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Abstract  

Prader-Willi Syndrome (PWS) is a genetic disorder typically brought about by a deletion in the 

paternal chromosome 15q11-q13 region. The symptoms of PWS range based on age and other 

individual differences. In infancy, the clinical manifestations of PWS include hypotonia, failure to 

thrive, and low levels of oxytocin. The diverse effect of oxytocin on the brain makes it a great 

candidate for an intervention. The purpose of this thesis is to evaluate the effect of intranasal 

oxytocin intervention on infants with PWS. A double-blind, randomized controlled trial was 

conducted where infants were recorded while they looked at pictures on a computer screen. 

Participants (N=15, average age: 4 months) were recorded before and after a short course (5 days) 

of intervention. The videos collected were scored for attentiveness based on a study-specific 

behavioral scheme. Once all the videos were coded, the study was unblinded to analyze the data 

and the results of intervention and placebo group were compared. For behaviors that were rated on 

a scale, the placebo group received lower scores from pre- to post- while the intervention group 

maintained their scores. The intervention group also spent more of their time during that task 

looking at the computer screen than the placebo group in the post-test. These results supported the 

idea that the oxytocin intervention improved attentiveness, a behavior that has yet to be 

investigated in other studies. 
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Introduction 

Prader-Willi Syndrome (PWS) is a genetic disorder whose origin is in a defect on the chromosome 

15q11-q13 region1. PWS is diagnosed most efficiently through DNA methylation. Typical 

individuals have both a methylated and unmethylated allele while individuals with PWS only have 

a methylated allele1. Research has outlined three principle genetic mechanisms which lead to PWS: 

deletion of the parental chromosome 15q11-q13 region, maternal uniparental disomy 15, and 

imprinting defects. In 65-75% of PWS cases, the disorder was caused by the deletion of the 

parental chromosome 15q11-q13 region1. This region is present near the centromere on the long 

arm of chromosome 15. When this deletion occurs, many important genes are lost including the 

genes coding for GABA receptions which can lead to down regulation of certain activities.  

The phenotype for PWS range from nutritional defects to cognitive impairments, and change 

throughout the course of an individual’s life. Current studies focus on specific clinical 

manifestations during certain ages. In infancy, most research focuses on the feeding difficulties 

that infants with PWS experience. This is primarily because these feeding difficulties may lead to 

failure to thrive and have other negative consequences. Developmental delays have not been 

shown to be manifested until early childhood (2-6 years old)1. When developmental delays have 

been studied, they are often compared to those in autism spectrum disorder2. A study by 

Descheemaeker et al., investigated the relationship between pervasive developmental disorder 

(synonymous with autism spectrum disorder) and PWS. The study showed that participants with 

PWS (average age: 22 years) showed developmental delays that were significantly similar to some 

symptoms of pervasive developmental disorder. While these results were help characterize some 

of the developmental delays experienced by individuals with PWS, they are also evidence of the 
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lack of representation of infants in PWS research. The focus of this thesis is to provide further 

insight into the development and behaviors of infants with PWS.  

Another clinical manifestation of PWS in infancy is a deficiency in oxytocin-containing neurons 

in the hypothalamic paraventricular nucleus (PVN)3. 

Oxytocin is a hormone with the amino acid sequence: 

cysteine-tyrosine-isoleucine-glutamine-aspargine-cyteine-

proline-leucine-glycine (Figure 1).  As a neuropeptide, 

little is known about the pathway of oxytocin in the brain 

but advances in brain imagining have allowed several hypotheses to be made regarding the effect 

of oxytocin on the brain and behavior. Oxytocin is one of principle hormones which influence 

social behaviors, especially parent-infant bonding and pair preferences. It can be found in 

peripheral locations (such as in blood or saliva) or in the cerebral spinal fluid (CSF)4. While there 

are only theories describing the pathway of oxytocin, it is hypothesized that oxytocin reaches the 

peripheral locations and/or the CSF by dendritic release5. In the central nervous system, oxytocin 

can exert an effect on a variety of brain areas because the hormone has a long half-life and lacks 

specificity6. fMRI studies have shown that oxytocin activates neural areas including the anterior 

cingulate cortex and the medial prefrontal cortex7. Oxytocin has been investigated as an 

intervention for infants with PWS possibly because it has been connected to mechanisms 

controlling hunger. The main form of administration in studies using oxytocin is intranasal, 

because it is less invasive than intravenous and can cross the blood-brain barrier.   

The extent to which intranasal oxytocin intervention influences an individual depends on factors 

like: nasal structure and dosage specification8. The topography of the infant nasal cavity is not well 

known so there is variability in the form of administration of this intervention. There is also 

Figure 1. Molecular structure of oxytocin 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjZiKSYucTaAhWOzlMKHczdBLMQjRx6BAgAEAU&url=https://en.wikipedia.org/wiki/Oxytocin&psig=AOvVaw0NfyDra8VlDDBiyPpWRL_V&ust=1524162283404774
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inconsistency in the literature regarding the formulation of oxytocin intervention8. Einfeld, et al., 

investigated the effects of internasal oxytocin on social behavior in individuals with PWS (average 

age: 18 years old). The dosages tested were 18 and 32 IU (international units) for participants 13-

15 years old and 24 and 40 IU for participants 16 years and older. After an 8-week administration 

period, oxytocin showed very little impact on almost all the social behaviors measured3. Another 

study, looked at the effects of this intervention on 4-month-old infants with PWS. Only one dose 

was studied, 4 IU, and it was administered over a seven-day period. It was reported that infants 

showed significant improvements in eye contact and general level of activity as measured by the 

Alarm Distress Baby Scale9. Both studies differ in methodology so all that can be determined is 

that more research needs to be done. One important thing to note is that both studies focus only on 

social behaviors because those behaviors are predicted to be most affected by oxytocin. There is 

little to no research looking at the effects of intranasal oxytocin intervention on other behaviors of 

infants with PWS.  Thus, the aim of this thesis was to investigate the impact of internasal oxytocin 

intervention on the attentiveness of infants with PWS while presented a task. Attentiveness was 

measured indirectly by scoring infants for behaviors including: affect, head control, attention to 

screen, and arm/leg movements.  

Methods 

Study Overview This thesis was conducted as part of the behavioral portion of a double-blind 

randomized controlled trial investigation the clinical and behavioral effects of intranasal oxytocin 

intervention on infants with PWS. A pre-determined dose of oxytocin was administered to 

participants every day during a five-day period. Randomization was based on 2:1 trail as to 

maximize the number of participants who received the intervention. Clinical and behavioral 

measures were taken before and after the intervention period. The behavioral measures were 
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scored by analyzing videos of the participants while engaged in a task. These measures were then 

analyzed and qualitative trends were assessed.  

Study Participants Participants for this study were recruited from a national PWS listserv. Fifteen 

infants with PWS resulted from this recruitment effort. The average age of the infants who 

participated in the pre-test was 4 months 7 days and 3 months and 7 days for the post-test. Consent 

was provided by the infant’s parent or guardian.  

Procedures Participants were positioned in front of a computer monitor where images of female 

face and toys would be presented. Participants were either sat on a parent’s lap or on a baby seat. 

A video camera was positioned near the computer monitor to record the participant as they watched 

the computer screen. This was done both before and after the intervention period. The video 

recordings were then analyzed using the Datavyu ® software. A total of 28 videos were collected 

during the experiment. In both the pre-test and post-test there was one participant that was not 

recorded during the task. The average video length was 15 minutes and the median video length 

was 7 minutes. It was decided that the first three minutes of each video would be analyzed to 

maximize inclusion. From this criterion, the data pool for this thesis comprised of 13 pre-test 

videos and 10 post-test videos. Two experimenters with expertise in development constructed a 

study-specific scheme of behaviors which would be used to analyze the recordings. All the 

behaviors in the scheme dealt with attentiveness. Two types of behaviors were analyzed: behaviors 

rated on a scale (Table 1) and timed behaviors (Table 2).  

For the behaviors rated on a scale, videos were divided into 3 one-minute blocks and each block 

was given a score of 1 to 4 for each of the four behaviors. The score assigned to a block was chosen 

by determining which score represented the participant’s behavior for more than half of the block.  
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The first three minutes of each video were then coded for the timed behaviors. The Datavyu® 

software was used to record the start and end time when a participant engaged in one of the 

behaviors. This was done every time a participant engaged in a timed behavior (i.e. every time a 

participant looked at the computer monitor). The duration of each behavior was then computed by 

taking the difference between the start and end time.  

Table 1. Scheme for behaviors rated on a scale. A score of 1 is describes the least desirable 

behavior, while a score of 4 describes a the most desirable behavior. 

Affect Head Control 

1 = Crying 

2 = Irritable 

3 = Content 

4 = Smiling 

1 = Support always needed 

2 = A lot of support needed 

3 = Little support needed 

4 = No support needed 

Eye Control General Arousal 

1 = Unable to control 

2 = Difficult to control 

3 = Some difficulty controlling 

4 = Easily moves eyes 

1 = Asleep 

2 = Falling asleep 

3 = Awake with little to no movement 

4 = Awake with arm/ foot movement 

 

Table 2. Description of the behaviors considered “timed” behaviors. 

 

Timed Behavior Description 

Attention to face Looking at a person present in the testing room 

Attention to screen Eyes focused around the center of the computer monitor 

Successful redirections  Successfully returning infant’s attention to the computer monitor 

Arm/leg movements Burst of movements, grouped together 

Back arches Back arched, head titled back, and limbs outstretched 
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Analysis Once all the videos were coded for the two types of behaviors, the data for scores and 

times were exported onto a spreadsheet. The study was unblinded so that comparisons between the 

placebo and intervention group could be conducted. For the behaviors rated on a scale, an average 

score was calculated for each participant and then an average for each condition. For the timed 

behaviors, the total duration of each behavior for a participant was determined by adding each 

individual duration recorded. An average total duration was calculated for each group and reported 

as a percent of the video length. Qualitative comparisons between placebo and intervention group 

were carried out.  

Results  

Behaviors rated on a scale The average scores for affect, head control, eye control, and general 

arousal for the placebo group (Figure 2) and the intervention group (Figure 3) are shown. The 

average score for all but one behavior (affect) decreased from pre-test to post-test in the placebo 

group. Participants in the placebo group were generally irritable, had poor head and eye control, 

and were often falling asleep during the task. There was no general trend for the behaviors in the 

intervention group. Participants in this group were generally content, had poor head control, had 

okay eye control, and were awake for most of the task. 

Timed Behaviors The percent duration for the timed behaviors in the placebo group (Figure 4) and 

the intervention group (Figure 5) are shown. Participants in the placebo group spent most of their 

time looking at the screen in the pre-test but shifted to looking at faces in the post-test. The number 

of successful redirections from pre-test to post-test decreased in the placebo group. Participants in 

the intervention group spent most of their time in both the pre-test and post-test looking at the 

computer screen. In this group there were increases in attention to screen and successful 

redirections, and decreases in arm/leg movements, and attention to faces. Overall, participants in 



9 
 

both groups spent about 50% of the task period engaging in the behaviors outline by the study- 

specific scheme. 

 

 

 

 

 

 

 

Figure 2. Average score for behaviors rated on a scale for the  

placebo group. N=5 for pre-test and N=3 for post-test. Error  

bars reflect standard deviation of the average of each behavior. 

 

 

 

 

 

 

Figure 3. Average score for behaviors rated on a scale for the  

intervention group. N=8 for the pre-test and N=7 for post-test. 

Error bars reflect standard deviation of the average of each  

behavior. 
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Table 3. Average score for 

behaviors rated on a scale during 

pre-test and post-test for the 

placebo group.  

Behavior 
Pre-test 

mean 

Post-test 

mean 

Affect 

Head 

Control 

Eye 

Control 

General 

Arousal 

2.7±0.2 

1.3±0.5 

2.5±0.5 

2.7±0.6 

2.7±0.6 

1±0 

2±2 

2±1 

 

Table 4. Average score for 

behaviors rated on a scale during 

pre-test and post-test for the 

intervention group.  

Behavior 
Pre-test 

mean 

Post-test 

mean 

Affect 

Head 

Control 

Eye 

Control 

General 

Arousal 

2.9±0.2 

1.3±0.5 

3.3 ±0.7 

3.4±0.4 

3.0±0.1 

1.5±0.9 

3.3±0.5 

3.1±0.5 
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Figure 4. Average percent duration for timed behaviors in the 

placebo group. N=5 for the pre-test and N=3 for post-test. 

Error bars reflect standard deviation of the average of each  

behavior. 

 

 

 

 

 

 

 

Figure 5. Average percent duration for timed behaviors in the 

intervention group. N=8 for the pre-test and N=7 for post-test. 

Error bars reflect standard deviation of the average of each  

behavior. 
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Table 5. Average percent 

duration for timed behaviors 

during pre-test and post-test for 

the intervention group.  

Behavior 
Pre-test 

% dur. 

Post-test 

% dur. 

Attention to 

face 

Attention to 

screen 

Successful 

Redirections 

Arm/Leg 

Movement 

Back 

Arching 

0.2±0.4  

19±15 

6±10 

15±12 

1±1 

14±25 

7±7 

0.3±0.4 

15±15 

1±2 

Note: All values are percentages 

Table 6. Average percent 

duration for timed behaviors 

during pre-test and post-test 

for the intervention group.  

Behavior 
Pre-test 

% dur. 

Post-test 

% dur. 

Attention to 

face 

Attention to 

screen 

Successful 

Redirections 

Arm/Leg 

Movement 

Back 

Arching 

12±12 

27±8 

3±5 

29±26 

1±2 

7±5 

34±6 

5±3 

15±8 

1±1 

Note: All values are percentages 
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Discussion 

The results of this thesis showed that oxytocin may influence several behaviors associated with 

attentiveness in infants with PWS. An analysis of the behaviors rated on a scale showed that the 

scores for the placebo group worsened from pre-test to post-test in almost of the behaviors. This 

is a meaningful result since the intended purpose of the placebo group is to show that no changes 

occur from pre-test to post-test. This maintenance effect was, however, seen in the intervention 

group. These two trends suggest that the oxytocin may work to prevent the impairment of the 

attention-related behaviors studied rather than improving the behaviors. The intranasal oxytocin 

intervention may function to compensate for the hypothalamic hyposecretion of oxytocin3 that 

occurs in infants with PWS. It is also important to note that head control improved in the 

intervention group. This result is of clinical significance because one of the symptoms of PWS in 

infancy is hypotonia and the participants in the intervention group showed improvement head 

control. Head control is also indicative of attentiveness; once the study was unblinded it was noted 

that during the post-test participants in the intervention group moved their head less and appeared 

to be more focused on the images they were presented. Two of the behaviors analyzed, eye control 

and general arousal, were also measured in a randomized controlled trial by Tauber et al. a Both 

behaviors increased significantly in that study5 while eye control stayed constant and general 

arousal worsened in this thesis. These behaviors were scored using different behavioral schemes 

so a direct comparison cannot be done, however this observation serves to further emphasize the 

need for more research in this field.  

The results of the “timed behaviors” analysis also provide great insight into the potential effects 

of oxytocin on the attentiveness of infants with PWS. The first meaningful comparison between-

groups is the difference in the percent of time participants spent looking at the faces of individuals 

a = The average age of participants in the Tauber study was 4 months old.  
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in the testing room. There were typically around five individuals in the testing room with the 

participant including at least one parent/guardian, two experimenters, and a doctor. In the placebo 

group, participants spent more of the task period looking at these individuals than the images 

presented to them; in other words, they became more distract from pre-test to post-test (0.4% to 

14%). On the other hand, participants in the intervention group decreased the percent of time they 

looked at individuals in the room from 12% in the pre-test to 7% in the post-test. These results 

were also reflected in the percent of time participants looked at the computer monitor. The increase 

in attention to face experienced by participants in the placebo group was paired with a decrease in 

attention to screen. The same is true for participants in the intervention group, their decrease in 

attention to face was accompanied by an increase in attention to screen. It is possible that oxytocin 

that was administered activated areas such as the prefrontal cortex, which is implicated in 

moderating social behavior, or the anterior cingulate cortex, which is involved in attention 

allocation7. The idea that participants in the intervention group were more attentive to the task was 

also supported by the decrease in arm and leg movements. When typically developing infants were 

presented with the experimental task, they remained reasonably still. Thus, participants in the 

intervention group were able to replicate the behaviors of typically developing infants in the post-

test (arm and leg movements decreased from 29% to 15%). Another example of participant 

attentiveness was in the measures of successful redirections. Whenever a participant shifted focus 

to something other than the computer monitor, the experimenters attempted refocus them by 

directing their attention to the screen with a noise-producing toy. If the participant began to look 

at the computer monitor again, then that event was classified as a successful redirection.  

Successful redirections decreased in the placebo group from 6% to 0.3%, but increased in the 

intervention group from 3% to 5%. There is an elaborate, neural mechanism required to recognize 
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a noise and shift focus; thus, the increase in successful redirections in the intervention group 

highlights the increased attentiveness of the participants as well as a potential increase in cognitive 

ability.    

One of the strength of this thesis is that it is a first-of-its-kind study which to investigate the effects 

of intranasal oxytocin intervention on the attentiveness of infants with PWS. It is important to 

study how a wide variety of behaviors are affected by an intervention such as intranasal oxytocin 

because oxytocin lacks specificity and can affect many different areas of the brain6. This thesis 

showed that the intranasal oxytocin intervention positively influenced behaviors related to 

attention, and supported the idea that overall attentiveness of infants with PWS can improve with 

this intervention. One potential limitation of this thesis is the scheme used to assess attention-

related behaviors. The scheme used by the video-coder was created after a few pre-test videos of 

participants were viewed and two experimenters noted behavior that was different than typically 

developing infants. This may have introduced some bias into the analysis process because the 

behaviors analyzed were specific to the participants in the experimental pool. The use of a study-

specific behavioral scheme also impedes the results of this thesis from being compared to other 

studies. It would be useful to repeat the methodology of this thesis but analyze the videos collected 

with a discipline-accepted behavioral scheme, like the Coding Interactive Behavior Scale9. 

Another limitation to this study was that only one person analyzed the videos collected and an 

inter-rater reliability measure was not possible to report. Whenever possible, two or more video-

coders should be used to verify both the validity of the scores given and the scheme used.  

Finally, the results of this study remain clinically significant because improvements in attention-

related behaviors were produced after a relative short intervention period (5 days). This is an 

improvement from the Tauber, et al. study which showed improvements is social behaviors after 



14 
 

seven days of intervention. Intranasal oxytocin is a clinic-specific intervention which will required 

a family to be displaced while the intervention takes place, thus it becomes important to maximize 

the use of the time available. The fact that this intervention showed positive results in just five 

days is an advantage.   

Conclusion  

The purpose of this thesis was to explore the impact of internasal oxytocin intervention on the attentiveness 

of infants with Prader-Willi Syndrome. The results revealed that a short administration period of intranasal 

oxytocin positively influenced attention-related behaviors.  The first category of behaviors analyzed were 

behaviors rated on a scale. The oxytocin intervention produced a sort of ceiling effect where the score for the 

intervention group was the same from pre-test to post-test, while the placebo group received lower scores 

from pre-test to post-test. The second category of behaviors was timed behaviors. In the intervention group, 

the percent of time participants focused on the computer monitor increased from pre-test to post-test and the 

percent of time focused on faces decreased. The opposite trend was characteristic of the placebo group. This 

reflects the idea that, on average, participants in the intervention attention improved their attention to the task 

while participants in the placebo group become more distracted. This thesis is one of the first studies to look 

at the effects of oxytocin on the attentiveness of infants with PWS. It would be beneficial to replicate this 

experiment, adding in an ERP component, to see what areas of the brain are activated throughout the course 

of the task. This would allow for additional information to the current understanding that oxytocin effects 

many different areas of the brain. Future research should be directed toward formulation and determining the 

minimum effective dose and administration time of intranasal oxytocin administration.  
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List of Abbreviations  

CSF Cerebral Spinal Fluid   

fMRI Functional Magnetic Resonance Imaging  

GABA γ-Aminobutyric Acid 

IU  International Units 

PVN  Paraventricular Nucleus  

PWS Prader-Willi Syndrome  
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