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Abstract 
Introduction: A correlation between AVPR1A promoter polymorphisms and prepulse inhibition 
(PPI) of startle reflexes has been described in healthy adults. Many children with nocturnal 
enuresis (NE) have a reduced PPI and treatment with desamino arginine vasopressin (dDAVP), a 
ligand of the arginine vasopressin receptor 1A (AVPR1A), and both improve clinical symptoms and 
significantly increase PPI. Methods: In 17 children (median 9.1 years, range 6.4 - 17.3) with NE, 
promoter repeats within the RS1 and RS3 regions of AVPR1A were quantified and correlated to PPI 
(native and age-adjusted). Results: No direct correlation was found between the number of promo- 
ter repeats at RS1 and PPI (correlation coefficient—0.240, p = 0.346) or RS3 and PPI (correlation 
coefficient—0.0192, p = 0.936), with no change through age-adjustment of PPI. The different RS3 
length subgroups did not show differences in PPI, nor did differentiation of NE according to 
clinical subtype or treatment response to dDAVP show differences in the number of promoter 
repeats. Conclusion: The missing reproducibility of the correlation between AVPR1A promoter po-
lymorphisms and PPI in a group with wide range of PPI suggests a more complex interaction. 
Therefore, further investigations are needed to analyze this very plausible interaction. Conditions 
with a reduced PPI, such as enuresis, schizophrenia or autism, are particularly interesting for this 
research. 
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1. Introduction 
Both prepulse inhibition (PPI) and blood concentrations of arginine vasopressin (AVP) have been associated 
with modulation of social behaviour in different species including humans [1]-[4]. PPI, measured as the attenua-
tion of the startle reflex by a shortly preceding prepulse, is used as a marker for sensorimotor gating [5], and has 
repeatedly been shown to be impaired in psychiatric disorders, e.g., schizophrenia or autism [6] [7]. 

In recent years, modulation of expression of the gene of the central arginine vasopressin receptor 1a (AVPR1a, 
gene symbol AVPR1A) and of the effect of AVP on this receptor has been attributed to differences in the pro-
moter region of AVPR1A [8]. Particularly, different numbers of repeats in the regions RS1 and RS3 have shown 
to have an influence on social behavior in animals [9] and humans [10]. 

At present, only one study has been published that describes correlations of the number of repeats within 
AVPR1A and PPI [11]. Possibly limited by a limited range of PPI in a population-based approach, these correla-
tions could only be demonstrated by using sophisticated and non-conservative statistics. 

In this context, patients with nocturnal enuresis (NE) represent an interesting group with a specific phenotype: 
a large proportion has been repeatedly shown to have reduced PPI [12] [13], and show both clinical improve-
ment as well as improvement of PPI through desamino arginine vasopressin (dDAVP) [14], suggesting an effect 
of dDAVP on central reflex control via the central AVP-receptor AVPR1a. 

Additionally, the effect of dDAVP is correlated to the baseline PPI. Only patients with a reduced baseline PPI 
(clinically those with a non-monosymptomatic enuresis, NMNE) benefit from dDAVP, while patients with nor-
mal baseline PPI (clinically those with strictly monosymptomatic enuresis, MNE) do not show further im-
provement of PPI and also have no clinical improvement [15]. 

Therefore, this study was designed to investigate a possible correlation of the number of repeats in the RS1 
and RS3 promoter regions of AVPR1A and PPI in a cohort of clinically well-defined patients with nocturnal 
enuresis. Furthermore, the number of repeats was correlated with clinical subtypes defined by daytime symp-
toms, family history and treatment response to dDAVP. 

2. Materials and Methods 
2.1. Patients 
Seventeen patients with a diagnosis of nocturnal enuresis were recruited through our Pediatric Nephrology clinic 
between 04/2008 and 02/2010. Inclusion criteria were a diagnosis of MNE or NMNE, with the exclusion of 
malformations of the urinary tract as well as neurological or psychological impairments. The group consisted of 
13 boys and 4 girls with a median age of 9.1 years (range 6.4 - 17.3 years). The individual patient characteristics 
are included in the summarizing table of results (Table 1). A family history regarding parental enuresis was also 
obtained. 

2.2. Stimulation/Startle Reaction and Procedure 
A tone generator and EMG measurement instruments (Contact Precision Instruments®) were used. A white noise 
of 50 dB SPL was continuously applied as a background hum and was replaced without interruption by the pre-
sented stimuli. The startle stimulus consisted of a white-noise burst (105 dB, 40 ms duration, 20 - 20,000 Hz, <1 
ms rise and fall time) and the prepulse stimulus of a 1000 Hz-tone (75 dB, 25 ms duration, <1 ms rise and fall 
time). The stimuli were presented binaurally through SONY-MDR-CD470-earphones. During each session star-
tle stimuli were presented as follows: 1) startle alone and 2) startle proceeded by prestimulation tone 60 ms 
(“prepulse + startle”) before the startle stimulus. After two minutes of adaptation to the recording room three 
“startle alone” stimuli were administered to reach a stable individual habituation level of startle reactivity. Then 
a total of 20 impulses followed in a pseudo-randomized sequence of which ten were “startle alone” stimuli (1) 
and ten “prepulse” (2). The startle amplitude of these 20 stimuli was used for computing the startle response and 
the startle reflex control. The average inter-stimulus interval was 20 seconds. The probands were informed that 
they would hear noises over headphones while watching a silent cartoon, but had no instructions to pay attention 
or to react to the stimuli (unattended startle and prepulse stimuli). 

2.3. EMG Measurement and Calculation of PPI 
The startle response was measured by electromyography (EMG) of the M. orbicularis oculi. The EMG was rec- 
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Table 1. Summary of patient characteristics and results. Age is given in years. Symptoms are categorized into “only night” 
with strictly monosymptomatic NE, without day symptoms or urge, and “day and night” in case of day symptoms with only 
urge or day wetting. dDAVP response was graded into “good” for reduction of wet nights ≥ 90%, “moderate” for reduction 
of wet nights between 50% - 89% and “poor” for reduction of wet nights ≤ 49%. “Resolution” indicates the age at which the 
patient was dry under therapy. “Family history” indicates eventual parent also affected by NE. PPI is given as percentage as 
indicated in the methods. The lengths of PCR products of RS1 and RS3 promoter repeats are given, with long repeat number 
being marked in bold lettering. X RS1 and X RS3 indicate the average repeat numbers, respectively.                    

No. Gender Age Symptoms dDAVP response Resolution Family history PPI RS1 allel 1/2 X RS1 RS3 allele 1/2 X RS3 
1 male 10.8 only night good >10 yrs none 0% 309/313 311 329/331 330 
2 male 8.8 day and night poor >10 yrs only mother 56% 309/313 311 329/333 331 

3 female 8.2 day and night poor >10 yrs both parents 18% 313/321 317 329/339 334 
4 male 6.4 day and night poor 8 - 10 yrs none 34% 305/309 307 322/333 328 

5 male 11.1 day and night good >10 yrs only mother 22% 309/321 315 322/339 331 

6 male 8.2 day and night good 8 - 10 yrs none 56% 305/309 307 327/333 330 

7 male 9.6 only night not used 8 - 10 yrs only father 96% 309/313 311 327/333 330 

8 female 9.2 only night no treatment >10 yrs none 68% 305/309 307 327/333 330 

9 male 6.8 day and night moderate 6 - 8 yrs none 10% 313/313 313 326/329 328 
10 female 11.4 only night good >10 yrs only mother 49% 305/309 307 323/326 325 

11 female 9.2 only night poor 8 - 10 yrs only father 71% 305/313 309 322/326 324 

12 male 8.2 day and night poor >10 yrs none 51% 309/321 315 328/339 334 

13 male 7.7 day and night poor >10 yrs only mother 48% 309/309 309 322/322 322 

14 male 17.3 day and night poor >10 yrs only father 51% 313/317 315 323/326 325 

15 male 8.4 day and night poor >10 yrs none 72% 309/321 315 324/339 332 
16 male 8.9 only night moderate 8 - 10 yrs only mother 25% 309/317 313 322/326 324 

17 male 9.6 day and night poor 8 - 10 yrs none 85% 305/317 311 323/326 325 

 
orded continuously bipolarly from silver/silver chloride electrodes taped to the skin (4 mm² for EMG, 8 mm² for 
reference electrode). Two EMG electrodes were fixed 15 mm apart from each other (centre to centre) and 12 
mm below the left lower eyelid and a reference electrode on the forehead. The EMG raw signal was amplified, 
filtered (high and low pass filters at 30 - 500 Hz) and converted to a digital signal by an analogue/digital con-
verter. The signal was recorded at a sampling rate of 1000 Hz and stored on a PC. 

The digital EMG signal was integrated by an automatic signal centering system to remove any DC offset, rec-
tified and smoothed (running average with a time constant of 4 ms) before measuring the startle response (startle 
amplitude). The EMG base line and the maximum amplitude after a startle stimulus with or without prepulse 
were calculated from the integrated, smoothed EMG signal. The base line was calculated as the average ampli-
tude of the 200 ms before onset of the startle stimulus. A startle reaction was defined as an increase above mean 
baseline of the EMG starting between 20 and 80 ms after the stimulus and reaching a maximum within 20 - 120 
ms. The startle amplitude was calculated from the difference between the peak amplitude and the baseline of 
each startle stimulus. The individual startle response was calculated as the average startle reactivity of the avail-
able trials for the respective condition. Following the “Committee report for human startle eyeblink EMG stu-
dies” [16], a test person was classified as a responder when at least one startle reaction to one of the first three 
startle alone stimuli was above two standard deviations of the EMG baseline, and the following trials were used 
for data analysis independent of individual startle amplitude. If no startle reaction was registered, the test person 
was classified as a non-responder and excluded from the data analysis. A single startle response to a startle sti-
mulus defined as written above during one session was considered as invalid when there were blinks or artefacts 
200 ms before and 20 ms after the startle stimulus. These single responses were classified as “invalids”. The in-
dividual startle reactivity was not computed when there were >3 invalid responses (“invalids”) to startle or pres-
timulation stimuli. 

The startle reflex control (PPI) was quantified as the percentage reduction of the averaged startle response in 
the pre-stimulation condition (“prepulse + startle” stimuli) compared to the control condition (“startle alone” 
stimuli). It was calculated using the following formula: 
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2.4. Genetic Investigations 
DNA was obtained from all family members and extracted according to standard methods. PCR amplification of 
the polymorphic RS1 and RS3 regions of the AVPR1A promoter was achieved using the following pair of pri-
mers, originally recommended by Levin et al. [11]: 

RS1: sn-(fluorescent)-5’-AGG GAC TGG TTC TAC AAT CTG C-3’ and asn-5’-ACC TCT CAA GTT ATG 
TTG GTG G-3’; RS3: sn-(fluorescent)-5’-CCT GTA GAG ATG TAA GTG CT-3’ and asn-5’-TCT GGA AGA 
GAC TTA GAT GG-3’. 

The PCR products were analyzed on an ABI/Hitachi 3500 Genetic Analyser (Life Techniologies, Applied 
Biosystems, Darmstadt, Germany). 

2.5. Presentation and Analysis of Data 
Box plots are used to present PPI data with median (line), interquartile range (box), 10th and 90th percentile 
(whiskers), and outliers (dots).  

In order to describe the AVPR1A promoter polymorphisms at RS1 and RS3, the lengths of PCR products ob-
tained with the primers described above are presented. 

Correlations were investigated using the non-parametric Spearman rank order correlation test.  
Comparisons between subgroups were analyzed using the non-parametric Mann-Whitney test, with p < 0.05 

considered significant. 
Sigma Plot 11 was used as statistical software. 

2.6. Ethical Approval and Informed Consent 
The study was approved by the ethics committee of the Christian-Albrechts-University, Kiel. The patients and 
their parents gave informed consent to participate in the study.  

3. Results 
Table 1 gives an overview of the individual patient’s results. Findings of PPI testing are presented together with 
the length of the PCR products, an indirect measure of the repeat numbers in the RS1 and RS3 regions, and with 
clinical information regarding age, symptoms, treatment response, and family history. 

The following correlations were evaluated: 
1) RS1/RS3 repeats and native PPI 
There is no correlation between PPI and the average number of repeats within the RS1 region or PPI and av-

erage number of repeats within the RS3 region of AVPR1A, see Table 2. Using lower or higher repeat number 
within the RS1 and RS3 regions instead of average repeat number, there is also no correlation between PPI and 
number of repeats, respectively (data not shown). 

2) RS1/RS3 repeats and age-adjusted PPI 
If individual PPI is calculated as percentage of age-related normal value [17], this age-adjusted PPI shows no 

significant correlation with the average number of RS1 and RS3, see Table 2. 
3) PPI in RS3 subgroups 
If the RS3 repeats are graded into short (S) and long (L) with the median of 326 repeats as cut-off and the pa-

tients assigned to SS-, SL- and LL-subgroups (as suggested by Knafo et al. [18] and Levin et al. [11], PPI is 
different in the subgroups, with lowest PPI in the SL group (see Figure 1). This difference is not statistically 
significant. The same applies to a differentiation according to RS1 repeats with the median of 311 repeats as 
cut-off. The median PPIs for the SS, SL and LL subgroups were 54%, 53% and 18%, respectively, again without 
statistically significant difference (data not shown). 

4) RS1/RS3 repeats and PPI in clinical subgroups (MNE vs. NMNE) 
The patients were clinically classified into patients with strictly nocturnal, monosymptomatic enuresis (MNE,  
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Table 2. Correlations between PPI (without and with age-adjustment) and RS1 as well as RS3 repeats, respectively. P-values 
are calculated using the Spearman rank order correlation..                                                        

Correlation between Correlation coefficient p-value 
PPI and RS1 repeats −0.240 0.346 
PPI and RS3 repeats −0.0192 0.936 

Age-adjusted PPI and RS1 repeats 0.309 0.222 
Age-adjusted PPI and RS3 repeats 0.0297 0.906 

 

 
Figure 1. PPI in the subgroups with repeats classified in the subgroups short/short (SS), short/long (SL) and long/long (LL). 
Data are given as median and range, p values are calculated using the non-parametric Wilcoxon-signed-rank test.            
 
n = 9) and those with daytime symptoms, non-monosymptomatic enuresis (NMNE, n = 8). The comparisons of 
median RS1 and RS3 repeats as well as median PPI are given in Table 3. 

5) RS1/RS3-Repeats and PPI differentiated according to treatment response to dDAVP 
The patients were clinically classified into patients with good response to dDAVP (reduction of wet nights ≥ 

90%, n = 3) and moderate/poor response to dDAVP (reduction of wet nights < 90%, n = 14). The comparisons 
of median RS1 and RS3 lengths as well as median PPI are given in Table 4. 

6) RS1/RS3-Repeats and PPI differentiated according to family history 
The patients were clinically classified into patients with a positive family history (father and/or mother suf-

fering from NE in childhood, n = 9) and negative family history (no history of NE in family, n = 8). The com-
parisons of median RS1 and RS3 repeats as well as median PPI are given in Table 5. 

4. Discussion 
A genetic background of nocturnal enuresis has long been postulated (e.g., Frary [19]), with a relevant propor-
tion of patients having a positive family history for this disturbance [20]. More recently, interesting gene loci for 
NE have been identified by linkage analyses as there are ENUR1 in the chromosomal region 13q13 - q14.3 [21], 
ENUR2 in 12q13-q21 [22] and ENUR3 in 22q11 [23]. Within ENUR2 lies AVPR1A, the gene encoding the argi-
nine vasopressin receptor type 1a, which has been located to chromosomal region 12q14.2 [24]. 

While dDAVP is known to be a ligand of the main renal vasopressin receptor (type 2, AVPR2), two studies 
could demonstrate that it also has clinical effects in patients with diabetes insipidus and mutations in the respec-
tive gene [25] [26], suggesting that other AVP receptors are involved in the mode of action of dDAVP. 

The described association of the number of AVPR1A promoter repeats and PPI [11] and the effect of dDAVP 
on PPI in nocturnal enuresis [14] therefore strongly suggested genetic variations of the AVPR1a receptor as pa-
thogenetic factors in nocturnal enuresis. 

This association was investigated in a pediatric cohort of enuresis patients with the advantage of a wide range 
of PPIs and at least some therapeutic effect of dDAVP, on the other hand, the reduced sample size was defini-
tively the main limiting factor. The missing correlation of PPI and the number of RS1 or RS3 repeats in this co-
hort can possibly be explained by the small sample size, but the correlation coefficients do not suggest a mere 
lack of number of investigated subjects. Given the clinical heterogeneity of NE, this association could be present 
in one of the subgroups defined by clinical subtype, treatment response to dDAVP, or family history. The small 
sample size in this study, however, prevents formation of subgroups with sufficient statistical power, reflected in 
the non-significant p values in these analyses. 
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Table 3. Median RS1 and RS3 length in base-pairs (bp) and PPI in the clinical subgroups with monosymptomatic (MNE) or 
non-monosymptomatic (NMNE) enuresis. In the last column, the p value for the difference calculated with Wilcoxon- 
Signed-Rank test is given.                                                                                 

 NMNE MNE p-value 

Prepulse Inhibition (PPI) 41% 56% 0.193 
Median RS1 length (bp) 314 311 0.116 
Median RS3 length (bp) 331 326 0.072 

 
Table 4. Median RS1 and RS3 length in base-pairs (bp) and PPI in the clinical subgroups with good (n = 3) and poor (n = 14) 
response to dDAVP. In the last column, the p-value for the difference calculated with Wilcoxon-Signed-Rank test is given.    

 Good dDAVP response Poor dDAVP response p-value 

Prepulse Inhibition (PPI) 22% 54% 0.089 
Median RS1 length (bp) 311 311 0.898 
Median RS3 length (bp) 330 329 0.899 

 
Table 5. Median RS1 and RS3 length in base-pairs (bp) and PPI in the clinical subgroups with positive and negative family 
history. In the last column, the p-value for the difference calculated with Wilcoxon-Signed-Rank test is given.              

 Positive familyhistory Negative familyhistory p-value 

Prepulse Inhibition (PPI) 49% 54% 0.885 

Median RS1 length (bp) 311 311 0.523 

Median RS3 length (bp) 325 330 0.331 

 
Looking at the trends found in the subgroup analyses, the lower PPI in the NMNE subgroup and in the pa-

tients with good dDAVP response is consistent with previous findings [15] [27]. However, the trend towards 
higher number of RS3-repeats in the NMNE subgroup is not in accordance with the expectations from the study 
by Levin et al. [11]. This subgroup would rather be expected to have lower number of RS3 repeats associated 
with a lower PPI. This finding should be further investigated in a larger cohort, also focusing on exact clinical 
classifications of NE subgroups. In view of the missing overall association of number of RS3 repeats and PPI in 
this cohort with a wide range of PPIs, the findings of Levin et al. [11], based on explicitly non-conservative sta-
tistics, need to be reproduced in a larger sample. 

5. Conclusion 
In conclusion, a simple and direct association of the number of repeats within the RS3 region of AVPR1A and 
different PPIs in NE or its subgroups (MNE, NMNE) could not be found in this relatively small cohort. Howev-
er, the approach of investigating microsatellite polymorphisms within RS1 and RS3 of AVPR1A in a disturbance 
strongly was associated with reduced PPI and arginine vasopressin agonists like dDAVP, possibly also including 
further analyses in the coding regions of AVPR1A or of markers of AVPR1A gene expression. In view of PPI 
changes during childhood and ethical concerns about genetic investigations in children, other clinical conditions 
that affect adults and are known to be associated with reduced PPI (e.g., schizophrenia, autism and Gilles de la 
Tourette syndrome) may also help to further understand this interesting association. The idea of transferring 
correlations between genetic parameters and neurophysiologic parameters found in healthy subjects to cohorts 
with more specific and “extreme” phenotypes may generally be useful to reconfirm such correlations. 
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AVPR1A: arginine vasopressin receptor 1a 
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NE: nocturnal enuresis 
PPI: prepulse inhibition 
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