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“Innocent sleep. Sleep that soothes away all our worries. Sleep that puts each day to rest. 

Sleep that relieves the weary laborer and heals hurt minds. Sleep, the main course in life’s 

feast, and the most nourishing.” 

          William Shakespeare, Macbeth 
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THESIS SUMMARY 

Narcolepsy type 1 (NT1) is a chronic sleep disorder characterized by excessive daytime 

sleepiness, (EDS), hypnagogic/hypnopompic hallucinations (HH, hallucinations either when 

falling asleep or when waking up), sleep paralysis (SP, paralysis when falling asleep and/or 

when waking up), cataplexy (sudden loss of muscle tone triggered by strong emotions) and 

fragmented nocturnal sleep. NT1 is believed to be caused by autoimmune destruction of 

hypocretin producing neurons in the lateral hypothalamus. NT1 may be complicated by 

psychiatric and medical comorbidities in addition to impaired health related quality of life 

(HRQoL).  

After the H1N1 influenza epidemic and vaccination campaign with Pandemrix in 2009, 

several countries, including Norway, experienced an increase in the incidence of NT1. There 

were initially some indications that the phenotype was somewhat different and the use of 

the terms post Pandemrix narcolepsy (PPN) and sporadic narcolepsy (SN) was initiated. In 

PPN, the onset was thought to be more abrupt and symptoms more severe and more often 

accompanied by additional comorbidities such as psychiatric symptoms. Studies have, 

however, not been able to show major significant differences between PPN and SN. The 

overall aim of this thesis was to explore the phenotype in patients who developed NT1 after 

the H1N1 epidemic and vaccination campaign in Norway. We focused primarily on exploring 

1) changes in HRQoL over time 2) the extent of psychiatric symptoms and 3) the extent of 

medical comorbidities, obesity in particular, as well as fatigue. 

The patients included in this thesis had developed NT1 symptoms after H1N1 the influenza 

epidemic and vaccination campaign with Pandemrix in 2009. The inclusion period was from 

February 2014 to September 2017. All participants were hospitalized and underwent sleep 

investigations, physical examination and completed semi-structured clinical interviews and 

surveys.  

NT1 is a disabling disorder and several studies report an impaired HRQoL in NT1 patients. 

However, studies exploring HRQoL over time are sparse. In Paper I, we show that HRQoL is 

impaired, but we also show that HRQoL improves after 2 years of follow up. The reason for 

the high prevalence of psychiatric symptoms seen in patients with SN and PPN is debated, 
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and explanations may be multifactorial. In Paper II, we confirm a high prevalence of 

psychiatric symptoms which in our cohort was mainly driven by a high prevalence of 

internalizing symptoms. Medical comorbidity, particularly obesity is a well established 

complication to NT1. The reason for the high prevalence of obesity is, however, not fully 

understood. In support of previous studies, in Paper III we found a high prevalence of 

overweight and obesity in both children and adults.  

In conclusion, the findings in this thesis show that the NT1 phenotype in patients who 

developed NT1 after the H1N1 epidemic and vaccination camping in Norway is complex and 

associated with several comorbidities and impaired HRQoL. Further, our findings are similar 

to other comparable studies on both PPN and SN narcolepsy populations. This thesis may 

improve the understanding of the narcolepsy phenotype, potentially leading to an earlier 

diagnosis and improved treatment. Further, it emphasizes the importance of a 

multidisciplinary approach to prevent secondary complications and improve general health 

and HRQoL.     
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1. BACKGROUND 

What is the thesis about? 

Narcolepsy type I (NT1) is a chronic neurological sleep disorder (1) most likely caused by an 

autoimmune mediated destruction of hypocretin producing neurons that produce the wake-

sleep regulation neurotransmitter hypocretin (2). Norway, in line with several other 

countries experienced an increased incidence of NT1 after the H1N1 influenza epidemic and 

vaccination campaign in 2009 (3-5). Due to a perceived more abrupt debut of symptoms, 

high severity of symptoms and additional psychiatric symptom, it was speculated that 

narcolepsy after Pandemrix vaccination, post Pandemrix narcolepsy (PPN), was different 

from the previously known narcolepsy, sporadic narcolepsy (SN) (5, 6).   

Typical NT1 symptoms are excessive daytime sleepiness (EDS), hypnagogic/hypnopompic 

hallucinations (HH, hallucinations either when falling asleep or when waking up), sleep 

paralysis (SP, paralysis when falling asleep and/or when waking up), cataplexy (sudden loss 

of muscle tone triggered by strong emotions) and fragmented nocturnal sleep (1). Clinical 

manifestations may vary with age, and children may present with atypical symptoms such as 

hyperactivity, atypical cataplexy and obesity (7). Moreover, studies have shown a high 

prevalence of psychiatric (8, 9) and medical comorbidities (8, 10), in particular obesity (11-

13), as well as fatigue (14). The variation in phenotype may lead to misdiagnosis, substantial 

delay in diagnosis and may have major implications for health related quality of life (HRQoL) 

(15, 16).  

The primary aim of this thesis was to explore the NT1 phenotype in patients who developed 

narcolepsy after the H1N1 epidemic and vaccination campaign in Norway in 2009, focusing 

on HRQoL (Paper I), psychiatric symptoms (Paper II) and medical comorbidity (Paper III). A 

better general understanding of the narcoleptic phenotype may improve our clinical 

approach and treatment.  
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1.1 Sleep and narcolepsy 

1.1.1 Normal sleep  

Humans spend about one-third of their lives asleep, however, the reason why we sleep is 

highly debated and not fully understood (17, 18). Disturbances in  sleep pattern, and 

absence of sleep have major physiological consequences and is associated with psychiatric 

and medical disorders (19, 20). Sleep pattern and  circadian rhythm changes over a life span, 

and the main controlling center regulating the circadian rhythm consists of brain cells in the 

suprachiasmatic nucleus (21). The regulation of sleep-wakefulness is normally not fully 

matured in infants, and  development of the sleep-wake stability involves a shift from the 

disturbed and fragmented sleep across the day in infants to consolidated sleep at night in 

early childhood (17, 21).  

There are two types of sleep, rapid eye movement (REM) sleep and non- REM (NREM) sleep. 

NREM is further dived into sleep stage 1, 2 and 3 which reflect the depths of our sleep. Sleep 

architecture refers to the cyclic alternation between REM sleep and NREM sleep throughout 

the night, each cycle lasting 60-90 minutes. A normal sleep pattern will typically begin with 

NREM sleep stage 1, lasting from 1-7 minutes. Sleep stage 1 accounts for 2-4% of a total 

sleep period. Sleep stage 2 lasts from 1-20 minutes and accounts for 45-55% of a total sleep 

period. In sleep stage 3, also called slow wave sleep (SWS), the sleep is deep so that more 

stimuli is needed to be awakened than in the previous stages. Most of the SWS occurs in the 

first part of the night, lasting up to 40 minutes. 13-23% of a total sleep period is SWS. In a 

normal sleep pattern REM sleep usually occurs at the end of each sleep cycle and 20-25% of 

a total sleep period is REM sleep. Although dreams may also occur in NREM sleep, most of 

our dreams occur in the REM sleep phase. REM sleep is associated with muscle atonia, this is 

to avoid “living out our dreams”(17). 

 

1.1.2 Narcolepsy - from a psychiatric condition to a somatic disorder. A short 

historical review  

The first to describe narcolepsy with cataplexy was the German professor Karl Friedrich Otto 

Westphal (1833-1890) in 1877 (22). Narcolepsy was at that time believed to be a disorder of 

psychiatric origin, and literature refers to the case of Von Zatostrow. He was a famous 
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criminal rapist, and it was believed that his excessive sleepiness was a result of repressed 

homosexuality associated with shame (23). Some years later, in 1880, the French physician 

Jean Baptiste Edouard Gélineau (1828-1906) described a male patient with up to 200 sleep 

attacks per day. He considered the term “neurosis”, as an independent disorder distinct 

from epilepsy, hence, named the disorder narcolepsy (24).  Several years later, in 1902, 

Loëwenfeld gave the symptom of muscle weakness, triggered by emotions, the name 

“cataplexy” (25). In relation to the Spanish flu in 1917-1927, the Austrian psychiatrist and 

neurologist Constantin Freiherr von Economo (1876-1931) described the condition of 

Encephalitis Letargica (26). He described symptoms bearing resemblance to those of 

narcolepsy with cataplexy. Narcolepsy was at that time often used to describe any form of 

daytime sleepiness (23). Furthermore, he described additional psychiatric symptoms. 

Oculomotor paralysis was also associated with Encephalitis Letargica, which led Von 

Economo, as the fist in history, to suggest that the posterior hypothalamus was injured in 

patients  with  narcolepsy (23, 26).  

 

1.1.3 Classification and diagnostic criteria for narcolepsy 

The narcolepsy described by Westphal and Gélineau did not distinguish narcolepsy with 

cataplexy from narcolepsy without cataplexy. It was believed that there was only one single 

type of narcolepsy independent of the presence of cataplexy. This was the case for many 

years, and only when the diagnostic coding manual for sleep disorders; the International 

Classification of Sleep Disorders (ICSD), 2.nd edition was published in 2005, was narcolepsy 

officially separated into narcolepsy with and without cataplexy (27). As scientists have come 

closer to understanding the etiology and pathophysiology of narcolepsy even further 

classifications have been made. There is a very close association between narcolepsy with 

cataplexy and a particular human leucocyte antigen allele ((HLA) DQB1*06:02)(28), as well 

as with low levels of  the neuropeptide hypocretin type 1 in cerebrospinal fluid (CSF) (29). 

The same associations are not seen in patients without cataplexy. Hence, based on these 

findings, the current International Classification of Sleep Disorders 3.rd edition (ICSD-3), 

published in 2014, classifies narcolepsy into narcolepsy type 1 (NT1) and narcolepsy type 2 

(NT2) (Table 1). Of note, not all patients with NT1 (with hypocretin deficiency) have 

cataplexy at the time of diagnosis, cataplexy may appear later on or may be very subtle (30, 
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31). Narcolepsy may also be secondary to other disorders such as brain tumors (32), multiple 

sclerosis (33), head injuries (34) and encephalitis (35). 

 

 

Table 1. Diagnostic criteria based on the International Classification of Sleep Disorders, 

American Academy of Sleep Medicine 3.rd edition 

Narcolepsy type 1 (with hypocretin deficiency) - both of the following criteria must be met: 

1. The patient has daily periods of irrepressible need to sleep or daytime lapses into sleep, 
occurring for at least 3 months. 

2. The presence of one or both of the following: 

1. Cataplexy and a MSL ≤8 minutes and 2 or more SOREMPs on MSLT performed 
according to standard techniques. A SOREMP on the preceding nocturnal PSG (i.e., 
REM onset within 15 minutes of sleep onset) may replace one of the SOREMPs on 
the MSLT.  

2. CSF hypocretin 1 concentration is either ≤110 pg/ml or <1/3 of mean values 
obtained in normal subjects with the same standardized assay 

 
Narcolepsy type 2 (without hypocretin deficiency) - all 5 of the following criteria must be met: 

1. The patient has daily periods of irrepressible need to sleep or daytime lapses into sleep 
occurring for at least 3 months. 

2. A mean sleep latency ≤8 minutes and 2 or more SOREMPs on MSLT performed according to 
standard techniques. A SOREMP (within 15 minutes of sleep onset) on the preceding 
nocturnal PSG may replace one of the SOREMPs on the MSLT. 

3. Cataplexy is absent. 

4. Either CSF hypocretin 1 concentration has not been measured or CSF hypocretin 1 
concentration is >110 pg/ml or >1/3 of mean values obtained in normal subjects with the 
same standardized assay. 

5. The hypersomnolence and/or MSLT findings are not better explained by other causes such 
as insufficient sleep, obstructive sleep apnea, delayed sleep phase disorder, or the effect of 
medication or substances or their withdrawal. 

 

MSL; mean sleep latency, SOREMP; sleep onset rapid eye movement period, MSLT; multiple sleep latency test, 
REM; rapid eye movement, PSG; polysomnography, CSF; cerebrospinal fluid 
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1.1.4 Narcolepsy symptoms 

The typical symptoms in patients with narcolepsy are EDS, cataplexy, HH and SP (1, 30) and 

fragmented sleep (36). Other features such as micro-sleep (sleep-attacks lasting for only a 

few seconds), automatic behavior and sleep drunkenness (episodes of confusion) are 

recognized as additional symptoms (30, 37).    

 

Excessive daytime sleepiness 

EDS is the main symptom in narcolepsy and is mandatory for the diagnosis (1). The extent of 

sleepiness varies among patients, and the severity of the sleepiness fluctuates during the 

day. Typically, it is described as an impossibility to stay awake, and small involuntary sleep 

attacks will occur during the day. The sleep attacks seldom come abruptly and are preceded 

by periods of drowsiness. In contrast to children with narcolepsy, adult patients normally 

feel recovered for a short time after involuntary sleep attacks or after taking voluntary naps 

(30). Active stimulation and physical activity may be ways to cope with the tiredness.    

 

Cataplexy 

Cataplexy is characteristic for NT1. It is defined as sudden paralysis of muscles triggered by 

emotions, however, consciousness is preserved. Typically emotions triggering cataplexy are 

laughter, excitement and anger. Patients may have partial cataplectic attacks which may or 

may not develop into a total cataplectic attack and collapse of the body. All striated muscles 

may be involved, however, eye movement and respiratory muscles are not affected (36). 

The expression of cataplexy varies between patients and may be subtle and therefore 

difficult to recognize. Children may present with head-nodding and tongue protrusion as the 

only expression (30, 37, 38).    
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Hypnagogic and hypnopompic hallucinations 

Hypnagogic hallucinations and hypnopompic hallucinations are hallucinations that occur in 

the transitional period either when falling asleep or when waking up, respectively. The 

prevalence of HH in patients with narcolepsy is reported to be around 30% (36). This 

phenomenon may also occur in healthy individuals (39). The images are often unpleasant 

and bizarre. They are distinct from nightmares and may be terrifying for the patient. 

Hallucinations may be visual, auditory or tactile. The hallucinations may be misinterpreted as 

psychotic disorders. In contrast to HH, psychotic hallucinations appear when being fully 

awake, but since patients with narcolepsy have sleep attacks, including REM sleep, during 

the day, differentiating between the two may be difficult (36, 39).   

 

Sleep paralysis 

Sleep paralysis is the inability to move either right after waking up or just before falling 

asleep. The attacks may last for seconds to minutes. Sleep paralysis may accompany with HH 

potentially making the hallucinations even more frightening (30). Even the smallest 

movements like opening an eye can be difficult. The atonia is similar to the muscle atonia 

seen in complete cataplectic attacks (36).  

 

REM sleep phenomenon 

Cataplexy, SP and HH are thought to be REM sleep related phenomena, implying that REM 

sleep may interfere with different sleep stages and wakefulness. Neurophysiological studies 

indicate that cataplexy shares a common mechanism with REM sleep atonia (30). Although 

the mechanism is not fully established, the absence of hypocretin signaling may lead to 

dysregulated transition between sleep stages and wakefulness as hypocretin is hypothesized 

to work as a stabilizer between sleep and wakefulness. However, this theory alone cannot 

fully explain why cataplexy is triggered by emotions. A plausible explanation is that the 

hypocretin neurons are involved in the regulation of the area in the brain responsible for 

muscle atonia (2). Healthy individuals without narcolepsy may also feel weakening in muscle 

groups when laughing or when experiencing a strong emotion (39). 
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Fragmented sleep 

Regulating sleep-wakefulness and maintaining sleep stage stability are the central 

downstream effects of the hypocretin-system. The lack of functional hypocretin-

transmission leads to severe sleep-wake fragmentation, such as seen in NT1. Fragmented 

sleep is associated with behavior problems and poorer school functioning in healthy children 

and in patients with other sleep disorders such as in obstructive sleep apnea syndrome 

(OSAS) and restless legs syndrome (RLS) (40-42).  Moreover, psychiatric disorders such as 

depression and anxiety may be accompanied by sleep disturbances such as frequent 

awakenings (43). 

 

1.1.5 Epidemiology 

Most studies of the prevalence of narcolepsy contain a mixture of patients with NT1 and 

NT2, hence the true prevalence of NT1 is to the best of our knowledge not well documented. 

Nevertheless, the estimated total prevalence of narcolepsy in Western countries is 20–50 

per 100,000 (44, 45). The prevalence of narcolepsy is higher in Japan than in Europe and 

North America and lower in Israel (30). There are few published studies on the incidence of 

narcolepsy. Silber et al. reported an incidence rate of narcolepsy with cataplexy of 0.74 per 

100 000 per year over a 30 year period based on a US-population (46). Wijnans et al. reports 

a stable incidence rate of 1 per 100 000 per year in a European based population (45). After 

the H1N1 influenza epidemic and vaccination campaign, there was an increase in the 

incidence rate in several counties, especially in children and adolescents aged 5-19 years (3-

5, 47). Sweden reported a 25 fold increase in incidence (4), Finland detected a 13-fold 

increase (5, 48) and Norway a 10 fold increase (3) in incidence after the H1N1 epidemic and 

vaccination campaign. Males have been reported to have a slightly higher risk of NT1 than 

females (1.2 males per 1 female) (46). The debut of symptoms varies with a bimodal 

distribution, including a large peak around 15 years of age and a smaller peak around 36 

years (49). Narcolepsy is associated with a long diagnostic delay (50), which may affect the 

prevalence numbers. Moreover, there seems to be a seasonal variation in narcolepsy. 

Dauvilliers et al. showed that subjects born in March have significantly higher narcolepsy 

rates, and the occurrence of onset is seasonal, typically highest in spring and summer (51). 
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1.1.6 Genetics   

There is a 2.8% - 5.6% risk of NT1 in first degree relatives, indicating the important role of 

genetics in developing NT1 (52). The first discovery of a genetic association was made  by a 

Japanese group led by Dr. Honda in 1983 who found an association between narcolepsy and 

the HLA gene, HLA-DR2 (53).   

HLA genes encode the different antigen-presenting major histocompatibility complex (MHC) 

molecules which are cell surface proteins essential for the acquired immune system to 

recognize foreign molecules. The main genetic risk factor for narcolepsy is the HLA

DQB1*06:02 allele encoding MCH class II (2, 28). Studies have shown that 98% of NT1 

patients carry the HLA DQB1*06:02 allele. For the 2% of NT1 patients that do not carry the 

allele, other mechanism may be involved (28). HLA DQB1*06:02 is carried by approximately 

18% of the general Norwegian population (54).  

 

1.1.7 Autoimmune hypothesis 

Parkes et al. suggested in 1986 that the immune system could be involved in the 

pathogenesis of narcolepsy (55). An autoimmune selective destruction of hypocretin 

neurons localized in the posterior hypothalamus is now the leading theory as the cause of 

NT1 (56, 57). There are several indications for this hypothesis other than the strong 

association between NT1 and HLA-DQB *0602. Studies have shown that infections may 

precede the debut of narcolepsy symptoms indicating an immune mediated reaction (58). A 

study reported  that an antibody against tribbles homologe 2 (TRIB2), a protein produced by 

hypocretin cells among other cells, are present in patients with NT1 (59). However, the 

direct causative role of TRIB2 in the development of narcolepsy is questioned (2), and this 

finding was not confirmed in a study of patients with PPN (60). The mechanism leading to 

the destruction of hypocretin cells is not known. It is suggested by Kornum et al. that the 

most important components include T cells (immune responsive cells), microglia (cells in 

brain and spinal cord) and antibodies. Antigen presentation by MHC class II molecules to 

CD4+ T cells (helper cells) is central in the pathophysiology of NT1, by triggering an immune 

response. The possible mechanism of the destruction of hypocretin neurons is that 

autoreactive T cells and antibodies enter the brain and that T cells or microglia release 
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cytokines and chemokines (cell signaling proteins). This will lead to the invasion of more 

immune cells damaging the hypocretin neuros or making them vulnerable to attack from 

CD8+ T cells (killer cells) leading to neuronal loss. CD4+ T cells can enter a healthy brain, 

however, antibodies only cross the blood-brain barrier if the blood-brain barrier is impaired 

in one way or another, potentially due to an infection (2).  

 

1.1.8 Hypocretin 

Hypocretin, also called orexin, was discovered in 1998 by two independent research groups. 

De Lecea and coworkers (61) named the neuropeptide hypocretin as it was localized in the 

posterior lateral hypothalamus and resembled the gut-hormone secretin, while Sakurai and 

coworkers (62) named the neuropeptide orexin as it increased appetite. Even though both 

names are used, hypocretin is in many settings, especially in regard to narcolepsy, the 

preferred. Hypocretin consists of 2 peptides (hypocretin 1 (also called orexin A), and 

hypocretin 2  (also called orexin B)) produced from the same precursor (preprohypocretin) in 

approximately 70.000 neurons located in the perifornical lateral hypothalamus (63). In 1999, 

Lin and coworkers discovered that canine narcolepsy was caused by a mutation in the 

hypocretin 2 receptor (64). A year later Nishino et al. (65) reported that hypocretin levels in 

cerebral spinal fluid (CSF) were low in patients with narcolepsy, and Thannickal et al. 

reported reduced amount of hypocretin neurons in the hypothalamus in narcolepsy patients 

(66).  

 

Hypocretin and arousal 

The hypocretin-system plays a role in the regulation of sleep-wake transition, but the various 

effects on these processes are regulated by different brain regions and systems. Research 

indicates that  hypocretin acts as a coordinator for maintenance of sleep and wakefulness 

and the transition between these, rather than generating sleep directly (67). The pathways 

through which it interacts are thought to be via many neurotransmitter systems (29, 67, 68). 

The hypocretin neurons send excitatory projections to the entire central nervous system, 

with the exception of the cerebellum. The excitatory effects on the monoaminergic and 
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cholinergic nuclei in the brain stem and hypothalamic regions including norepinephrenic 

neurons of the locus coeruleus, serotonergic neurons of the dorsal raphe nucleus, 

histaminergic neurons of the tuberomamillary nucleus and dopaminerigic neurons of the 

ventral tegmental area, increase arousal and maintains wakefulness. Moreover, hypocretin 

has excitatory effects on cholinergic neurons of the basal forebrain which is important in 

maintaining attention and arousal (67, 68). Generally, neurons in these cell groups are most 

active during wakefulness, have decreased activity during NREM sleep, and exhibit no 

activity during REM sleep (68). The neurons responsible for inhibiting hypocretin neurons are 

the GABAergic neurons from the venterolateral preoptic area. It is believed that hypocretin 

functions within a “flip-flop” model, stabilizing wakefulness and preventing aberrant 

switching between the states. However, this does not explain how the states can 

simultaneously be present at the same time, such as the intrusion of REM sleep into a 

wakeful mind (68). 

 

Hypocretin and stress  

Hypocretin also plays an important role in stress response as it influences neuroendocrine 

function by stimulating the hypothalamic–pituitary–adrenal axis (69). This is believed to be 

mediated by activating corticotropin releasing factor-expressing neurons in the 

periventricular hypothalamic nucleus and the central nucleus of the amygdala (69). 

Experimental studies show that activation of hypocretin 1 receptor promotes anxiety-like 

behavior. This interaction is reciprocal and hypocretin is activated by exposure to various 

stressors (70). 

 

Hypocretin, feeding behavior and energy metabolism  

As mentioned, hypocretin was originally known to increase appetite. This is to some degree 

mediated by activation of neuropeptide Y neurons in the arcuate nucleus (71). The 

hypocretin neurons project to the dopaminergic neurons of the ventral tegmental area that 

are associated with the reward system and to the hypothalamic nuclei that stimulate feeding 

behavior (68, 71). Furthermore, hypocretin seems to be involved in the regulation of energy 
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homeostasis. Experimental studies have shown that hypocretin neuron-ablated mice display 

narcolepsy, hypophagia and obesity. Reduced feeding and obesity may be a result of an 

underlying reduction in energy expenditure, either due to decreased motor activity and/or a 

lower basal metabolic rate (72). Intracerebral infusion of hypocretin 1 increases feeding 

behavior in rats (71), so a decreased hypocretin level would be expected to reduce food 

consumption and decrease body weight (73). From an evolutionary perspective, when 

experiencing shortage of food, the hypocretin system will activate, enhancing wakefulness 

so that one can seek out food (74).  

 

1.2 Narcolepsy after the influenza A (H1N1) epidemic and vaccination 

campaign  

1.2.1 H1N1 epidemic and vaccination campaign 

In 2009 the World Health Organization (WHO) declared a pandemic caused by the influenza 

A virus H1N1, also known as the “swine flu”. This influenza strain resembled the influenza 

virus responsible for the Spanish flu (1917-1920), which probably caused the death of  50-

100 million people (75). It was predicted that the virus would cause an epidemic in Norway 

which would peak around autumn 2009 (76). 

Eight different vaccines were licensed internationally. The Pandemrix vaccine, produced by 

GlacsoSmithKline was the most used vaccine in Europe and also the one recommended to 

Norwegian citizens. It was an adjuvanted vaccine, which had shown a longer lasting 

immunity compared to non-adjuvanted vaccines (77). The vaccination started in September 

2009, and the order of priority was suggested by WHO and the European Unit Health 

Security Committee. The groups targeted first were patients with underlying medical 

conditions, followed by pregnant women, health workers and finally children. Vaccination of 

these groups started around week 38 in Norway. Vaccination of the rest of the populations 

started around week 43. The vaccination coverage in Norway was 41.3%. The percentage of 

vaccinated children below 5 years of age was 47%. The number of laboratory confirmed 

H1N1 influenza cases in 2009/2010 season was almost 14 000 (approximately 200/100 000). 

147 patients were admitted to an intensive care unit, and 32 patients died. In the following 

season 2010/2011 the incidence of H1N1 influenza cases was just below 30/100 000.  
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The laboratory confirmed H1N1 influenza incidence peaked in week 45, when the 

cumulative Pandemrix vaccine coverage was just below 10%. Hence, the vaccines were 

distributed late relative to the epidemic peak (76).  

 

Figure 1. Pandemic vaccination coverage and influenza A (H1N1) cases 

.

 

 

―Influenza A (H1N1) 

―Influenza B 

―Vaccine coverage 

 

Figure 1 shows the cumulative pandemic vaccination coverage and laboratory-confirmed influenza A 

(H1N1) and influenza B cases by week, influenza seasons 2009/10 and 2010/11 in Norway. Reprinted 

with permission from Euro Surveillance (76), Copyright 2016. 
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1.2.2 Post Pandemrix narcolepsy  

The possibility of narcolepsy being a rare side effect of H1N1 flu vaccination was first 

reported by the Swedish Medical Product agency in August 2010 (78). Additional cases 

potentially linked to Pandemrix vaccination were reported from Finland and also from sleep 

centers in Canada, France and America (6). Furthermore, China reported a 3 fold increase in 

narcolepsy incidence possibly due to the influenza virus itself and not the vaccine since the 

vaccination coverage was low and only 5.6% of the patients recalled receiving vaccine (51). 

The exact mechanism of how the Pandemrix vaccine could cause NT1 is not yet proved (45). 

However, it has been acknowledged as an adverse effect of the vaccine, and patients have 

received reimbursement from The Norwegian System of Patient Injury Compensation (NPE) 

which is a government agency under the Norwegian Ministry of Health and Care Services. 

Further, it has been speculated if patients with PPN have a different phenotype than those 

of SN (5, 6).  

 

1.3 Health related quality of life  

1.3.1 What is health related quality of life? 

WHO defines quality of life as an individual's perception of their position in life in the context 

of the culture and value systems in which they live and in relation to their goals, 

expectations, standards and concerns (79). It is a broad ranging concept affected in a 

complex way by the person’s physical health, psychological state, level of independence, 

social relationships, personal beliefs and their relationship to salient features of their 

environment. HRQoL considers many different aspects related to a person’s perception of 

quality of life affected by health status. These include physical, psychological, functional and 

social aspects. Objective physiologic measures provide information to clinicians, but often 

correlate poorly with functional capacity and well-being, the areas in which patients are 

most interested. Even more, the subjective experience in a given condition or situation may 

be dramatically different between patients. The purpose of HRQoL measurement is to 

evaluate and quantify the degree to which the medical condition or its treatment impacts 

the individual’s life in a valid and reproducible way (79). 
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1.3.2 Health related quality of life in narcolepsy 

Cross-sectional studies have shown impaired HRQoL in patients with narcolepsy in both 

children and adults as well as in PPN and SN patients (15, 16, 80-83). There are several 

factors that may influence HRQoL in patients with narcolepsy. First to be mentioned are the 

symptoms of narcolepsy themselves, such as EDS and cataplexy. Stores et al. found no 

significant differences between HRQoL in patients with narcolepsy and those with EDS due 

to other causes than narcolepsy, and concluded that EDS is the main factor responsible for 

the impaired HRQoL (84). In contrast, Ozaki et al. found that the severity of subjective 

sleepiness was not related to the degree of decline of HRQoL (81). Patients with narcolepsy 

often experience challenges in their education, school performance and social relationships, 

and they have fewer leisure activities (82, 85). As suggested by several authors, the clinical 

symptoms in addition to the social problems may lead to a decrease in psychosocial function 

and hence, affect HRQoL (80, 82, 85). Other factors likely to affect HRQoL in patients with 

narcolepsy are other coexisting disorders and additional symptoms such as depression (86). 

Depressive symptoms are common in patients with narcolepsy, and Inocente et al. found 

depression to be the factor with the greatest impact on HRQoL in patients with NT1 (86). 

 

1.4 Psychiatric symptoms  

1.4.1 Sleep and psychiatry 

Psychiatric disorders are associated with sleep disturbances, sleep architecture and the 

circadian rhythm. They are codependent conditions, and the relationship between 

psychiatric disorders and sleep disturbances are bidirectional (87).  

About two-thirds of patients with depression experience some type of insomnia, including 

sleep-onset insomnia, frequent awakenings and early morning awakenings. Hypersomnia is 

reported in 19% (87). There may be a combination of insomnia and hypersomnia, which is, in 

children, associated with a more severe depression (87). Interestingly, other sleep 

abnormalities such as the symptoms sees in narcolepsy have been reported in patients with 

depression. Szklo-Coxe et al. found a 2.3 fold increase in HH, 2.9 fold increase in SP as well as 

a 3.2 fold increase in cataplexy-resembling episodes (88). PSG findings in depressed patients 

show abnormalities in the sleep architecture with reduction in SWS, and an increased 
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percentage of REM-sleep. As for anxiety disorders, the percentage of SWS is decreased, and 

a positive correlation between anxiety severity and number of awakenings has been 

reported. Furthermore, childhood sleep problems may be a predictor for anxiety disorder in 

adulthood (87, 89). 

Patients with bipolar disorders typically have two different sleep patterns when being in a 

manic phase or when being depressed. In the depressed phase, sleep pattern and PSG 

findings resemble those of depression. In the manic phase, subjects may feel that 2-4 hours 

of sleep is sufficient. PSG will show a reduction in total sleep time and a short REM sleep 

latency. Acute psychosis is often associated with severe sleep problems, and sleep efficiency 

may be reduced prior to psychosis. Psychotic patients may have problems initiating sleep 

and may have partially or completely disrupted daily circadian rhythm.   

The prevalence of sleep problems in patients with ADHD is reported to be up to 55%. 

Various sleep disorders such as periodic leg movement, RLS, insomnia, increased nocturnal 

motor activity and sleep-breathing disorders are associated with ADHD. Although the causes 

of ADHD may be multifactorial, it is hypothesized that ADHD in some children is a “night and 

day disorder”, implying that disturbed night contributes to the inattention and hyperactivity 

(90).  

 

1.4.2. Narcolepsy and psychiatry 

Narcolepsy was in the very beginning recognized as a psychiatric disorder. Daniels et al. 

claimed in 1934 that before the onset of the disorder, patients showed neurotic and 

psychopathic tendencies in their personalities (91). Authors reported a high prevalence of 

personality disorders, depression, schizophrenic tendencies as well as anger issues (92). In 

1976, Roy et al. dismissed that there was a characteristic personality or psychopathology in 

patients with narcolepsy, but he claimed that the distress of having narcolepsy, including the 

withdrawal and impaired social life leads to development of personality disorders (92).  

The psychiatric aspects of narcolepsy have in the later years received much attention as 

several more recent studies support the high prevalence of psychiatric disorders in patients 

with NT1. Depression, anxiety disorders, bipolar disorders, obsessive compulsive disorders, 
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eating disorders, ADHD, schizophrenia and even autism spectrum disorders, are among the 

reported comorbidities (8, 9, 93-96). However, it should be emphasized that several of the 

reported comorbidities are based on questionnaires and not a thorough evaluation by a 

psychiatrist. This does not diminish the importance of the findings, on the contrary, it 

underlines the relevance of possible symptom overlap and plausible common 

pathophysiological mechanism.  

 

1.5 Comorbidities  

1.5.1 Medical comorbidity  

 NT1 patients have a higher prevalence of other concomitant sleep disorders such as OSAS, 

RLS and REM sleep behavior disorder (8, 97). Medical comorbidity, such as disorders of the 

digestive tract (8, 98), nervous system (97, 98), upper airway, endocrine disorders, metabolic 

disorders (8, 97)  autoimmune disorders (99) and heart disorders (8) are also reported with a 

higher prevalence in patients with narcolepsy compared to in controls. Studies are, however, 

divergent (100). The most striking finding is the high prevalence of overweight and obesity 

which is present in 30-60% of patients with NT1 (8, 11, 12, 101).   

The hypocretin-system is involved in the regulation of autonomic nervous function and may 

therefore influence sympathetic activity which regulates cardiovascular activity (102). 

Animal studies have shown an increase in blood pressure and heart rhythm after 

administration of hypocretin, believed to be due to an excitatory effect on sympathetic 

activity (103). However, Grimaldi et al. found that patients with narcolepsy had a nightly 

blood pressure non-dipping pattern indicating an increased sympathetic activity in NT1 

patients, despite hypocretin deficiency (104). Nightly blood pressure was associated with 

increased amount of fragmented sleep. The authors propose that the cardiovascular changes 

may be a result of not only the hypocretin deficiency and the effect of this on regulatory 

mechanisms, but also an altered sleep-wake mechanism (104). Jennum et al. report a slightly 

but not significantly increased mortality rate in patients with NT1 (97). 
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1.5.2 Obesity 

Early case series from 1934 suggested an association between narcolepsy and obesity (91, 

105). This has been confirmed in several consecutive studies of both children and adults with 

narcolepsy (8, 11, 12, 101). Studies of SN patients have shown that early onset of symptoms 

is associated with obesity (11, 12) . In addition, an early onset of symptoms has been 

associated with a greater disease severity. Thus, one may speculate whether obese patients 

also have a more severe narcolepsy (37).   

As described in more detailed in paragraph 1.1.8, the hypocretin neuropeptide itself is 

known to stimulate appetite, and in experimental studies, central administration of 

hypocretin 1 increases food intake (71). It is therefore rather paradoxical that hypocretin 

deficient patients have a tendency to be obese (73). Furthermore, the increase in weight is 

despite a reduced daily intake of calories compared to controls (106). 

Appetite may be increased as a result of decreased serum level of leptin, which is an 

appetite-suppressing hormone. Decreased leptin-binding in the hypothalamus may lead to 

disinhibition of neuropeptide Y, which is a potent appetite stimulant (107, 108). Obesity may 

also be the results of circumstances related to narcolepsy symptoms, such as EDS that may 

result in reduced energy expenditure. This is supported by the fact that other sleep disorders 

also have a higher prevalence of obesity (12, 109, 110). Eating can be a coping mechanism in 

an attempt to try to stay awake which may be a reason why narcolepsy patients tend to 

choose food with high percentage of carbohydrates and calories (111, 112). 

 

1.5.3 Fatigue  

Fatigue may be defined as a subjective experience of mental or physical exhaustion that 

does not disappear after a period of sleep (14). Differentiating between fatigue and 

sleepiness may be challenging, in particular in children (86). Individuals with fatigue 

demonstrate sleepiness, and vice versa implying that there may be a shared biological basis 

between fatigue and sleepiness, or that there might be overlap of symptoms (113). Although 

further documentation is still needed, there are studies showing that the majority of 

patients with narcolepsy suffer from severe fatigue (14, 86, 114). Individuals with 
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hypersomnia of other causes than narcolepsy also demonstrate substantial fatigue, 

suggesting that the sleepiness itself causes fatigue (113).  

 

1.6 Treatment 

There is not yet any cure for narcolepsy. Pharmacological treatment, as well as non-

pharmacological treatment, is based on relieving various narcolepsy symptoms, such as EDS, 

cataplexy, hypnagogic hallucinations and fragmented sleep (30). A combination of 

medications is often needed to address the various symptoms. Experimental immune-

modulating therapy with immunoglobulins has shown inconclusive results (115, 116). Among 

promising future medical treatment is hypocretin replacement therapy, which would be the 

ultimate gold standard. However, the blood-brain barrier seems to be impermeable to 

hypocretin 1. Experimental studies are still in process (117). Table 2 lists the most common 

medications used in the treatment of NT1. 

 

Non-medical treatment 

Most patients, either medicated or non-medicated, benefits from a regular and consistent 

sleep hygiene and taking short naps during the day (118). A multidisciplinary approach is 

important and should address problems concerning school performance, psychosocial 

distress and comorbidity including psychiatric and nutritionist evaluations (119, 120).  
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2. THESIS AIMS 
The aim of this thesis was to characterize the phenotype in patients who developed NT1 

after the H1N1 influenza epidemic and vaccination campaign in 2009 in Norway, primarily 

focusing on HRQoL, psychiatric symptoms and medical comorbidities (overweight /obesity in 

particular). Further, we aimed to explore factors that could be associated with HRQoL and 

changes in HRQoL (Paper I), psychiatric symptoms (Paper II) and overweight/obesity (Paper 

III).        

 

Paper I  

The primary aim of the study was to prospectively study changes in HRQoL over time in a 

Norwegian cohort of mainly post-H1N1 vaccination NT1 patients. The secondary aim was to 

investigate possible predefined predictors for changes in HRQoL; EDS, level of psychiatric 

symptoms and the use of sodium oxybate.  

 

Paper II  

The primary aim of the study was to explore the extent and characteristics of psychiatric 

symptoms among children and young adults who developed NT1 after the H1N1 influenza 

epidemic and vaccination campaign in 2009 in Norway. We hypothesized a high prevalence 

of psychiatric symptoms. We further wished to explore possible explanations for the high 

prevalence of psychiatric symptoms. There may be symptom overlap, psychiatric symptoms 

may be secondary to the narcolepsy symptoms, EDS in particular or NT1 and psychiatric 

symptoms may share common pathophysiological mechanisms.  

 

Paper III  

The primary aim of the study was to study the extent of overweight and obesity and other 

medical comorbidities among Norwegian patients who developed NT1 after the 2009 H1N1 

influenza epidemic and vaccination campaign. We also wanted to explore possible 
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associations between overweight/obesity and the following factors: age at disease onset, 

disease duration, various indicators of severity of narcolepsy (cataplexy, sleepiness, 

fragmented sleep, hypocretin 1 levels), and additional comorbidities (psychiatric symptoms, 

medical comorbidities, fatigue). 
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3. MATERIALS AND METHODS 

3.1 Study design 

The three studies included in the PhD thesis are parts of a larger national project called 

“Phenotype and pathogenesis of narcolepsy following H1N1-vaccination in Norway”. Paper I; 

“Changes in quality of life in individuals with narcolepsy type 1 after the H1N1-influenza 

epidemic and vaccination campaign in Norway: a two-year prospective cohort study”, was a 

prospective observational study where the main outcome was to evaluate changes in HRQoL 

over time. The two following papers, “Psychiatric symptoms in patients with post-H1N1 

narcolepsy type 1 in Norway” (Paper II) and “Obesity, other medical comorbidities and 

fatigue among NT1 patients after the Norwegian H1N1 influenza epidemic and vaccination 

campaign” (Paper III), were observational studies with cross-sectional design. 

 

3.2 Setting 

The studies were carried out at the Norwegian Center of Expertise for Neurodevelopmental 

Disorders and Hypersomnias (NevSom), Oslo University Hospital (OUH), Ullevål, between 

February 2015 and September 2017. NevSom is an expertise center, which was delegated a 

central role in surveying patients who developed narcolepsy after the H1N1 influenza 

epidemic and vaccination campaign autumn 2009 by the Norwegian Ministry of Health and 

Care Services. Patients diagnosed with narcolepsy after the H1N1 influenza epidemic and 

vaccination campaign, were reported to NevSom either by direct reports from hospitals and 

clinicians or by the results from hypocretin 1 measurements. Patients were recruited by 

telephone calls, after receiving a letter with study information and a battery of 

questionnaires in advance. The majority of the patients had CSF collected by lumbar 

puncture for hypocretin measurements at their local hospital prior to inclusion. The 

hypocretin 1 measurements were performed at the Hormone Laboratory at OUH, Aker, with 

the method described by the producer, Phoenix Pharmaceutical St. Joseph, MO, USA (128). 

Clinical examinations, sleep investigations and blood samples were performed at NevSom. 

Semi-structured interviews were conducted in relation to inclusion. Baseline questionnaires 

used for Paper I were collected either by returning the questionnaire by post or handling 
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them personal to NevSom. Follow up data for Paper I was collected through telephone 

interviews.  

 

3.3 Study sample and participants  

The project’s inclusion criteria were: age 5-99 years, onset of narcolepsy symptoms after 

autumn 2009 and narcolepsy diagnosis based on the ICSD-3 (1). 

In December 2014, 91 individuals identified as our national cohort of narcolepsy patients 

with onset after autumn 2009 were invited to participate in the study and were sent 

baseline questionnaires. During the inclusion period, an additional 47 individuals were made 

known to us by one of the ways described above. Of the 138 eligible participants, 38 

individuals chose not to participate. Four individuals were excluded because they did not 

fulfill the diagnostic criteria for NT1. Five individuals were excluded because they had onset 

of symptoms before 2009. One of these five patients had typical core narcolepsy symptoms, 

but we discovered that she had had debut of symptoms immediately before vaccination with 

Pandemrix. She was included in Paper I, but excluded from the two following studies. 

During the first quarter of 2015, 42 of the 91 patients who had received the baseline 

questionnaires in 2014 returned them. Only 36 of the returned questionnaires were 

complete, and three of the participants that had returned the questionnaire were among the 

participants excluded as described above (see also Figure 2 below). A total of 76 participants 

answered the questionnaire concerning psychiatric symptoms (Paper II).   
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Figure 2. Flow chart of inclusion 

 

* One of the nine individuals excluded from the project was included in Paper I. 

 

3.4 Sleep investigations and scoring  

Sleep investigation 

Patient’s circadian rhythm was monitored with actigraphs (Actiwatch Spectrum Plus, Phillips) 

for 10-14 days prior to the sleep investigations. For the overnight PSG recording, patients 

slept at the at Ullevål Hospital Hotel.  PSG recordings were assessed with the SOMNOmedics 

system (SOMNOmedics GmbH, Randersacker, Germany) according to the recommendations 

of the American Academy of Sleep Medicine (AASM) Manual for the scoring of sleep and 

associated events: rules, terminology and technical specifications version (129). The 

impedance was controlled before sleeping and adjusted if necessary as we aimed to keep 

the impedance beneath 5 Ω. The overnight PSG recording was followed by MSLT which was 

carried out at the sleep laboratory at NevSom. Patients were given five nap opportunities of 
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30 minutes with two hours interval. The same equipment was used in the MSLT recordings 

as in PSG recordings, except that the nasal thermistor, nasal pressure transducer and 

respiratory belts for measuring respiratory effort, were removed for the MSLT recordings. 

Impedance was controlled before each MSLT.  

 

Sleep scoring 

Sleep stage and associated events were scored according to the AASM (129). All patients 

(except for one case where venlafaxine was continued due to severe cataplexy) ceased 

narcolepsy medication 10-14 days prior to inclusion. Table 2 lists the relevant sleep events 

and their definitions for the papers in this thesis.  

   

Table 2. Sleep events 

Sleep event 

 

Definition 

Total sleep time (TST)(hours) 

 

Period of time in bed between light off and light 

on markers excluding the wake stage 

Apnea hypopnea index (AHI) Number of apneas and hypopneas events 

divided by TST 

Awakening index Number of wake periods divided by TST 

 

Sleep stage change index Number of sleep stage changes divided by TST 

 

SOREM At least one epoch of REM sleep within the first 

15 minutes after sleep onset. 
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3.5 Anthropometric measurements and blood pressure 

Performance 

Patient’s weight was measured wearing light clothing using a portable Konig Electronic HC-

PS500 scale. Height was measured using a Seca (CE0123) stadiometer (Vogel & Halke, 

Hamburg, Germany) to the nearest 0.5 cm. Waist circumference was measured at the 

midpoint between the upper part of the iliac crest and the lower part of the lateral rib cage 

using a standard anthropometric tape. Blood pressure was measured using a portable blood 

pressure monitor (US-1020 Digital Blood pressure monitor, A&D Medical, San Jose, CA, USA). 

Patients had rested for five minutes and blood pressure was measured three times with one 

minute intervals.  

 

Calculations and definitions 

We used the standard calculation for body mass index (BMI=kg/m2). In adults BMI was 

classified according to definitions set by the International Obesity Task Force (IOTF) (130); 

normal weight BMI from 18.5-24.9; overweight BMI from 25-29.9; obesity class I BMI from 

30.0-34.9; obesity class II BMI from 35.0-39.9; obesity class III BMI ≥40 kg/m2. For patients 

younger than 18 years, the BMI was converted to the age and sex adjusted children’s BMI SD 

score (BMI z-score) using the formula from the IOTF (130). BMI in children (iso-BMI) was 

defined by the BMI value that corresponded to the IOTF threshold for normal weight, 

overweight (IOTF-25), obesity (IOTF-30) and morbid obesity (IOTF-35) for the child’s age and 

sex.  

We calculated the waist-to-height ratio by the formula waist/height. Waist-height ratio was 

classified according to the cut-off of 0.5 set by the WHO. Waist-to-height ratios below the 

cut-off were considered normal, and ratios at or above cut-off were considered to indicate 

abdominal obesity.  

We used the mean blood pressure value, and hypertension was classified according to The 

Task Force for the Management of Arterial Hypertension of the European Society of 

Hypertension and the European Society of Cardiology (131). For study participants younger 
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than 20 years, mean systolic and diastolic blood pressures were converted to age and sex 

adjusted z-scores with respect to a reference distribution (132). 

 

3.6 Questionnaires 

Stanford Sleep Questionnaire 

We used the Stanford Sleep Questionnaire (SSQ) to evaluate severity of sleep symptoms. 

The English version was translated to Norwegian through the well-established forward-

translations and back-translations (133). Two native Norwegian physicians (Hilde Therese 

Juvodden and the candidate) performed the forward translation and the back-translation 

was performed by a professional translator.  

 

Medical comorbidity 

Medical history was obtained by semi-structured interviews using a comprehensive list of 

disorders.   

 

Health related quality of life survey  

To assess HRQoL, we used the Norwegian version of Pediatric Quality of Life™ Generic Core 

Scales 4.0 (PedsQL). We used the self-reported versions that are available for different age 

groups where items are age appropriate and essentially identical. The PedsQL is a 23-item 

questionnaires which can be divided into four functioning scales; 1) physical (eight items); 2) 

emotional (five items); 3) social (five items); and 4) school (five items) (134). Each item is 

scored on a five-point response scale, referring to how much of a problem each item has 

been during the past month (0 = never a problem, 1 = almost never a problem, 2 = 

sometimes a problem, 3 = often a problem, 4 = almost always a problem).  Items are 

reverse-scored and linearly transformed to a 0 to 100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 

= 0), and higher scores indicate better HRQoL. The scores were computed according to the 

scoring instruction manual (135).  
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Fatigue survey 

To assess fatigue we used the Norwegian version of the Pediatric Quality of Life 

Multidimensional Fatigue Scale (PedsQL Multidimensional Fatigue Scale). We used self-

reported versions that are available for different age groups where items are age 

appropriate and essentially identical. PedsQL Multidimensional Fatigue Scale is an 18-

itemquestionnaire which can be divided into three subscales, each subscale containing 6 

items; 1) general fatigue; 2) sleep/rest fatigue; and 3) cognitive fatigue. The scoring 

instructions are similar to those of the PedsQL described above and were computed 

according to the instruction manual (136). 

 

Psychiatric symptoms survey 

To assess psychiatric symptoms, we used the Norwegian version of the Achenbach System of 

Empirically Based Assessment (ASEBA) Child Behavior Checklist (CBCL) for patients aged 6–

18 years and the corresponding Adult Self Report (ASR) for patients aged 18–59 years. The 

CBCL consists of 120 items in eight syndrome scales: anxious/depressed, 

withdrawn/depressed, somatic complaints, social problems, thought problems, attention 

problems, rule-breaking behavior, and aggressive behavior. The ASR and CBCL are 

equivalent, with the exception that in the ASR the social problem syndrome scale is replaced 

by that of intrusive behavior. Each item is scored on a three-point response scale (0 = not 

true, 1 = somewhat or sometimes true, and 2 = very often true) which are then added to 

compute a sum score.  

The scores from the syndrome scales; anxious/depressed, withdrawn/depressed and 

somatic complaints are used to derive an internalizing symptoms score. The scores from the 

syndrome scales; rule-breaking behavior, aggressive behavior and intrusive behavior (adults 

only) are used to derive an externalizing symptoms score. A total psychiatric symptoms score 

is derived by all the syndrome scales. The questionnaires were manually scored, and the raw 

scores were converted into T-scores to enable comparison. In order to assess if patients had 

problems of clinical concern, scores were measured against percentiles from a normative 

non-referred population.  
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3.7 Statistics 

All statistical analyzes were performed with IBM SPSS version 23 (Paper I and II) and version 

25 (Paper III). Data were presented as frequencies, means with standard deviation (SD) or 

95% confidence intervals (CI) or medians with interquartile ranges (IQR), as appropriate. 

Values of p < 0.05 were considered statistically significant.  

 

Paper I 

In Paper I, we used paired sample t-tests to assess changes between PedsQL total health 

summary score at baseline and follow-up. We calculated the mean PedsQL total health 

summary score at baseline and divided the patients into two groups based on whether their 

scores were below or above the average score at baseline. We further used an independent 

sample t-test to assess which group had improved their scores. Multiple linear regression 

analysis, adjusted for age and gender, was used to assess associations between explanatory 

variables (sodium oxybate, psychiatric symptoms and EDS) and changes in HRQoL. 

 

Paper II 

In Paper II, we used a multiple linear regression analysis, adjusted for age and gender to 

assess associations between the explanatory variables (mean sleep latency in MSLT, sleep 

stage switch index, awakening index and CSF hypocretin 1 concentration (pg/ml)) and the 

outcome of psychiatric symptoms.  

 

Paper III 

Normal weight was defined as BMI <25 and overweight/obesity BMI as ≥25, to allow for 

statistical comparison. We used separate linear regression analyses to assess associations 

between this variable and outcomes of age at disease onset and disease duration and BMI. 

We used multiple regression analysis to assess associations between measures of disease 

severity and BMI. The following variables were used to represent disease severity:  1) mean 

frequency of cataplexy, 2) MSLT (min, sec), 3) mean sleep stage change index (number of 
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changes/total sleep time) and 4) CSF hypocretin 1 concentration (pg/ml). Multiple regression 

analysis was also used to assess associations between comorbidities and BMI. The following 

variables were used to represent comorbidities 1) presence or absence of medical 

comorbidity (categorical variable), 2) psychiatric symptoms (mean total ASEBA score), 3) 

fatigue (mean total fatigue score). 
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4. SUMMARY OF RESULTS 

In this thesis, characterizing the phenotype of patients who developed NT1 after the H1N1 

epidemic and vaccination campaign, we show that NT1 is a heterogeneous disorder 

complicated with several additional symptoms and comorbidities. Our findings provide 

insight into the complexity of the disorder and hopefully point to aspect of the disorders 

clinicians should address in the treatment and follow-up of patients. 

 

Paper I 

HRQoL is measured in different domains that together render a total perspective on a 

patient’s subjective view on health related aspects of life.  We found a markedly impaired 

HRQoL in all domains when comparing our results to national normative data. The domains 

of school/work functioning and emotional functioning showed the greatest impairments, 

both at baseline and at follow up. Little has previously been documented about changes in 

HRQoL in NT1 over time, and in which domains changes are likely to be seen. We found that 

the mean HRQoL’s total summary score significantly improved from baseline to follow up by 

5.9 points (95% CI: 0.4, 11.4). The largest improvements were seen in the domains of 

physical functioning (improved from mean (SD) score of 65.9 (20.7) to 75.7 (17.4)), and in 

school functioning (improved from mean (SD) score of 53.4 (18.4) to 60.8 (13.7)).  

We further explored three factors that, based on previous literature and clinical experience, 

were likely to affect changes in HRQoL. The potential predictors we used were EDS 

(measured by ESS), psychiatric symptoms (measured by ASEBA) and use of sodium oxybate 

at follow-up. Neither EDS nor psychiatric symptoms were associated with improvement seen 

in HRQoL’s total summary score. However, we found that the use of sodium oxybate at 

follow up was significantly associated with changes in HRQoL (p = 0.027), when adjusted for 

age and gender. Although psychiatric symptoms were not associated with changes in HRQoL, 

we found that 31% of the patients had psychiatric symptoms total scores in the clinical range 

of concern indicating a high level of psychiatric comorbidity. 
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Paper II 

Our first study (Paper I), confirmed the high prevalence of psychiatric symptoms in patients 

with NT1. We therefore wanted to further explore the extent and characteristics of 

psychiatric symptoms. 

The cohort included children and adults, which enabled us to explore possible similarities or 

dissimilarities between the two groups in regard to psychiatric symptoms. We found that 

internalizing symptoms were the most prevalent psychiatric symptoms in both children and 

adults.  A total of 38% of children and 33% of adults had internalizing symptoms in the 

clinical range of concern. These internalizing symptoms were mainly driven by somatic 

complaint in both children and adults, followed by withdrawn/depression in children and 

anxiety/depression in adults. Further, we found that thought problems were prevalent in 

children with 32% of children having thought problems in the clinical range of concern. 

Attention problems were more prevalent in adults than in children with 28% of adults 

reporting problems in the clinical range of concern in contrast to 8% in children.  

Even though an association between psychiatric symptoms and NT1 is established, this 

association still needs further examination.  In order to assess overlap of psychiatric 

symptoms and narcolepsy symptoms, we tested the effect of removing items concerning 

sleep/core narcolepsy symptoms from the psychiatric symptom questionnaire. We found 

that although the psychiatric symptoms total scores were then lower, still 27% of children 

and 22% of adults had symptoms in the clinical range of concern (versus 30% and 25% 

respectively, with sleep/core narcolepsy symptoms items included). This suggests that the 

association between psychiatric symptoms and narcolepsy is not just due to symptoms 

overlap. 

We found no significant association between the summary scores of psychiatric symptoms 

and daytime sleepiness (measured by MSLT and ESS), or with the level of hypocretin 1 in CSF 

in neither children nor adults (all p > 0.12). In children, fragmented sleep, measured by sleep 

stage change index, was significantly negatively associated with internalizing, externalizing 

and total summary scores (all p ≤ 0.020), and awakening index was negatively associated 

with externalizing and total summary scores (both p = 0.042). In adults, sleep stage change 
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index was not associated with either of the summary scores (all p > 0.09), but awakening 

index was positively associated with internalizing scores (p = 0.015). 

 

Paper III 

It is not known whether some NT1 patients have a more severe form or a more “full blown” 

version of narcolepsy that includes additional comorbidities. In this study, we explored the 

prevalence of medical comorbidities, overweight/obesity and fatigue. We further explored 

the possibility that patients with overweight/obesity had a more severe form of narcolepsy. 

Results showed that some form of medical comorbidity was present in 51% of the patients. 

Autoimmune disorders were found in 7%, allergic disorder in 35% and psoriasis in 5%. In 

children, 54% were overweight or obese (70% of the girls and 40% of the boys), and girls 

were significantly more obese than boys (p = 0.049). In adults, 61% were classified as 

overweight or obese (58% of the females and 70 % of the males).  

The severity of fatigue was measured on a scale from 0-100 where lower scores indicate 

more fatigue. The mean (SD) total fatigue score in children was 50 (17) and the mean (SD) 

total fatigue scores in adults was 39 (16).The total fatigue scores were significantly lower in 

adults compared to children (p = 0.015).  

Based on previous literature and clinical experience we explored factors that could be 

associated with overweight/obesity. First; age at disease onset and disease duration. 

Second; measures of narcolepsy symptoms severity (frequency of cataplexy, mean MSLT, 

fragmented sleep and hypocretin 1 levels in CSF). Third; comorbidities (psychiatric 

symptoms, medical comorbidities and fatigue). Neither age at disease onset, disease 

duration or measures of narcolepsy symptoms severity was associated with BMI in children 

or adults. However, we did find that subjectively reported sleepiness measured by the ESS 

was significantly positively associated with BMI in children (p = 0.019), but not in adults 

when tested in a separate linear regression analysis. We also found a significant association 

between BMI and medical comorbidity in children (p = 0.032).  
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5. DISCUSSION 

5.1 Main findings 

In this chapter, the main findings from the papers included in this thesis will be discussed. 

Here is a brief summary: 

 HRQoL was markedly impaired but improved after 2 years of follow up. The use of 

sodium oxybate was significantly associated with the improvement in HRQoL.   

 There was a high prevalence of psychiatric symptoms, internalizing symptoms in 

particular. There were no significant associations between EDS, measured by EES and 

MSLT, and psychiatric symptoms. Sleep stage shift index and awakening index were 

significantly negatively associated with psychiatric symptoms in children, and 

awakening index was significantly positively associated with internalizing symptoms 

in adults.  

 Medical comorbidity in general was prevalent, but the prevalence of each single 

medical disorder was not notably increased compared to the general population.  

 There was a high prevalence of overweigh and obesity. The presence of one or 

several medical comorbidities was associated with overweight/obesity in children, 

but not in adults.  

 Children and adults reported severe fatigue.    

 Hypocretin was not associated with either psychiatric symptoms or 

overweight/obesity.  

 No marked differences were found concerning HRQoL, psychiatric symptoms, 

medical comorbidity, overweight/obesity and fatigue compared to previous literature 

on SN patients.   
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5.2 Health related quality of life 

In line with our study (Paper I), several cross-sectional studies show an impaired HRQoL in 

patients with NT1 (15, 16, 80-83). A previous Norwegian study by Ervik et al. from 2006, 

reported particularly low scores (poorer functioning) in the domains of general health, bodily 

pain and social function (137). Poorer leisure activities, absenteeism from school and work, 

personal conflicts and withdrawal as a consequence of fearing cataplexy are all factors that 

potentially decrease HRQoL (82, 138, 139). Ozaki et al. found, when comparing drug naive 

patients with narcolepsy and cataplexy, narcolepsy without cataplexy and idiopathic 

hypersomnia, that the degree of subjective sleepiness was not associated with any HRQoL 

domains in the total patient group, suggesting that the severity of subjective sleepiness does 

not act as a main contributor to the decrease in HRQoL (81). We found that psychiatric 

symptoms were inversely correlated to HRQoL at baseline, which is in line with several cross-

sectional studies as well as the study of Inocente et al. who found that depression was the 

factor that affected HRQoL the most (82). The increase in HRQoL after 2 years was, however, 

not associated with psychiatric symptoms at baseline. 

Successful treatment of narcolepsy requires individual tailoring of therapy and regular 

follow-up to monitor response to treatment and potential comorbidities (140). The potential 

effect of the thorough evaluation of narcolepsy symptoms, information and education about 

the disorder, individual treatment, including evaluation of psychiatric symptoms and medical 

comorbidity and assistance in school and work difficulties that all patients received at 

inclusion, may be a significant, contributing factor to the improved HRQoL seen at follow-up 

in our study.   

We found that sodium oxybate was significantly associated with increased HRQoL at follow 

up.  In support of our finding, Rocca et al. reported that patients treated with sodium 

oxybate had significantly better school functioning than drug-naive NT1 patients (141). 

Sodium oxybate stabilizes sleep architecture by increasing sleep latency, decreasing total 

sleep time and reducing nocturnal awakenings (142), and is the only medications that  

improves all narcoleptic symptoms (142-144). Sodium oxybate is gradually titrated up to an 

effective level, and the maximum effect may not be reached until several months after 

treatment is initiated (145). It is therefore possible that patients that used sodium oxybate at 

baseline responded better to the medication at follow up.  
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5.3 Psychiatric symptoms 

In Paper II, we found that 38% of children and 33% of adults had internalizing psychiatric 

symptoms in the clinical range of concern. Internalizing score is derived by the subscales; 

anxiety/depression, withdrawn/depression and somatic complaints. The subscale somatic 

complaints had the highest scores for both children and adults which is in agreement with 

previous studies (85, 141).  Somatic complaints is a descriptive term where the etiology 

behind the symptoms is not established (146). It is  often seen in patients with psychiatric 

disorders such as anxiety and depression (147) and is inversely related to well-being (146). 

Neither discomfort nor pain has previously been considered as main symptoms of the 

narcoleptic disorder (10, 148), although Dauvilliers et al. demonstrated that one-third of 

patients with NT1 experience pain at least monthly, with symptom frequency significantly 

higher than in controls (149). 

A high prevalence of depressive symptoms in patients with narcolepsy is well established 

although the cause is disputed (8, 84, 86, 95, 150). The pathophysiology of narcolepsy itself 

may be expressed as both depression and core narcolepsy symptoms, as suggested by 

Broughton et al. as early as in 1981 (151). Alternatively, depression might come secondarily 

to narcolepsy symptoms and/or to the burden of chronic disorder (141). By using diagnostic 

tools, Fortuyn et al. found that anxiety and panic attacks were more prevalent than 

depression in patients with NT1 (9). Patients with narcolepsy may experience lack of control 

due to sudden sleep attacks, cataplexy, automatic behavior as well as hallucinations. These 

are stress-inducing situations potentially leading to anxiety and social phobia. Moreover, 

withdrawal and absenteeism from school and social gatherings may be used as avoiding 

strategies (9). Interestingly, we found a higher percentage in adults than in children in the 

clinical range for concern in the subscale anxiety/depressed. Vice versa, children scored 

higher in the subscale withdrawn/depressed than adults. These finding may imply that the 

same problems are expressed differently in children then in adults. 

Externalizing psychiatric symptoms, that is, maladaptive behavior towards an individual’s 

environment are not uncommon in NT1, and the prevalence of ADHD symptoms is 

approximately twofold higher in patients with narcolepsy than in the general population (94, 

96). It is believed that the symptoms of ADHD, paradoxically, are closely related to 

hypersomnia, and that the hypervigilance is a coping mechanism in order to sustain 
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alertness (96). Hence, there may be a common pathophysiological mechanism. Treatment 

with stimulants will increase alertness, thereby diminishing the symptoms of inattention and 

hyperactivity (96). Szakacs et al. found that seven of nine patients with ADHD developed 

ADHD after the age of 7 years and after narcolepsy onset. They argue a relationship between 

the onset of narcolepsy and the development of ADHD (95).   

Sleep disturbances are part of the diagnostic criteria for several psychiatric disorders, and 

symptoms of narcolepsy and those of psychiatric disorders may overlap (147). We found 

that the percentage of patients with psychiatric symptoms total score in the clinical range of 

concern remained high, even when sleep items were excluded from the analyses. Bearing in 

mind the disabling symptoms of narcolepsy, it is likely that the burden of the disorder itself 

may cause psychosocial distress. 

We found no associations between EDS, measured by ESS or MSLT and psychiatric symptoms 

in neither children nor adults. Other studies have reported similar psychiatric symptom load 

in healthy children with increased daytime sleepiness and in patients with EDS of other 

causes than narcolepsy, indicating that EDS contributes to psychiatric problems (84, 152). 

Very surprisingly, there was a significant negative association between fragmented sleep and 

psychiatric symptoms in children, indicating that the more fragmented sleep, the less 

psychiatric symptoms. In adults, the results were opposite and fragmented sleep measured 

by awakening index was positively associated with the psychiatric symptoms internalizing 

score. The latter finding is in line with studies indicating that behavior problems may be 

associated with sleep problems such as fragmented sleep (87, 153). It is, however, possible 

that children adapt better to fragmented sleep, and Liu et al. reported that sleep 

fragmentation is not that uncommon in children (41). OSAS is another sleep disorder 

associated with frequent awakenings and Lewin et al. found that children with OSAS had 

more behavioral problems than controls, but that children with mild OSAS had more 

behavioral and emotional problems than children with severe OSAS (40). Moreover, 

children’s psychiatric symptoms in Paper II were rated by their parents contrary to self-

reporting of psychiatric symptoms in the adult population of our cohort. Parents may 

misinterpret children’s symptoms, and some parents may focus on their children’s 

narcolepsy symptoms while others focus on the children’s psychiatric symptoms.   
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5.4 Medical comorbidity 

The overall prevalence of patients in our cohort having medical comorbidity was 51%, and 

the most frequent coexisting disorders were allergic disorder (35%). In the study of Ohayon 

et al., 27.5% of patients with NT1 had upper airways disorder, which Ohayon et al. proposed 

indicated a compromised immune system (8). This is interesting, since it is believed that NT1 

is autoimmune mediated, and prior infections with upper airway diseases like Streptococcus 

pyogenes (58) and H1N1 influenza (51)  have been associated with the debut of NT1. 

Moreover, we found that almost 7% of our cohort had a disorder of clear autoimmune 

origin, while the overall estimated prevalence is 4.5% in the general population (154). Even 

though studies are divergent, there are reports of a high prevalence of autoimmune 

disorders in patients with SN (99, 100). Supporting these reports, is the theory of shared 

autoimmunity, implying that one autoimmune disorder is often accompanied by another 

autoimmune disorder (99).   

 

5.5 Obesity 

In Paper III, we found that 54% of the pediatric NT1 patients and 61% of the adult NT1 

patients were overweight or obese confirming the high prevalence of overweight and 

obesity in patients with NT1 reported by others (8, 11, 12, 101). A logical explanation would 

be the involvement of the hypocretin-system as experimental studies show that hypocretin 

regulates feeding behavior and energy homeostasis. This is discussed further in chapter 5.7. 

It is possible that sleepiness per se could contribute to increased weight, as the prevalence 

of obesity is known to be high also in other sleep disorders such as NT2 (12), RLS (110) and 

OSAS (109). We found that subjective sleepiness was significantly associated with BMI in 

children, but not in adults. However, we found no associations between objective daytime 

sleepiness, measured by MSLT, or night fragmented sleep and BMI. This is in agreement with 

the study of Inocente et al., who found that the severity of sleepiness was high, but without 

any difference between obese and non-obese groups (12). 

In Paper III, neither age at disease onset nor disease duration was associated with BMI in 

children or in adults. Increase in weight has been observed close up to the onset of 

narcolepsy symptoms and is reported in some cases to be one of the first symptoms (11, 12, 
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155). Some studies have found that early onset of SN is associated with greater obesity (11, 

12). Although there can be a rapid increase in weight around the time of disease onset, BMI 

seems to stabilize gradually after 3-4 years (11, 155). It is possible that our cohort differs 

from previous cohorts of mainly SN patients in that patients in our cohort was diagnosed 

with narcolepsy a shorter time after debut of symptoms due to the awareness of narcolepsy 

as a possible side effect of the vaccine. Moreover, the mean (SD) disease duration was 5.4 

years (1.5) in our cohort, thus the range in disease duration was somewhat limited. 

In Paper III, we found that the presence of medical comorbidity in children was positively 

associated with BMI. There is an increased prevalence of medical comorbidity in obese 

patients without narcolepsy, and the finding is therefore not unexpected (156). However, it 

highlights the importance of carefully monitoring patients with narcolepsy in regard to 

overweight and obesity. Obesity is a major risk factor for developing cardiovascular 

disorders, and there is increasing evidence that childhood obesity  is significantly associated 

with cardiovascular risk-factors, such as high blood pressure, in adulthood (156).   

 

5.6 Fatigue 

Our finding of a high prevalence of fatigue is in accordance with previous studies on SN 

patients (14, 114). Further, the fatigue scores show more severe fatigue compared to other 

medical conditions such as rheumatoid arthritis (136) and cancer (157).  

There is a positive relation between disturbed nocturnal sleep and fatigue in healthy 

subjects (158). However, the direction of the association between nocturnal sleep 

disturbances and daytime fatigue remains unclear (113). Certain psychiatric disorders are 

also associated with fatigue (159), and Lecendreux et al. found that fatigue, in addition to 

EDS and insomnia, was associated with ADHD symptoms regardless of treatment in patients 

with narcolepsy, and questioned if ADHD symptoms could be secondary to fatigue (94).   

Droogleever et al. found that severe fatigue was associated with a significantly increased 

functional impairment, increased depressive symptoms and a lowered general quality of life 

in patients with narcolepsy (14). The authors discussed whether fatigue was just an 

equivalent of depression in the narcolepsy population. They argue that severe fatigue was 
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not explained exclusively by the presence of major depression in narcolepsy alone since use 

of antidepressant was not associated with fatigue severity.  

 

5.7 Hypocretin  

We found no significant associations between psychiatric symptoms and hypocretin 1 levels 

in CSF (Paper II), which is in agreement with the study of Lecendreux et al. (94). Interestingly, 

Brundin and coworkers found a significant correlation between CSF hypocretin levels and 

specific psychiatric symptoms in suicide attempters and suggested that reduced hypocretin 

levels are involved in the etiology of specific psychiatric symptoms (160). The role of 

hypocretin in the pathogenesis of psychiatric symptoms in patients with narcolepsy is not 

fully understood. However, animal studies show that hypocretinergic neurons interact with 

several areas of the brain involved in stress reactions, reward, cognition and emotion (161-

163).  

We found no significant association between obesity and hypocretin 1 levels in CSF (Paper 

III). Central  administration of hypocretin increases food intake (62), therefore, decreased 

hypocretin would be expected to reduce food consumption and decrease body weight, and 

not the opposite. Nishino et al. reported in their study that the mean BMI of narcolepsy 

patients with undetectable CSF hypocretin was significantly higher than that of patients who 

had detectable CSF hypocretin levels and suggest that this favors more direct effects of 

hypocretin deficiency on energy metabolism (73). Inocente et al. found in their study on 

children with NT1, that obese children had lower CSF hypocretin 1 levels than the non-obese 

children. However, only few CSF samples were available, and obesity was also prevalent in 

the children without cataplexy, in whom the hypocretin 1 levels were expected to be 

normal. The authors therefore suggested that factors other than hypocretin 1 levels were 

involved (12).  

Since hypocretin also regulates sympathetic activity and the neuroendocrine system, 

decreased levels of hypocretin may reduce the metabolic rate through this system. In favor 

to this theory, Poli et al. found an association between narcolepsy and BMI-independent 

metabolic alterations. BMI was greater in NT1 patients compared to patients with IH despite 
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significantly decreased food intake in NT1 patients, implying that there is a dysmetabolism 

that is not caused by altered food consumption (106).  

 

5.8 Post Pandemrix narcolepsy and sporadic narcolepsy  

Initially, it was speculated if early debut of narcolepsy symptoms, abrupt onset, severe 

cataplexy and severe psychiatric comorbidity seen in some patients vaccinated with 

Pandemrix represented a different narcolepsy phenotype or a more full blown version (5, 

47). However, studies comparing PPN with SN patients have shown only minor differences 

(47, 164). Pizza et al. found a more disrupted sleep pattern with more frequent awakenings 

and shorter mean MSLT in PPN patients compared to SN patients (164). Dauvilliers et al. 

found a higher number of sleep onset REM periods in addition to a shorter diagnostic delay 

in vaccinated patients (47). The majority of the participants in our project were H1N1 

vaccinated with Pandemrix and no direct comparison within the cohort could therefore be 

made. Nevertheless, we can compare our findings with previous studies on SN patients. 

In Paper I, we saw impairment in HRQoL as previous studies on patients with PPN and SN 

(82, 85, 95, 141). The improvement in HRQoL seen in our study is in contrast to the follow-up 

study of Sarkanen et al. on patients with PPN who found no significant improvement after 2 

years of follow-up and to the study of Vignatelli et al., measuring HRQoL in SN patients after 

5 years of follow-up.  

In Paper II, we found a high prevalence of psychiatric symptoms, which also has been found 

in several studies on SN as well as PPN. Partinen et al. suggested that psychiatric symptoms 

were perhaps more severe in PPN compared to SN since several of the children in his study 

needed long term psychiatric hospitalization and even antipsychotic treatment (5). Szakacs 

et al. found that psychiatric symptoms seemed to be more frequent in PPN patients, but as 

there were 31 PPN and only 7 SN patients comparison between the groups was difficult (95).  

Our findings in Paper III, showing overweight /obesity in 54% of the children and 61% of the 

adults is in line with previous prevalence reports on BMI in patients with SN (12, 13, 101). 

Sarkanen et al. found in their follow-up study an increase in BMI in patients with PPN and 

SN, but the majority of their subjects remained within the normal limit. They also found a 
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greater BMI in the SN group than in the PN group which they suspected was due to a greater 

age and longer disease durations in the SN group (165). The mean disease duration in our 

study was longer than in the study of Sarkanen, differing approximately 2 years. Pizza et al. 

compared patients with SN and PNN and found no significant difference in BMI between the 

groups, only a non-significant trend towards more overweight and obesity in SN vs PPN 

patients (164).  
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6. METHODOLOGICAL CONSIDERATIONS 
In this clinical thesis we have measured HRQoL, the extent of psychiatric symptoms and the 

level of medical comorbidities in order to respond to the request from The Norwegian 

Ministry of Health and Care Services to survey the clinical phenotype of the narcolepsy that 

abruptly increased in incidence following the H1N1 influenza epidemic and subsequent mass 

vaccination with Pandemrix in 2009. In the following section we address the strengths and 

weaknesses of the study designs, methodological problems regarding study samples, study 

participants, the use of questionnaires and statistics. Detailed descriptions of the methods 

are presented in the three papers. 

 

6.1 Study design  

This thesis is comprised of three studies, two cross-sectional and one prospective. General 

strengths and limitations regarding design are provided in Table 3. There are some general 

considerations that should be addressed. The presence of selection bias is possible if those 

who declined to participate differ significantly from those who accepted our invitation. 

Selection bias results in problems with generalizability (the extent to which the observed 

results represent the truth in the whole study-population). An example of selection bias 

potentially present in our study is differential nonresponse between those with well 

controlled or less severe narcolepsy and those with extremely severe and disabling 

narcolepsy symptoms can exist.   

Paper I is a prospective cohort study that allowed us to investigate how some predefined 

predictors over time influenced the outcome, HRQoL in our statistical model. We had 

considerable difficulties as many participants chose not to return the baseline questionnaire. 

When such attrition occurs, and data are missing at random, the power of the study is 

weakened, and type II errors (non-rejection of a false null hypothesis) may occur. This might 

be a challenge in heath studies. If the characteristics of those who do not respond are 

different from those who respond, the results of the responders are not representative for 

the broader group of people that have the disease. This can negatively impact internal 

validity (extent results are free from unmeasured confounding), but primarily poses 

challenges for external validity (extent to which the results of a study can be generalized). To 
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examine selection bias in Paper I, we compared core narcolepsy symptoms, age, and gender 

from the participants in the study with the remaining cohort (84 patients at the time) using 

Fisher exact tests. No significant differences were observed, but we cannot exclude the 

presence of some selection bias. 

In paper II and III a cross-sectional design was applied. In general, a cross sectional study 

design is particularly suitable for estimating the prevalence of a behavior or a disease in a 

population and serves the study purposes well (166). All data are collected at a single point 

in time although recruitment may take place across a longer period of time. There is 

therefore no temporal ordering and so it is difficult to infer cause and effect (166). 

Therefore, we can only conclude that our results indicate an association between exposure 

and effect that may be clinically relevant. 

 

Table 3.  General strengths and limitations of the applied study designs 

Paper Design  Limitation  Strength 

I Prospective cohort study - Maintaining follow-up may be 

difficult 

-Exposure may be linked to a hidden 

confounder 

- For rare diseases, large sample size 

or long follow up is necessary 

- Knowledge of 

sequence of events 

(temporality)  

- Examines multiple 

outcomes for a given 

exposure 

II & III Cross-sectional study -Cannot be used to infer causality 

(exposures and outcomes are 

measured simultaneously) 

 

 

- Descriptive study well 

adapted to assess the 

frequency and 

distribution of a 

particular disease in a 

defined population 
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6.2 Study sample 

The study sample was homogenous in that the vast majority of the participants in the three 

papers were of Norwegian ethnicity, all had debut of symptoms after 2009, and the disease 

duration was consequently short. However, the sample showed some heterogeneity in that 

it included young children, adolescents and adults from different social classes and from 

various parts of Norway. The level of medical comorbidities and the extent of psychiatric 

symptoms may, due to natural variability, be varied and significantly different between 

subgroups. Accordingly, children and adults were analyzed separately (Paper II and III). This 

decreases the power to detect possible associations between various exposures and 

outcomes and increases the risk of type II errors (non-rejection of a false null hypothesis).  

Our studies show that NT1 is heterogeneous disorder in regard to severity of symptoms and 

degree of comorbidities. All patients in our study had debut of symptoms after 2009 and 

accordingly the disease duration was relatively short. However, we observed fairly significant 

variation considering the range of possible values in this variable. Nevertheless, it is possible 

that a greater sample size might have influenced our result.  

It is likely that socioeconomic differences may play a significant part in the diagnosis, 

treatment and ability to adapt to the symptoms of narcolepsy. Unfortunately, the impact of 

socioeconomic status was not addressed in any of the studies in this thesis and may 

confound our results. 

The majority of the patients in the studies in this thesis were Pandemrix vaccinated. (29/31 

in Paper I, 70/76 in Paper II and 80/91 in Paper III). Separate linear regression analysis 

showed no significant differences in the mean total psychiatric symptoms scores (Paper II) 

and mean BMI (Paper III) between the vaccinated and unvaccinated patient groups, so the 

two groups were subsequently analyzed together. We cannot disprove that small 

undetected differences between the groups may exist, but find it unlikely that this pooling 

has substantially affected the model parameter estimations. 

 

6.3 Control group 

A clear limitation in all three studies was the lack of a control group. In order to at least 

partly overcome this problem our results were compared to national reference data (Paper 
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I), and we used well-validated and reliable measures, allowing for generalizable model 

estimation. Classification of overweight and obesity (Paper III) was based on percentiles 

from the Bergen study based on IOTF’s criteria (167), and is validated in the Norwegian 

population. Regardless of our efforts to reduce potential bias, the presence of a control 

group would have increased the validity and precision of our results significantly.   

 

6.4 Sample sizes  

NT1 is a rare disorder, and it is therefore challenging to obtain a large sample size. The study 

population in Paper II and III in relation to the rarity of the disease is relatively large, but we 

acknowledge the presence of lack of power and subsequently the potential to conduct type 

II error, particularly in paper I.  

 

6.5 Study procedure 

As recommended in the ICSD-3 criteria for diagnosing circadian rhythm disorders, we aimed 

to perform actigraphy recordings 14 days prior to PSG/MSLT investigations, although a total 

of 14 days recordings was not always possible. The AASM guidelines for performing MSLT 

recordings recommends to terminate the MSLT recording after 20 minutes if sleep does not 

occur, or after 15 minutes of sleep (168). However, for practical reasons, all subjects were 

given the opportunity to sleep for 30 minutes regardless of whether sleep occurred or not. 

This may have decreased the sleep pressure for the following nap.  

All interpretations of the sleep investigations were performed by the same sleep technicians 

(Rannveig Viste and Janita Vevelstad), under the supervision of a neurophysiologist (Kristian 

Bernhard Nilsen) and a neurologist and sleep specialist (Stine Knudsen Heier). All handling 

with HRQoL and psychiatric symptoms questionnaires were performed by the candidate, 

under the supervision of a child psychiatrist (Berit Hjelde Hansen). This allows for accuracy in 

the parameters used in the analyses and strengthens our studies.  

To assess extent of medical comorbidity in Paper III, we used a predefined comprehensive 

list of disorders. We also asked patients and/or parents if the patient have or have had other 

disorders than what was not on the list. Interviews were performed by medical doctors 

(Hilde Therese Juvodden, Stine Knudsen Heier and the candidate), and symptoms and 
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diagnoses were thoroughly evaluated. The self-reported diagnoses were not confirmed by 

previous medical records. We chose to omit comorbid sleep disorders from the analyzes in 

Paper III, because several of the patients were unware of having an additional sleep disorder 

prior to inclusion and this was diagnosed after defining symptoms through the interviews 

and through sleep investigations. Other sleep disorders are present in patients with NT1, and 

analyzing the prevalence of comorbid sleep disorders would have been interesting. 

Furthermore, additional sleep disorders may have confounded our results. 

 

6.6 Questionnaires  

A weakness in the questionnaires used in Papers I, II and III is that there may be individual 

variations in the answers over time, and that other aspects of life may influence the 

answers. There is also a probability of recall bias.   

 

Stanford Sleep Questionnaire 

Although there is a pediatric version of the EES, ESS-CHAD (169), we used the same 

translated original version of EES as a measure of excessive daytime sleepiness in children 

and adults in Paper I and in a sub analyzes in Paper II and Paper III. The EES and the ESS-

CHAD is similar with the exception of minor differences in the description of some of the 

activities with the purpose of making the questions more comprehensible. Although all 

participants in our cohort were requested to answer the questions as if they had been in the 

given or equivalent situation, if the given situation had not actually taken place, we 

acknowledge the lack of accuracy as a limitation. To assess narcolepsy symptoms we used 

SSQ which is validated in several populations (170) although not yet in Norway. We used the 

frequency of cataplexy as a measure of cataplexy severity in Paper III. It can be questioned if 

this is a reliable measure for cataplexy severity. Others have used the degree of involvement 

of different muscle groups in a cataplexy attack as a cataplexy severity measurement (12, 

171).   
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Health related quality of life  

PedsQL (generic core scale) is a non-disease specific survey. It has been proposed as a valid 

and reliable generic pediatric HRQOL measurement in the age group ranging from 2 to 18 

years (134), and can also be used in clinical practice, clinical trials and research (172). The 

Norwegian PedsQL has shown validity and reliability for the age groups 13-15 years (172).  

PedsQL scale has previously been used in studies of patients with narcolepsy (141). The 

advantage of non-disease specific surveys in contrast to a disease specific survey is that it 

permits comparison across different disorders and populations.  

There are, however, items in PedsQL that may be interpreted as disease specific by NT1 

patients, such as items related to difficulties in conducting sports or exercise, sleeping 

problems, or concentration difficulties. These problems may be consequences of narcolepsy 

symptoms, and as the survey is not disease specific, the results may be difficult to interpret 

and less comparable to other populations. Disease-specific questionnaires are more likely to 

detect disease specific symptoms and are more sensitive to changes over time (173). To our 

knowledge the only validated  disease specific HRQoL questionnaire for narcolepsy, is the 

NARQoL-21, which was published in 2019 (83). Changes in clinical status are perhaps more 

easily seen when using disease-specific questionnaires as they are more sensitive and 

clinically relevant (173).  

 

Psychiatric symptoms  

The benefits of using a validated standardized questionnaire like the ASEBA, are that the 

answers can be interpreted with precision on a group level. Further, that the patient’s 

perspective is highlighted. It does not necessarily imply that their perceptions are in 

agreement with a clinical psychiatric disorder. The use of additional diagnostic tools could 

have strengthened our findings.  

The ASEBA CBCL is a widely used instrument for assessing child and adolescent and 

emotional problems in several situations, such as for screening purposes and in research 

(174). It has been used in two previous studies on patients with narcolepsy (85, 141). A study 

in a Norwegian population supports a predictive validity of the CBCL to discriminate between 
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children with and without a psychiatric disorder (174). Although the ASEBA ASR is also a 

widely used tool, it is to our knowledge not yet validated in a Norwegian population.  

In Papers I and II, psychiatric symptoms were rated by parents for those aged below 18 years 

while we used a self-reported version for those aged above 18 years. Discrepancies in clinical 

assessment of psychiatric symptoms measured by ASEBA between multiple informants have 

been described (175, 176). In non-clinical study samples, youths tend to report a higher 

severity of symptoms than their parents (176, 177), but in a clinically-referred study 

population, parents are more likely to report a higher severity of symptoms (176). A meta-

analysis showed greater correlation between the ratings for younger than for older children 

(178). We acknowledge that the use of both self-report and parent-report, depending on the 

age, could potentially be a limitation. However, due to the age span in our cohort, the use of 

either a self-reported version or a parent reported version only would have produced bias as 

well.  

 

6.7 Statistical perspectives 

6.7.1 General considerations 

In order to secure adequate statistical methods we have collaborated with statistician David 

Swanson, PhD, Oslo Centre for Biostatistics and Epidemiology, OUH, Oslo. Detailed 

descriptions of the statistical methods used are listed in the original papers. There are some 

general considerations which should be discussed. Sample size is important when 

conducting statistical analysis. Due to logistical challenges and the time limit of this project, 

we were unable to increase our sample size. A large proportion of the cohort preferred to be 

included during the holidays in order to minimize absence from school and work. Moreover, 

patients were included simultaneously as their first-degree relatives who participated in the 

larger national study-project (Phenotype and pathogenesis of narcolepsy following H1N1-

vaccination in Norway), diminishing the time available for inclusion for the patients. 

Furthermore, all participants received multidisciplinary follow-up and the best available 

treatment. Therefore, randomization to a specific treatment in a trial was not considered.  
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6.7.2 Variability in chosen parameters 

The chosen explanatory variables in all the studies are considered as the core NT1 symptoms 

and factors that are most likely to impact the outcome. In some of these variables used, such 

as MSLT values, hypocretin 1 values in CSF and disease duration, the variability is limited. 

However, while the distribution for hypocretin and MSLT are zero-inflated and right-skewed, 

respectively, their ranges are adequate and do not deviate from what one would expect for 

these measures in studies focusing on narcolepsy. While a more uniform distribution would 

be slightly more well-powered, it would be uncommon for these variables to be distributed 

in this way for a representative sample from our population. Disease duration (explanatory 

variable, Paper III) exhibited fairly significant variation considering the range of possible 

values. Note that regression model test statistics are invariant under rescaling of the 

variables, so differences in variability in any absolute sense have no influence on power or 

calculation of test statistics.  

 

6.7.3 Paper I 

In Paper I, the primary aim was to describe changes in HRQoL after two years of 

multidisciplinary follow-up. The secondary aim was to explore possible predictors to the 

changes in HRQoL, using subjective rated EDS, the use of sodium oxybate at follow-up and 

psychiatric symptoms as independent variables in a prospective design.  

We used paired samples t-test to measure the change in HRQoL from baseline to follow-up. 

The paired samples t-test is commonly used in studies with repeated measures design and 

has four main assumptions that were met by the repeated measurement of HRQoL: 1) The 

dependent variable was continuous. 2) The observations within each sample are 

independent of one another. 3) The dependent variable was normally distributed. 4) The 

dependent variable did not contain outliers (166). 

Furthermore, we divided the study participants into two groups based on their baseline total 

HRQoL summary score (greater or less than the baseline mean) and compared the change 

between baseline and follow-up in the two groups using independent samples t-test. 

However, this analysis may be biased by the phenomenon “regression to the mean”, which 

is the tendency for more extreme observations to return to their mean value on subsequent 
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follow-up or observation. It occurs because those extreme observations result from chance 

realizations of a larger error term, not sampling from a distribution with a genuinely larger 

mean. 

 

6.7.4 Paper II 

In Paper II, the study objective was to explore the extent of psychiatric symptoms in a cohort 

of Norwegian NT1 patients and to explore possible causes of the psychiatric symptoms seen 

in NT1. The cross-sectional design is suitable for exploring the extent of psychiatric 

symptoms, but insufficient to show causes of psychiatric symptoms. Therefore we used 

“possible causes” since a causal relationship cannot be established with this design. 

Regression analysis allowed us to isolate the role of each independent variable by estimating 

the effect that changing one independent variable has on the dependent variable while 

holding all the other independent variables constant. We included independent variables 

that in our opinion were likely to have an effect on the dependent variable with the purpose 

of reducing confounding bias. We checked residual plots and observed that our model fit the 

data adequately. 

 

6.7.5 Paper III 

The primary aim in Paper III was to study the extent of medical comorbidities, in particular 

being overweight and obese. Further goals included exploring the extent of fatigue and 

possible associations between being overweight/obese and these factors: age at disease 

onset, disease duration, various indicators of severity of narcolepsy (cataplexy, sleepiness, 

fragmented sleep, hypocretin 1 levels), and additional comorbidities (psychiatric symptoms, 

medical comorbidities, fatigue). 

 

The cross-sectional design is well suited for the primary aim of the study. Linear regression 

analyses were used to assess possible associations between independent and dependent 

variables. The benefits and possible limitations of linear regression which are described 



  

68 
 

above are also applicable here. We also used the same principles for selection of variables in 

our model and checking of residual plots.  
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7. CONCLUSIONS AND CLINICAL RELEVANCE  
In this thesis we characterized the clinical phenotype of patients who developed NT1 after 

the H1N1 epidemic and vaccination campaign in 2009. We believe that this project may lead 

to a better understanding of the disorder as we throw light on clinical relevant issues. The 

findings in this thesis show that NT1 phenotype in patients that developed NT1 after the 

H1N1 epidemic and vaccination camping in Norway is complex and associated with several 

comorbidities and impaired HRQoL.  

In Paper I, we found impaired HRQoL, but we saw an improvement in HRQoL after 2 years of 

follow-up.  The only independent variable associated with improvement in HRQoL was the 

use of sodium oxybate at follow-up. Baseline value of subjective rated EDS and psychiatric 

symptoms had no impact on the changes in HRQoL, implicating that regardless of the 

severity of these, improvement is attainable.  

In Paper II, it was confirmed that NT1 is complicated with a high prevalence of psychiatric 

symptoms, as seen in previous studies on PPN and SN. Internalizing problems were the 

major concern in both children and adults. Further, we investigated plausible explanations to 

psychiatric symptoms that may have clinical importance. We found no associations between 

psychiatric symptoms and EDS or hypocretin 1 levels in CSF, but to our surprise, we found 

that fragmented sleep was negatively associated with psychiatric symptoms in children but 

positively associated with psychiatric symptoms in adults. Only speculations can be made as 

to whether the latter finding may be due to the methods used in the study, or if there are 

other plausible explanations.  

In paper III, we showed that approximately half of the subjects in our cohort reported to 

have one or several medical comorbidities. This is not markedly increased compared to the 

general Norwegian population and in line with previous studies on patients with NT1. In 

agreement with other studies on PPN and SN patients, we observed a high prevalence of 

overweight/obesity, also when compared to data provided by the national studies. BMI was 

not associated with age at disease onset, disease duration or the severity of the narcolepsy 

phenotype measured by severity of symptoms or additional comorbidities. We did, however, 

find that subjectively rated EDS was associated with BMI in children when this was tested in 

a separate analyses. Further, the presence of medical comorbidity was associated with BMI 
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in children. We conclude that subjects with narcolepsy are at greater risk of being 

overweight and obese.  

Initial reports speculated that the phenotype of PPN was different than that of SN. The 

studies included in this thesis, does, however, not support a marked difference between the 

phenotype of patients that developed NT1 after the H1N1 vaccination campaign and 

previous SN patients. However, the narcolepsy phenotype may vary according to age, as 

illustrated in our papers assessing psychiatric symptoms and obesity. Narcolepsy is a life-long 

disorder with a major impact on quality of life. Symptoms often first appear in childhood, 

and early recognition may be important.   

Our studies highlight the value of monitoring patients with narcolepsy and to pursue 

individual and close follow-up in order to prevent comorbidity and secondary complications 

and to enable proper treatment and improve HRQoL.  
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8. FUTURE PERSPECTIVES 
It is poorly understood why there are such variations in the NT1 phenotype and why NT1 is 

accompanied by several comorbidities. Longitudinal studies focusing on these aspects and 

national and/or international quality-register studies could be of great importance. 

Furthermore, variations in psychiatric symptoms over time may influence HRQoL, and 

interventional studies on psychiatric symptoms and comorbidities would be clinically 

relevant.  

Obesity is a potent risk factor for both medical and psychiatric disorders as well as impaired 

HRQoL. Individuals with narcolepsy would probably benefit from comprehensive intensive 

lifestyle intervention programs focusing on diet and physical activity. This should be 

addressed in future interventional studies. In our opinion this is perhaps the most important 

topic from a patient perspective.  
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9. ETHICAL CONSIDERATIONS 

9.1 Ethical approval and practice 

All protocols have been approved by the Regional Committees for Medical and Health 

Research Ethics (REK) (REK number 2014/450). The researched has followed the ethical 

principles in agreement with the Declaration of Helsinki, developed by the World Medical 

Association. Written informed consent was signed by the participants before inclusion in the 

studies of this thesis and for participants younger than 16 years of age, participants was well 

informed and consent was signed by their parents.   

 

9.2 Ethical perspectives 

After the H1N1 influenza vaccination campaign in 2009, NevSom was delegated by the 

Norwegian Ministry of Health and Care Services, the task to survey individuals that had 

developed NT1 after 2009. The current PhD project is a part of the comprehensive work 

carried out by NevSom. Other PhD projects are also involved in this work. If participants did 

not want to take part in the whole project, they could still choose to be included in parts of 

the project. They could at any time withdraw consent.  

The period of inclusion for each patient and their family lasted for 2-4 days. During this time, 

participants received a thorough evaluation of symptoms, social functioning, comorbidities 

and previous medication by a multidisciplinary team. They were educated about narcolepsy, 

given school and work advice, and if necessary, medical and non-medical treatment advice. 

These benefits were not given to patients and relatives that declined participation, or that 

were unable to participate in the projects for other reasons.  
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a b s t r a c t

Objective: Cross-sectional studies show a lower health-related quality of life (HRQoL) in individuals with
narcolepsy. We aimed to describe changes in HRQoL after two years of multidisciplinary follow-up in a
cohort of mainly post-H1N1 vaccination narcolepsy type-1 (NT1) patients in Norway.
Methods: Prospective-cohort study. Narcolepsy diagnosis was based on the International Classification of
Sleep Disorders (third edition). Psychiatric comorbidity was assessed using the Achenbach System of
Empirically Based Assessment (ASEBA). HRQoL was evaluated with the Pediatric Quality of Life Inventory
(PedsQL™ Generic Core Scales 4.0) at baseline and follow-up. Mean follow-up timewas 20.7 (2.7) months.
Results: Thirtyonepatients (18 females)withNT1,meanage14.6 (SD¼4.8)yearsansweredquestionnairesat
baseline and follow-up. On a group level, the PedsQLTotal Health Summary score significantly improved by a
mean of 5.9 (95%CI ¼ 0.4, 11.9), p ¼ 0.038; this was mainly driven by improvements in the Physical Health
Summary score by 9.8 (3.0, 16.5) points, p ¼ 0.006 and the School Functioning Scale score by 7.5 (1.0, 13.9)
points p¼ 0.025. The Total ASEBA scorewas correlatedwith PedsQLTotal Health Summary score at baseline,
but not with changes in HRQoL. Sodium oxybate (Xyrem®) treatment at follow up was positively associated
with changes in PedsQL Total Health Summary score, after adjusting for age and gender, p ¼ 0.027.
Conclusion: HRQoL in NT1 patients improved after two years of follow-up. The use of sodium oxybate
(Xyrem®) at follow-up was associated with increases in HRQoL. Psychiatric comorbidity was correlated
with HRQoL at baseline but did not predict changes in HRQoL at follow-up.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Narcolepsy is a chronic disabling sleep disorder characterized by
instability of the wakeesleep cycle, REM-sleep and muscle tone
regulation [1,2]. Narcolepsy is divided into narcolepsy type 1 (NT1)
and narcolepsy type 2 (NT2). The onset of NT1 commonly occurs

during adolescence or early adulthood, and its clinical presentation
may vary with age [3,4].

The typical clinical symptoms of NT1 are excessive daytime
sleepiness (EDS), hypnagogic/hypnopompic hallucination (HH),
sleep paralysis (SP), cataplexy and fragmented nocturnal sleep
[1]. Children might present with somewhat different symptoms
and can initially show paradoxical hyperactivity and/or irrita-
bility, atypical cataplexy and precocious puberty [5e8]. NT1
often has considerable negative consequences for individuals
diagnosed with the disease. Typical problems include difficulties
in obtaining an education or keeping a job, resulting in negative

* Corresponding author. Norwegian Centre of Expertise for Neurodevelopmental
Disorders andHypersomnias, Department of Rare Disorders, Oslo University Hospital,
Norway.

E-mail addresses: sebnor@ous-hf.no, sebnords@online.no (S.H. Nordstrand).

Contents lists available at ScienceDirect

Sleep Medicine

journal homepage: www.elsevier .com/locate/s leep

https://doi.org/10.1016/j.sleep.2018.05.037
1389-9457/© 2018 Elsevier B.V. All rights reserved.

Sleep Medicine 50 (2018) 175e180



socioeconomic consequences and reduced health-related quality
of life [8e13].

The hypocretin system is central to the pathogenesis of NT1, but
also affects other important brain functions and signaling systems as
it projects widely through the brain [14,15]. Recently, hypocretin has
been hypothesized to play a role in several neuropsychiatric disor-
ders such as depression, anxiety, posttraumatic stress disorder and
schizophrenia [14]. In line with this, several studies have shown
increased behavioral problems and psychiatric comorbidity among
patients with NT1 [16]. Internalized problems such as depression
and anxiety are seen in 20e30% of patients with narcolepsy [9,17,18].
Externalized problems, like Attention Deficit/Hyperactivity Disorder
(ADHD), are 8e15 times more frequent in NT1 compared to the
general population [7,19]. Moreover, Inocente et al., [20], found
depression to be the factor that most strongly affects the quality of
life in narcolepsy patients, further demonstrating the importance of
measuring psychiatric comorbidity in this population.

Following the 2009 H1N1 epidemic and vaccination campaign
with Pandemrix®, there was an abrupt increase in NT1 incidence,
especially among children and young adults in Norway and several
other countries [21e24]. Whether or not the increase was a direct
consequence of the vaccine is yet to be proved [25]. NT1 diagnosed
subsequent to the Pandemrix vaccine, in addition to classic NT1-
symptoms, has been associated with symptoms indicating behav-
ioral problems in almost half of patients [22,26]. The high occur-
rence of psychiatric comorbidity may indicate a more severe
phenotype; this has been questioned by Pizza et al., [27].

Several cross-sectional studies showed an impaired health-
related quality of life (HRQoL) in individuals with narcolepsy
[12,28e34], but, to our knowledge, only two prospective-cohort
studies have addressed this matter. Vignatelli et al., [35] studied an
adult narcolepsypopulation, andSarkanen et al., [36] studied Finnish
children andadolescents. Both reported a lowHRQoL at baseline that
was unchanged at follow-up. The primary aim of the present study
was to use the PedsQL questionnaire to prospectively study changes
in HRQoL over time in a Norwegian cohort of mainly post-H1N1
vaccination NT1 patients. The secondary aim was to use the ASEBA
questionnaires to investigate possible associations between psychi-
atric comorbidity and HRQoL and, to evaluate whether psychiatric
comorbidity canpredict changes in HRQoL. Furthermore, wewanted
to determinewhether sodium oxybate or severity of disease burden
measured by Epworth Sleepiness Scale (ESS), can predict of changes
in HRQoL since our clinical impression is that these three variables
strongly influence HRQoL outcomes. The identification of possible
predictors for changes in HRQoL may be important for developing
better clinical approaches for young patients with narcolepsy.

2. Methods

2.1. Participants

In December 2014, 91 individuals identified as our national cohort
of narcolepsy patients with onset after autumn 2009 were invited to
participate in the study and were sent baseline questionnaires. The
study was approved by the Regional Committees for Medical and
Health Research Ethics (REK) (REK-number 2014/450). Inclusion
criteriawere: age,5e59years, theonsetofnarcolepsysymptomsafter
autumn 2009, and narcolepsy diagnosis based on the International
Classification of Sleep Disorders (third edition) (ICSD-3) [1]. Written
informed consent was obtained before inclusion.

During the first quarter of 2015, 42 of the 91 patients had
returned their baseline questionnaires; and 36 of the question-
naires were complete. After a full diagnostic evaluation at our ter-
tiary specialist service center, the Norwegian Center of Expertise for
Neurodevelopmental Disorders and Hypersomnias (NevSom),

three of the 36 patients were excluded because they did not fulfill
the inclusion criteria. One patient presented possible debut of
symptoms immediately before vaccination with Pandemrix ®.
However, since these were typical core NT1 symptoms, the patient
was not excluded from this study.

2.2. Procedure

Participants and their first-degree relatives stayed at NevSom for
2e4 days. They were informed about narcolepsy and provided
kindergarten/school/work supportbya specialized teamconsistingof a
seniorconsultingneurologist specializing insleepmedicine, a specialist
nurse and/or specialist educator, and in the case of patients younger
than20years, achildpsychiatrist.All participantsunderwentovernight
polysomnography (PSG) followed by a multiple sleep latency test
(MSLT) with five nap opportunities. Their circadian rhythm was
monitored for 10e14 days before an investigation with actigraphs
(Actiwatch Spectrum Plus, Phillips). Fasting blood tests were done to
establish HLA-typing and to control for routine blood parameters. A
lumbar puncture to sample cerebrospinalfluid (CSF)was performed at
local hospitals and hypocretin-1 in CSFwasmeasured at the Hormone
Laboratory, Department of Medical Biochemistry, Oslo University
Hospital, by previously described methods [37].

Follow-up questionnaires were e-mailed to the 33 study par-
ticipants who had completed the baseline questionnaires; and 31 of
these participants returned the follow-up questionnaire. Partici-
pants received the follow-up questionnaire before being inter-
viewed by telephone (beginning of September 2016 to the end of
December 2016). In addition, participants were asked about their
current medications, and if they had sought medical care, or been
diagnosed with disorders other than narcolepsy, after being
included in our study. For participants younger than 12 years, or for
other reasons requested by the participant, a parent was also pre-
sent and able to contribute to the telephone interview.

2.3. Narcolepsy questionnaires

Subjective core narcolepsy symptoms (cataplexy, EDS, HH, SP)
were assessed with the Stanford Sleep Questionnaire (SSQ),
including the Epworth Sleepiness Scale (ESS), giving scores ranging
from 0 to 24 [38].

2.4. Medication

Pharmacological treatment was evaluated, and appropriate
changes were made during the multidisciplinary treatment in our
specialist center. All study participants took no medication 14 days
before, and during the stay.

2.5. Questionnaires

2.5.1. Health-related quality of life questionnaires
HRQoL was assessed using the 23-item PedsQL™ Generic Core

Scales 4.0 questionnaires which can be divided into the following
Functioning scales: Physical (eight items); Emotional (five items);
Social (five items); and School (five items) [39]. The self-reported
version is available for ages 5e7, 8e12, 13e18, 18e25 and > 26
years. The Norwegian version of the questionnaires are translated
for all age groups and validated for the 5e7, 8e12 and 13e18 age
groups [40]. The items are essentially identical, differing only in
developmental-linguistic age-appropriateness. The items relate to
how much of a problem the respondent has experienced in the
previous month on a five-point Likert scale (0 ¼ never a problem,
1 ¼ almost never a problem, 2 ¼ sometimes a problem, 3 ¼ often a
problem, 4 ¼ almost always a problem). According to the scoring
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instructions (https://www.pedsql.org/score.html) items are
reverse-scored and linearly transformed to a 0 to 100 scale (0¼ 100,
1 ¼ 75, 2 ¼ 50, 3 ¼ 25, 4 ¼ 0), where higher scores indicate better
HRQoL. Scale scores are computed as their sum divided by the
number of items scored. In addition to the four Functioning scales,
three Summary scores were computed. The Physical Health Sum-
mary score is the same as the result for the Physical Functioning
scale. The Psychosocial Health Summary score (15 items) is calcu-
lated by adding the items in the Emotional, Social and School
Functioning scales divided by the number of items answered.
Finally, the Total Health Summary score is calculated by adding the
scores of the 23 items divided by the number of items answered,
ensuring that missing data were accounted for [41].

Our study did not have a control group. However, due to a large
(n ¼ 425), study that validated the PedsQL in healthy children and
adolescents in Norway, our results can be compared to normative
data [40].

2.5.2. Psychiatric comorbidity questionnaires
To assess psychiatric comorbidity we used the Norwegian version

of the Achenbach System of Empirically Based Assessment (ASEBA)
Child Behavior Checklist (CBCL) for the age ranges 1.5e5 and 6e18
years. The correspondingAdult Self Report (ASR)wasused forpatients
aged18e59years.ASEBA is awidelyused tool forassessingpsychiatric
symptoms such as adaptive and maladaptive functioning, with com-
parable scalesacrossageranges [42,43]. TheCBCLconsistsof120 items
divided into eight different syndrome scales: Anxious/depressed;
Withdrawn/depressed; Somatic complaints; Social problems;
Thought problems; Attention problems; Rule-breaking behavior; and
Aggressive behavior. Each item is scored on a three-point response
scale,where 0means ‘not true’,1 is ‘somewhator sometimes true’ and
2 is ‘very or often true’. Scores are the sums for each of the eight
syndrome scales. Five of the syndrome scales for children and six for
adults are also used to derive two broadband scales: an Internalizing
score (Anxious/depressed, Withdrawn/depressed and Somatic com-
plaints) and an Externalizing score (Rule-breaking behavior, Aggres-
sive behavior and Intrusive behavior (adults)). The other syndrome
scales, three for children and two for adults (Thought problems, Social
problems (children) andAttentionproblems), arenot considered tobe
components of either the Internalizing or Externalizing scores, but in
conjunction with these latter are used to derive a Total score. Higher
scores indicate poorer functioning. The ASR is equivalent to the CBCL,
except that in ASR the Somatic complaints syndrome scale is replaced
by that of Intrusive behavior. The raw scores of CBCL and ASR were
manually scored by us and converted into T-scores to facilitate com-
parison. For the syndrome scales the normal range is considered to be
a T-score below 65, borderline cases have scores from 65 to 70, and
clinical cases have values from 70 or higher. For the broadband scales
(Internalizing, Externalizing and Total scores), the normal range is
considered to be a T-score of less than 60, borderline patients have
scores between 60 and 63, and values of 64 and above are considered
to be in the clinical range.

2.6. Statistics

Datawere analyzedwith IBMSPSS version23. Data arepresented
as frequencies; mean (standard deviation (SD), 95% confidence in-
terval (CI)) or median (interquartile range (IQR)) are given when
appropriate. To check for inclusion bias, comparison of the 31 par-
ticipants with the rest of the remaining cohort (n¼ 84) was done by
using the Fisher exact test. Change between PedsQL Total Health
Summary score at baseline and follow-upwas assessedwith paired-
sample T-tests. To assess whether those with low PedsQL Total
Health Summary scores at baseline had increased their scores at
follow-up, studyparticipantsweredivided into twogroupsbasedon

whether their PedsQL Total Health Summary score at baseline was
less or greater than the mean PedsQL Total Health Summary score.
Results of the two groups were then compared with an
independent-sample T-test and by linear regression, adjusting for
age and gender. Data from ASEBA were analyzed using Spearman’s
rank correlation, and linear regression was used when the ASEBA
resultswere assessed for their predictive value for PedsQL, adjusting
for age. Values of p < 0.05 were considered statistically significant.

3. Results

3.1. Characteristics

Demographic, clinical, and laboratory characteristics of the 31
participants (18 females) with NT1 who participated at both
baseline and follow up, are presented in Table 1. All participants
presented with typical clinical NT1 symptoms. Cataplexy was pre-
sent in the two patients without available hypocretin-levels.
Hypocretin-1 was low in the one patient with normal PSG/MSLT.
All patients except for two were H1N1-vaccinated with Pandemrix.
No sign of inclusion bias was detected, when comparing partici-
pants with the non-participating remaining larger cohort regarding
core narcolepsy parameters (frequency of cataplexy, HH, SP, PSG/
MSLT (Total sleep time, mean sleep latency test, number of sleep
onset REM), or hypocretin-1 deficiency (all p � 0.125)).

3.2. Health-related quality of life

The mean Total Health Summary score significantly improved
from baseline to follow up by 5.9 points (95% CI: 0.4, 11.4); this was
mainly driven by improvements in the Physical Functioning by 9.8
(3.0, 16.5) points and the School Functioning scale by 7.5 (1.0, 13.9)
points (Table 2). Comparison between those with a Total Health

Table 1
Demographic, clinical, laboratory characteristics and medications in children and
young adults with narcolepsy type 1 after 2009.

Characteristics Mean (SD) Frequency (n/N)

Age (years) 14.6 (4.8)
Gender Female 18/31

Male 13/31
Symptoms EDS 31/31

Cataplexy 29/31
Hallucination 23/31
SP 20/31
ESS 13.7 (4.5)

Body Mass Index Normal weight 12/31
Overweight 11/31
Obese 8/31

Pandemrix-vaccinated Yes 29/31
No 2/31

HLADQB1*0602 Positive 29/30
Negative 1/30

CSF Hypocretin-1 >200 pg/ml 0/29
110e200 pg/ml 2/29
<110 pg/ml 27/29

PSG/MSLT Positive 30/31
Negative 1/31

Medication at baseline Methylphenidate 19/31
Modafinil 13/31
Venlafaxine 6/31
Fluoxetine 3/31
Sodium oxybate 11/31
Other 5/31
No medication 4/31
One medication 9/31
Two medication 13/31
Three medication 6/31

EDS, excessive daytime sleepiness; SP, sleep paralysis; ESS, Epworth Sleepiness Scale;
CSF, cerebrospinal fluid; PSG, polysomnography; MSLT, Multiple Sleep Latency Test.
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Summary score lower or higher than the group mean clarifies a
significant improvement in HRQoL at follow up, for patients who
scored lower than the group mean at baseline, School and
Emotional Functioning 14.1 (1.5, 26.6) and 20.7 points (8.4, 3.0)
respectively, but not in Physical and Social Functioning at follow up,
giving an increase in the Total Health Summary score of 11.7 points
(0.7, 22.7) (Table 3). This finding was strengthened after adjusting
for age and gender. In summary, the mean Total Health Summary
score significantly improved during follow-up (Fig. 1).

3.3. Psychiatric comorbidity

A total of 31.0% of patients had an ASEBA total score in the
borderline or clinical range (Table 4).

3.4. Correlations and possible predictors

The use of sodium oxybate (Xyrem®) at follow up was positively
associated with changes in PedsQL after adjusting for age and
gender (Table 5). When adding other narcolepsy medications
(methylphenidate, modafinil, venlafaxine, and fluoxetine) to the
linear regression model, sodium oxybate was still the only medi-
cation with statistical significance. ASEBA scores (Internalizing,
Externalizing and Total scores) at baseline were significantly
correlated with the PedsQL Total Health score at baseline (all
p < 0.005), but showed no significant predictive value for changes
in PedsQL between baseline and follow-up (Table 5). ESS at baseline
(as a measure of disease burden) was not correlated with any
changes in HRQoL from baseline to follow up. Cataplexy severity
(frequency) did not show any significant association with changes
in PedsQL at follow-up (data not shown). In conclusion, no pre-
dictors of changes in PedsQL were found except the use of sodium
oxybate (Xyrem®) at follow up.

4. Discussion

The main finding in the current study of Norwegian NT1 patients
who developed narcolepsy after the 2009 epidemic and vaccination
campaign, was impaired HRQoL compared to national normative
data [40,44]. We found a significant increase in HRQoL after two
years of follow-up at a tertiary care center. At the group level, im-
provements were greatest in Physical Health and School Func-
tioning. Further analysis showed that subjects with a below-average
HRQoL score at baseline had improved Psychosocial Health scores as
well. The use of sodium oxybate at follow up was positively associ-
ated with a better HRQoL outcome at follow up. Indicators of psy-
chiatric comorbidity (ASEBA-scores) and narcolepsy disease burden

Table 2
Scale description for Pediatric Quality of Life Inventory (PedsQL) at baseline (T1) and follow-up (T2).

Self-reported PedsQL T1 Mean (SD) T2 Mean (SD) T2-T1 Mean (95% CI) p

Functioning scale score
Physical 65.9 (20.7) 75.7 (17.4) 9.8 (3.0, 16.6) 0.006*
Emotional 63.2 (25.6) 65.8 (21.9) 2.6 (�4.5, 9.7) 0.464
Social 74.0 (19.6) 75.3 (20.5) 1.3 (�5.6, 8.1) 0.703
School 53.4 (18.4) 60.8 (13.7) 7.5 (1.0, 13.9) 0.025*
Summary score
Psychosocial 63.5 (18.9) 67.3 (16.1) 3.8 (�1.7, 9.3) 0.171
Total Health 64.4 (18.6) 70.2 (16.1) 5.9 (0.3, 11.4) 0.038*

T1, first time questionnaire was answered; T2, questionnaire answered at follow-up The mean (SD) scores from Reinfjell et al.’s study validating the PedsQL in children and
adolescent in Norway; Physical Health score; 91 (10), Emotional Functioning score; 77 (17), Social Functioning score; 88 (13), School Functioning score; 78 (15), Psychosocial
Health Summary score; 82 (13), and finally, Total Health Summary score; 85 (11) [40].

Table 3
Improvement in Pediatric Quality of Life Inventory (PedsQL) from baseline to follow-up in subgroups based on group mean PedsQL Total Health summary score at baseline.

Changes in selfereported PedsQL Less than group mean (SD) Greater than group mean (SD) Difference between Groups (95% CI) p

Functioning scale scores
Physical 13.6 (24.1) 6.7 (12.0) 6.9 (�7.9, 21.8) 0.341
Emotional 14.0 (16.8) �6.7 (16.4) 20.7 (8.4, 33.0) 0.002*
Social 5.7 (19.1) �2.4 (18.0) 8.1 (�5.7, 21.9) 0.241
School 15.2 (15.2) 1.1 (13.5) 14.1 (1.5, 26.7) 0.030*
Summary scores
Psychosocial 11.6 (15.9) �2.7 (11.0) 14.3 (3.9, 24.5) 0.009*
Total Health 12.3 (17.3) 0.6 (10.8) 11.7 (0.7, 22.8) 0.039*

Less than the group mean, n ¼ 14; greater than the group mean, n ¼ 17.

Fig. 1. Individual changes in Pediatric Quality of Life Inventory (PedsQL), Total Health
Summary score, at baseline (T1) and follow-up (T2).
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(ESS) at baseline were not associated with changes in HRQoL at
follow up.

This significant increase inHRQoL at follow-up is in contrast to the
findingsof theprospective studyofSarkanenetal., [36],who foundno
such change after two years' follow-up. However, they reported a
reduction in Rimon’s Brief Depression Scale that they speculated
might reflect adaptation to disease symptoms. The same explanation
could apply to the improvement in Psychosocial Health seen in sub-
jectswithbelow-averageHRQoL inour study. Yet, this could alsoarise
by the statistical phenomenonof regression to themean, althoughwe
observed considerable individual variation in the effect in the group
with an HRQoL score less than the group mean. Our results are in
contrast to a large population-based study of 1821 healthy children
from Norway, aged 8e16 years, which showed that the overall total
HRQoL decreased after six months of follow-up [45].

The association between the use of sodium oxybate and
increased HRQoL at follow up is consistent with both the clinical
impression and patients’ own assessments. It is in linewith the study
of van Schie et al., [46], which showed that patients treated with
sodium oxybate often report less daytime sleepiness and better
alertness. Our findings are also supported by the report by Rocca
et al., of patients treated with sodium oxybate having significantly
better School Functioning than drug-naive NT1 patients [8].

Sodium oxybate, the salt of the neurotransmitter ƴ-hydrox-
ybutyrate (GHB), is currently the only available drug that can
improve all of the core symptoms of narcolepsy. It is thought
mainly to activate GABA type B receptors [13,47,48]. Its beneficial
effects occur gradually and are markedly time-dependent [13],
possibly taking 100e200 days to produce its maximum level of
effect [49]. Thus, it is possible that patients using this drug at
baseline might have experienced a better response to it when
measuring HRQoL at follow-up. Its effect in NT1 patients underlines
the complexity of the pathogenesis of NT1 and helps explain the
heterogeneity of the disorder.

As expected,we foundan inverse correlation at baseline between
the ASEBA and PedsQL scores. In agreement with our findings, Ino-
cente et al., [30] showed that depression in narcolepsywas themost
important contributing factor to impaired HRQoL. However, our
results revealed no relationship between the ASEBA score at base-
line and change in PedsQL after two years of follow-up. Contrary to
what is seen in other disease populations, the psychiatric challenges
in children and young adults with narcolepsy have been considered
to be a result of intrinsic dysfunction due to the loss of hypocretin
neurons rather than due to psychiatric comorbidity [8].

We found no association between EDS at baseline and changes
in HRQoL after two years of follow-up. Yet, it is possible that the
tools used for measuring EDS in this and other studies are not
sensitive enough to reflect the severity of subjective sleepiness in
patients with narcolepsy. Some cross-sectional studies indicate an
association of EDS with impaired HRQoL [8,35], while others have
not found this association [28,29,33].

Some factors that might influence our results need to be
considered. First, although drawn from a bigger cohort, the sample
considered in this study was small, with the consequent risk of
selection bias and limited statistical power. Our findings are
strengthened by the fact that all patients received the study invi-
tation consecutively, and included patients received the same
intervention consisting of confirmation of diagnosis, education
about the disease, psychosocial evaluation, and medical and
nonmedical treatment advice. We acknowledge that our findings
would have been evenmore compelling if a control group had been
included in the analysis. However, we could compare our results to
national normative data, which further strengthened our results.
Furthermore, discrepancies in clinical assessment of psychiatric
comorbidity measured by ASEBA between multiple informants
have been described [50e54]. In non-clinical study samples, youths
tend to report a higher severity of symptoms than their parents
[50,55]. Although, in a clinically-referred study population, parents
are more likely to report a higher severity of symptoms [50]. A
meta-analysis showed greater agreement between the ratings for
younger than for older children [56]. We acknowledge that the use
of both self-report and parent-report, depending on the age, could
potentially be a limitation. However, due to the age span in our
cohort, the use of either a self-reported version or a parent-
reported version only would have produced bias as well.

Narcolepsy is a heterogeneous disease with frequently reported
psychiatric comorbidities that make treatment and follow-up a
challenging task. Using the HRQoL survey and psychosocial evalu-
ation as tools to enable better treatment and follow-up could be of
great help to clinicians working in this field. Consequently, further
studies exploring the impact of narcolepsy on quality of life and its
interaction with psychiatric comorbidities are warranted.
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Table 4
ASEBA T-score at baseline.

Broadband Scale ASR n ¼ 8 CBCL n ¼ 23 ASR or CBCL n ¼ 31

Mean (SD) BR% CR% Mean (SD) BR% CR% BR% CR%

Internalizing problems 64.25 (11.08) 12,5 50 59.78 (8.07) 21.7 30.4 17.2 34.5
Externalizing problems 55.38 (7.73) 25.0 12.5 52.70 (9.47) 8.7 13.0 13.8 10.3
Total problems 60.25 (8.58) 0 50 57.43 (8.40) 4.3 26.1 3.4 31.0

ASEBA, Achenbach System of Empirically Based Assessment; CBCL, Child Behavior Check List; ASR, adult self-report; borderline range (BR) for syndrome scale, T-score 65e70;
clinical range (CR) for syndrome scale, T-score �70; BR for broadband scale, T-score 60e63; CR for broadband scale, T-score �64.

Table 5
Possible predictors of changes in health-related quality of life (HRQoL).

b (95% CI) p

Sodium oxybate at T2 13.05 (1.58, 24.5) 0.027*
Total ASEBA score 0.52 (�0.19, 1.22) 0.147
Internalizing ASEBA score 0.35 (�0.35, 1.10) 0.309
Externalizing ASEBA score 0.36 (�0.32, 1.05) 0.284
ESS �0.18 (�1.64, 1.29) 0.807

Linear regression, adjusted for age and gender. ESS, Epworth Sleepiness Scale;
ASEBA, Achenbach System of Empirically Based Assessment.
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