PTSD symptoms persist and develop into clinical 

PTSD. The annual prevalence of PTSD has been 

reported to be 4.7%, and the lifetime prevalence about 

6.1% (Goldstein et al. 2016), and higher prevalence 

rates of about 13% are observed among combat veterans 

(U.S. Department of Veterans Affairs 2015). Other stu-

dies report that about 5% of those exposed to a trauma 

develop clinically relevant PTSD (Breslau & Kessler 

2001, Kessler et al. 1995). The lifetime prevalence of 

PTSD in the US general population is an estimated 7% 

(Kessler et al. 2005), while it is as high as 35% in 

individuals who experienced the war in Bosnia and 

Herzegovina (Priebe et al. 2004). 

One candidate gene that has been studied is Neuro-

peptide Y (NPY). Isolated and sequenced in 1982, pep-

tide expression distribution of NPY is found throughout 

the central and peripheral nervous system (Adrian et al. 

1983, Allen et al. 1983). NPY is derived from the 97-

amino-acid pro-hormone, pre-pro-NPY after enzymatic 

processing by peptidase enzymes (Brakch et al. 1997, 

Grouzmann & Brakch 2005). It is a 36-amino acid 

peptide that shares its sequence homology with the NPY 

hormone family which encompasses enteric peptides, 

pancreatic polypeptide (PP) as well as peptide YY 

(PYY) that share a hairpin-like structure called the PP-

fold (Gehlert 2004, Tatemoto et al. 1982). An analysis 

of NPY mRNA in human brain tissue indicated its 

abundance in the neocortex, polymorphic layer of the 

dentate gyrus, basal ganglia, and amygdala (Caberlotto 

et al. 2000). Furthermore, expression analyses demon-

strate high NPY peptide expression in cell bodies and 

fibers within the amygdala, nucleus accumbens (NAcc), 

various hypothalamic nuclei, cortex, and hippocampus 

within the human brain (Adrian et al. 1983). 

Levels of NPY peptide-like immunoreactivity in 

PTSD subjects are direct evidence for the relevance of 

the neuropeptide Y in PTSD pathophysiology. Sah et al. 

reported lower cerebrospinal fluid (CSF) NPY levels in 

Vietnam (2009) and Iraq/Afghanistan (2014) veterans 

with combat-related PTSD. Other examples of comorbi-

dities related to PTSD were studied by Huang & Rei-

chardt (2015) and Xu et al. (2012), who demonstrated 

that reduced CSF NPY can be observed in individuals 

with insomnia and substance dependence, respectively, 

while increased amounts of CSF NPY were reported by 

Coccaro et al. (2012) in individuals with impulsive 

aggression. In addition to CSF analyses, plasma levels 

of NPY were investigated as well. Rasmusson et al. 

(2000) found reduced neuropeptide levels in PTSD 

patients, while Morgan et al. (2002) found no difference 

between PTSD patients and controls. A possible asso-

ciation between NPY and both high coping and re-

silience has been demonstrated in a study in which 

significantly higher plasma NPY levels were reported in 

individuals who had PTSD in the past but are currently 

otherwise symptom free (Yehuda et al. 2006).  

Studies conducted in postmortem brain and lympho-

blasts as well as plasma NPY peptide levels have helped 

establish a predictive relationship between NPY haplo-

types and low and high expression of NPY messenger 

RNA (mRNA) (Zhou et al. 2008). Zhou et al. (2008) 

also reported lower haplotype-driven NPY expression in 

association with high emotion-induced activation of the 

amygdala, higher trait anxiety, and diminished pain/ 

stress-induced activations of the endogenous opioid 

neurotransmission in various brain regions. Witt et al. 

(2011) investigated rs16147 in conjunction with early 

adversity and found that it modulates stress responses in 

young adults. Domschke et al. (2012) found that 

rs16147 contributes to stronger bilateral amygdala acti-

vation and slower treatment response in anxious 

depression patients. Postmortem sample analyses by 

Sommer et al. (2010) demonstrated that NPY rs16147 

correlated with higher prefrontal expression, while a 

separate epidemiological sample in the same study 

showed an association of rs16147 with negative affect 

in individuals exposed to high adversity. Another NPY 

variant that has been studied is rs5574, a 5671C/T poly-

morphism on chromosome 7 position 24289514. Seve-

ral groups have investigated it in regard to PTSD or 

other conditions that are in either direct or indirect con-

nection with the disease. Furthermore, Tiwari et al. 

(2013) have investigated the effect of several SNPs on 

antipsychotic-induced body weight gain (BWG), and 

they have found that rs5574 is significantly associated 

with weight change in schizophrenic patients. Also, the 

rs5574 was reported in association with alcohol depen-

dent individuals who experienced withdrawal with sei-

zures (Okubo & Harada 2001). Zhou et al. (2008) have 

found low NPY expression in amygdala and hippo-

campus activation studies associated with rs5574 haplo-

types. Also, one study was not able to replicate the 

contribution of NPY gene haplotypes to trait anxiety 

(neuroticism) (Cotton et al. 2009). 

In recent years, an association between BDNF and 

numerous psychiatric disorders like anxiety, depression, 

eating disorders and posttraumatic stress disorder has 

been established (Chen et al. 2006). BDNF is a member 

of the neurotrophin family important for neuronalbirth, 

maturation, differentiation, migration, survival and plas-

ticity (Huang & Reichhardt 2001). Other studies have 

shown that BDNF is important for stress response and 

the related reaction as well as behavior (Liu et al. 2005). 

It is hypothesized that BDNF is responsible for the 

antidepressant effect of psychopharmacological drugs 

often used in the treatment of stress-related disorders 

(Tsai 2007, Jiang et al. 2017). In humans, the single-

nucleotide BDNF rs6265 (Val66Met) polymorphism 

leads to an exchange of amino acids from valine (Val) 

to methionine (Met) at codon 66 (Egan et al. 2003, 
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Thoenen 1995). The frequency of the BDNF Met allele 

is relatively common and is ethnically stratified. The 

highest frequency of carriers has been observed among 

the Asian population (estimated 50%) and the least in 

African American individuals (estimated 4%) (Shimizu 

et al. 2004, Pivac et al. 2009). It seems that either the 

heterozygous or homozygous Met allele leads to signifi-

cantly less BDNF release than the Val allele (Chiaruttini 

et al. 2009, Egan et al. 2003). BDNF availability in the 

brain is critical for the formation of new memories after 

stress exposure (Peters et al. 2010). Also, a reduced 

activity-dependent secretion of BDNF has been asso-

ciated with the BDNF Met allele (Egan et al. 2003). 

These changes in levels of BDNF in the brain decrease 

synaptic plasticity in the prefrontal cortex (PFC) and 

thereby lead to the deficiency of new memories required 

for fear extinction. Forming new memories associated 

with the stimulus that was previously paired with a 

fearful event with one that signals safety is thought to be 

involved in erasing fearful memories, and this task is 

extremely important for stress-related disorders. A 

translational study found that BDNF Met allele carriers 

have intact fear conditioning but differential extinction 

of a learned fear response (Soliman et al. 2010). This 

study showed that there is a difference in how BDNF 

Met allele carriers and noncarriers recruit the amygdala 

and ventromedial PFC. Neuroimaging studies of PTSD 

probands have shown a similar pattern of increased 

amygdala activation and decreased medial PFC activa-

tion (Kremen et al. 2012, Protopopescu et al. 2005). As 

it seems that fear extinction is an issue specifically 

related to BDNF, this could have effects not only on the 

symptom development but on the treatment course as 

well. The success of exposure therapy, as one of the best 

psychotherapeutic approaches in PTSD, might then be 

affected by the BDNF allelic state. This means that Met 

allele carriers might not readily respond to this psycho-

therapy. Zhang et al. (2016) reported that the Val66Met 

polymorphism shapes PTSD symptom development and 

as such influences PTSD diagnosis. 

Given the aforementioned, it is safe to state that data 

gathered to date suggest that genetic variation in NPY 

(Schmeltzer et al. 2016) and BDNF (Chen et al. 2006) 

expression may promote inter-individual differences in 

stress and emotional responses to trauma that are rele-

vant in determining PTSD susceptibility or resilience 

following a traumatic event. It is hypothesized that NPY 

rs16174, rs5574 and BDNF rs6265 are correlate with 

both PTSD diagnosis as well as severity. 

SUBJECTS AND METHODS 

Subjects

The participants were inhabitants of South Eastern 

Europe (SEE) recruited between 2013 and 2015 at 

research centers in Sarajevo, Prishtina, Tuzla, Zagreb 

and Mostar under a Stability Pact for the SEE colla-

borative research study “Molecular Mechanisms of 

Posttraumatic Stress Disorder”, supported by the DAAD 

(Deutscher Akademischer Austausch Dienst). Methods 

regarding recruitment, diagnostic assessment, inclusion 

and exclusion criteria, as well as sample size and gender 

distribution were previously described (Dzubur Kule-

novic et al. 2016).

The five psychiatric centers involved in the recruit-

ment were in countries whose population has experien-

ced severe war-related trauma between 1991 and 1999: 

Zagreb in Croatia (1991-1992), Sarajevo, Tuzla and 

Mostar in Bosnia-Herzegovina (1992-1995) and Prishtina 

in the Republic of Kosovo (1998-1999). The cohort 

comprises several participant groups, namely those who 

developed PTSD, those who did not and those who had 

developed the disease and eventually recovered. A few 

participants in the control group had no exposure to trau-

ma at all. Of the 747 recruited individuals 719 (mean age 

49.4±7.9; 232 females and 487 males) could be included 

in this study. The experimental group comprised 218 

participants with current PTSD (mean age 50.1±6.7; 61 

females and 157 males), 151 participants with lifetime 

PTSD (mean age 49.5±8.2; 53 females and 98 males), 

and 350 participants with no diagnosable PTSD (mean 

age 48.8±8.5; 118 females and 232 males) (Dzubur 

Kulenovic et al. 2016).  

Ethical Votes 

Ethical votes at the participating clinical centers 

were obtained between 2011 and 2013 on the basis of 

local translations of an information and consent form-

designed by the Würzburg center. 

Thus, participants were informed and gave written 

informed consent according to the principles of the 

Declaration of Helsinki (WMA 2013). 

Psychometric Instruments 

To clarify the presence or absence of PTSD symp-

toms, the Mini International Neuropsychiatric Interview 

(M.I.N.I.) was used. For categorization of PTSD symp-

toms between current and lifetime, the Clinician Admi-

nistrated PTSD Scale (CAPS) (Blake et al. 1996) was 

assessed, and for measurement of general psychiatric 

symptoms the Brief Symptom Inventory (BSI) (Dero-

gatis & Melisaratos 1983) was used. 

Molecular Analyses 

Genomic DNA was isolated from frozen venous 

EDTA-blood according to manufacturer’s instructions 

using the FlexiGene DNA Kit (Qiagen, Hilden, Ger-

many) and stored at -80°C until genotyping at the 

Laboratory of Functional Genomics in Würzburg. 

NPY rs5574 was genotyped using the following 

PCR-RFLP procedure conditions: DNA was amplified 

by PCR with the oligonucleotide primers F: 5’- 

GCTTGTTACAGATGAACACCTGAC-3’ and R: 5’- 

TGTCATACCGAGTTCTGGGAACA-3’ in a 25 µl 
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reaction volume containing 45-65 ng genomic DNA, 

0.4 mM of each primer, 0.1 mM of each nucleotide, 

0.75 mM MgCL2 and 0.5 U Taq DNA polymerase. The 

following cycler conditions were used: 5 min denatura-

tion at 95°C, followed by 40 cycles of 45 s at 95°C, 45 s 

at 63°C and 45 s at 72°C and a final extension step of 5 

min at 72°C. PCR fragments (217 bp) were digested for 4 

h at 37°C with the restriction endonuclease BfaI (NEB, 

Frankfurt a. Main, Germany) resulting in differentially 

sized fragments for each genotype. The fragments were 

separated on a 3% agarose gel by electrophoresis and 

visualized with ethidium bromide. Fragment lengths and 

resulting genotypes were determined by two independent 

investigators blinded for diagnosis. NPY rs16147 geno-

types were determined using a custom designed KASP 

genotyping assay (LGC, Berlin, Germany). PCR reaction 

including an end-point fluorescent read-out was perfor-

med according to manufacturers’ instructions in a 

CFX384 Touch Cycler (Biorad, Munich, Germany). 

Genotype analysis was conducted using CFX Manager.  

BDNF rs6265 (Val66Met) genotyping was perfor-

med according to previously published protocols 

(Mühlberger et al. 2014). 

Statistical Analyses 

Statistics were performed using PLINK 1.9. All 

three SNPs were polymorphous (minor allele fre-

quency 10%), reached a minimal genotyping call rate 

of 98% and did not deviate from Hardy-Weinberg 

equilibrium (p 0.1). Logistic regression was used for 

case-control analyses. Within the two groups of pa-

tients, i.e. individuals with lifetime or current PTSD, li-

near regression was carried out for analyses on the 

dimensional CAPS and BSI scores. The additive allelic, 

dominant (based on the minor allele), genotypic models 

were tested in all phenotypes. The significance level 

was Bonferroni adjusted for 23 variants that were 

analyzed in total within the entire project ( =0.002) 

(Dzubur Kulenovic et al. 2016).  

RESULTS 

The influence of genotypes on the dimensional 

CAPS and BSI questionnaires, both linked to PTSD, 

was determined in all cases with current and lifetime 

PTSD symptoms. An overview of all genotyped SNPs, 

along with their minor and major alleles, minor allele 

frequency and the R2-value for linkage disequilibrium 

(LD) between both NPY variants is given in (Table 1). 

Neuropeptide Y 

Case-control analyses for the three calculated mo-

dels revealed no detectable impact of NPY rs5574 on 

the categorical phenotype of PTSD (pall>0.05). How-

ever, its influence on dimensional average CAPS scores 

showed nominal significant differences (pallelic=0.0206;

pgenotypic=0.0235; Pdominant=0.0068; Table 2; Figure 1) in 

patients suffering from lifetime PTSD, always with the 

major (C) allele conveying genetic risk. These findings 

could not be replicated in patients with diagnosed 

current PTSD (pall>0.05). In contrast, the average cur-

rent BSI score of NPY rs5574 C allele homozygotes 

was higher with a nominal significance (pdominant=0.0474; 

Table 2; Figure 1) than that of T allele carriers, while in 

this questionnaire patients with lifetime PTSD show no 

associations (pall>0.05). None of detected nominal asso-

ciations withstood Bonferroni correction. 

Figure 1. Distribution of CAPS values of NPY rs5574 

lifetime PTSD subjects according to genotypes in the 

dominant model. 

Because of the high LD (R2=0.84) between both 

analyzed NPY variants, rs16147 was in concordance 

with rs5574 and not associated with the categorical 

diagnoses but with the dimensional average lifetime 

PTSD CAPS values for the allelic and the dominant 

model at a nominal level (pallelic=0.0470; pdominant=0.0226;

Table 3) and for the genotypic model at a marginal level 

(pgenotypic=0.0709; Table 3), also with the major (T) 

allele conveying genetic risk. No further associations 

with dimensional phenotypes were observed for this 

variant (see Table 3; p>0.05). 

Table 1. Minor Allele Frequencies for NPY rs5574 and rs16147 and BDNF rs6265 

Gene SNP Minor Allele Major Allele MAF LD 

NPY rs5574 T C 0.43 0.84 

NPY rs16147 C T 0.46  

BDNF rs6265 A G 0.17  

SNP = Single Nucleotide Polymorphism;   MAF = Minor Allele Frequency;   LD = Linkage Disequilibrium 
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Table 2. NPY rs5574 association results, along with genotype and allele counts, for individuals in analysis, CAPS and 

BSI means and standard deviations, as well as nominal p-values of regression analyses 

Allelic Model Genotypic Model Dominant Model 
NPY rs5574 

T C TT TC CC TT/TC CC 

Controls  290 400 65 160 120 225 120 

PTSDlifetime  128 170 26   76   47 102   47 

PTSDcurrent 195 233 44 107   63 151   63 

Pcase-control-value 0.3023 0.8081 0.571 

CAPSlifetime (mean±SD) 64.3±16.5 69.0±18.1 64.2±15.4 64.3±17.2 72.7±17.9 64.3±16.7 72.7±17.9 

PCAPS-value 0.0206 0.0235 0.0068 

BSIcurrent (mean±SD) 109.8±46.6 116.5±45.6 111.3±43.3 108.6±49.0 123.3±41.4 109.4±47.5 123.3±41.4

PBSI-value 0.1355 0.3163 0.0474 
CAPS = Clinician Administered PTSD Scale;   BSI = Brief Symptom Inventory;   SD = standard deviation;    

Italics indicates p 0.05

Table 3. NPY rs16147 association results, along with genotype and allele counts, for individuals in analysis, CAPS and 

BSI means and standard deviations, as well as nominal p-values 

Allelic Model Genotypic Model Dominant Model 
NPY rs16147 

C T CC CT TT CC/CT TT 

Controls  303 385 73 157 114 230 114 

PTSDlifetime  134 162 30   74   44 104   44 

PTSDcurrent  209 215 54 101   57 155   57 

Pcase-control-value 0.1473 0.3064 0.5999 

CAPSlifetime (mean±SD) 64.8±16.7 68.9±18.3 64.5±15.1 65.0±17.8 72.2±18.0 64.9±17.1 72.2±18.0 

PCAPS-value 0.0470 0.0709 0.0226 

BSIcurrent (mean±SD) 111.5±47.5 115.2±45.2 114.1±47.6 111.5±47.5 115.2±45.2 114.1±47.6 123.3±41.4

PBSI-value 0.4358 0.1314 0.1688 

CAPS = Clinician Administered PTSD Scale;    BSI = Brief Symptom Inventory;    SD = standard deviation;    

Italics indicates p 0.05

Brain-Derived Neurotrophic Factor 

No significant associations were identified within 

the additive allelic genotypic and dominant models for 

BDNF rs6265 for dimensional or categorical pheno-

types (pall>0.05).

DISCUSSION 

To our knowledge, this is the first study to report an 

association between PTSD severity and NPY rs5574 

and rs16147. Other studies have reported different NPY 

expression levels associated with the variants (Björk et 

al. 2010, Hansson et al. 2006; Heilig 2004, Nikisch et 

al. 2005, Sah & Geracioti 2013, Schmeltzer et al. 2016, 

Sommer et al. 2010, Widerlöv et al. 1988, Zhou et al. 

2008), but no clinical data has been published to date. 

Furthermore, a study reported that combat soldiers were 

more resilient to trauma when their NPY levels were 

higher (Nulk et al. 2011). It has also been hypothesized 

that NPY tones down the excitatory pro-stress neuro-

transmitters (Eaton et al. 2007, Heilig et al. 1994, Sah & 

Geracioti 2013), and this is supported by research that 

demonstrates that NPY is found within the same neuro-

anatomical brain structures as corticotropin-releasing 

factor (CRF) and norepinephrine (NE) yet having 

opposite functions to pro-stress neurotransmitters (Kask 

et al. 2002, Sah & Geracioti 2013, Sajdyk et al. 2004). 

The lower CAPS scores for NPY rs5574 T-allele car-

riers could be interpreted that the T allele serves as a 

protective allele, while for the NPY rs16174 the C allele 

has that role. We interpret our genetic findings of 

rs5574 and rs16174 thus as partly a continuation of and 

in line with what has already been reported.  

While lower lifetime CAPS and current BSI scores 

are found in both NPY rs5574 T-allele and rs16174 C-

allele carriers, it is definitively somewhat puzzling that 

CAPS scores are associated among the lifetime cohort 

and the BSI scores are associated within the current 

PTSD cohort. Given that the two patient groups are not 

the same, this finding just further supports the protective 

function of the two alleles. Furthermore, he fact that 

CAPS and BSI scores are differentially significant bet-

ween individuals who have reported having had PTSD 

at some point in their lives and who have reported 

having it at the time of the interview may highlight the 

chronological factor between PTSD and genetics and 

begs the question whether the same trends would hold 

up if the same patient cohort were studied over an ex-

tended period of time. Certainly, the time at which 

trauma was experienced could affect the genetic under-

pinnings of PTSD. As the conditions under which blood 

was drawn alone are enough to affect NPY expression, 

epigenetic changes may confound genetic associations 
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(Sah et al. 2009, Zhou et al. 2008). Also, given that 

NPY has been reported to modulate contextual fear and 

learning as well as memory, together with its anxiety-

modulating properties, it could be argued that the 

chronological effects between the two alleles have 

something to do with how the trauma was processed. 

The present findings should be interpreted in light of 

some overall limitations. The patient cohort is fairly 

small, and trauma type and intensity is different among 

the centers of this study. Also, the ethnic and cultural 

heterogeneity between centers may have increased con-

founding by epigenetic factors. Overall, more research 

is needed to comprehend the pathways that connect 

genetic factors and the risk of developing PTSD. Stu-

dies within the context of even larger consortia, e.g. 

psychiatric genomic consortia, are necessary. This may, 

in turn, facilitate the development of either improved or 

entirely novel treatments and prevention methods for 

this common and debilitating disorder. 

CONCLUSION 

We hypothesized that NPY rs16174, rs5574 and 

BDNF rs6265 are correlated both with PTSD diagnosis 

as well as severity. Correlations were found with both 

NPY SNPs did not withstand which howeve the Bon-

ferroni correction. No significant findings were found 

with the BDNF rs6265.  
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