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Abstract 

Background 

Bacterial infection occur frequently in children.  In 2015 more than 900,000 children below 5 

years were killed due to respiratory tract infections (RTIs).  Early life onset and prolonged use 

of antibiotics in children can leads to health complications later in life. Antibiotics prescribing 

in young children is affected by many factors and identifying these factors can provide an 

opportunity to develop strategies for better prescribing. 

The Norwegian government plans to reduce consumption of antibiotics agents with 30% by 

2020 compared to the level in 2012. 

 

Purpose 

The purpose of this study was to identify groups of children based on the trajectories obtained 

by total number of prescriptions collected during first three years of life using GBTM. 

 

Material and methods 

Data on redeemed antibiotic prescriptions was obtained from NorPD for all children 0-3 years 

born in Norway from 2004 to 2017. Those without a personal identifier number and less than 

two prescriptions were excluded. Group-based trajectory modeling is used to identify clusters 

of children that are following similar trajectories of a single indicator of interest like gender or 

birth season.  

 

Results 

A total of 184012 children were included. Trajectory models with four groups was considered 

best fit for our study based on the criteria of model selection in GBTM. Group 1 had 1.8% of 

children from population of 184012, in that the proportion of children with antibiotic 
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prescription was approximately 48%, group 2 had 39.7% of children in this the proportion of 

children with the antibiotic prescription was around 17%, group 3 had highest number of 

children 57.8% in that the proportion of children with antibiotic prescription was around 19%, 

group 4 consisted of lowest number of children 0.73% in it the proportion of antibiotic 

prescription was 58%. The average number of prescription in groups (1, 2, 3, and 4) were 

9.97/child, 2.74/child, 2.70/child and 12.01/child respectively.   The trajectories obtained as per 

birth season showed that the first peak in group with highest proportion of antibiotic 

prescriptions (red color curve) occurs around the first winter experience of children. There was 

no association between birth seasons and proportion of children collecting antibiotic 

prescription as per the trajectories obtained for the complete database, based on the descriptive 

table shown in results section. The trajectories based on gender for male and female were 

identical, and even the group sizes were approximately same for both genders.  

 

Conclusions 

Our results do not suggest marked differences among children born in birth seasons and the 

association to the trajectories showing proportion of antibiotics prescription collected. There 

was considerable difference in the group sizes and proportion of children in the trajectories 

obtained for prescription based by birth season. However, winter was the duration when 

collection of antibiotics prescription was highest among children. 
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Abbreviations 

 

AIC Akaike information criterion 

AMR Antimicrobial resistance 

AOM Acute otitis media 

BIC Bayesian information criterion  

DDD Defined daily dose 

FHI Folkehelseinstituttet  

FOR Fear of recurrence 

GBTM Group based trajectory modelling 

GP General Practitioner 

NorPD Norwegian prescription database 

PCV Pneumococcal conjugate vaccine 

PDC Proportion of days covered 

RTI Respiratory tract infection 

UTI Urinary tract infection 

WHO World Health Organization 
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1 Background 

1.1 Antibiotics and Children 

 
The public health strain of infectious diseases in childhood is vast. Children younger in age 

have higher chances to pick up infections due to tender immune system, and narrower passages 

(in sinus, bronchi and ear) . The other factors for high rate of infection transmission in childhood 

are close physical contact, and minimal use of sneezing / coughing behavior. In Norway, the 

first line of healthcare services are provided by general practitioners (GPs) for all citizens (1). 

 

Worldwide RTIs from bacteria are major cause of mortality and morbidity. In 2015 more than 

900,000 children 5 years were killed due to pneumonia. These numbers accounted for 16% of 

all deaths in that age group. Consumption of antibiotics shows cyclic variations, and in the 

Northern hemisphere, the number of users is normally highest during the winter months (2). 

Airway infections is the most frequent indication for treatment, and the one-year periodic 

prevalence of use is highest among children 0-3 years (3).  

 

In children 20-50% of the antibiotic prescriptions are given to treat nonbacterial upper 

respiratory tract infections, for that antibiotics are mostly ineffective. A study from Denmark 

shows that exposure to antibiotics differs significantly between children born in different 

seasons and age at first use of antibiotics (4).  

 

Further, children cannot be treated as a single homogenous group. There are major differences 

among neonates, infants, children and adolescents in respect to pharmacodynamics and 

pharmacokinetics. The efficacy and safety of medicine in children is primarily derived from 

clinical trials for adults (5).  
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Approximately one-third of outpatient medication prescription provided to children are either 

off-label or unapproved by monitoring authorities. Children given untested medicine might 

experience harm. As per documented pediatric adverse conditions for drugs used off label 

comprised chloramphenicol induced gray baby syndrome and propofol sedation related with 

cardiac failure and deadly metabolic acidosis (6). 

 

The AMR and emergence of multi-resistant bacterial strains is of clinical concern with major 

implications to public health worldwide. Several studies have highlighted increase in antibiotic 

resistance by bacterial pathogens to cause infections globally (7). There are differences in 

antibiotic use across the world based on local medication practices, availability of antibiotics 

without prescription, and where regulations of antibiotic usages are limited. In some countries 

with few resources, the antibiotic consumption would be less due to the drug shortage (8).  

 

A study in UK in pediatric centers found that changes in antibiotic prescription are not solely 

dependent on patients related factors. Newly qualified GPs from UK prescribe antibiotics less 

often than older GPs, also GPs with higher workload prescribe more antibiotics. The prescribers 

are influenced by social norms. Children, aged persons, smokers, females and people with 

multiple comorbidities possess higher risk of complications due to infections and are prescribed 

antibiotics frequently (9).  

 

As per a German study delayed antibiotic prescription, particularly waiting and observing is a 

good way for avoiding antibiotics especially in acute otitis media AOM (age > 24 months) and 

sinusitis. A delayed antibiotic prescription can be implemented in two ways (10). 
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1. Wait and observe. The child is observed carefully by parents, a medical checkup or telephonic 

consultation is required. If the child’s condition does not improve or worsens, then the 

antibiotics be prescribed after 48 hrs. 

 

2. Give a prescription that can only be redeemed if there is no improvement. However, there is 

a risk that parents may hoard the antibiotics, take it themselves or give it to their child without 

a further visit to the doctor (10). 

 

Interventions to improve prescribing of antibiotics aims for usage of narrower spectrum of 

antibiotics instead of broad spectrum antibiotics and decrease inappropriate antibiotics 

prescribing. Interventions can be directed at general public, patients, physicians or 

combinations of these groups (11).  
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1.2 Epidemiology of RTIs and UTIs 

 
Respiratory tract infections include colds (rhino pharyngitis), (AOM), laryngitis, bronchitis and 

pneumonia. However, AOM and pneumonia could have bacterial etiology (12). AOM is a 

widely occurring disease in early infancy and childhood. Approximately 10% of children have 

an issue of AOM by 3 months and by age of 3 years around 50-85% of children experience one 

episode of AOM. The peak age-specific incidence occurs in 6-15 months of age.  Despite 

several clinical trials, there is no agreement for optimal therapy of AOM. The proportion of 

patients receiving antibiotics treatment for AOM vary from 56% in Netherland to 95% in USA, 

Australia and Canada. For many years delayed antibiotic strategy for AOM has been 

encouraged (13). 

 

A Norwegian study covering 24,888 consultations on 19,938 patients during December 2004 

to November 2005 examined data on RTIs in children 0-6 years. RTI was common among 2-3 

years children, and the majority of diagnosis were of AOM, cough and upper respiratory tract 

infection. Antibiotics were prescribed in 26.2 % of the consultations (14). RTIs are monitored 

through Sykdompulsen, a registry of infectious diseases it is updated monthly for the number of 

consultations with GPs and emergency services. Consultations show seasonal variation for 

RTIs. The number of consultations is lower during holidays and public holidays. This is 

particular around Christmas / New Year and Easter and during the summer holiday weeks (15).  

 

UTIs are common bacterial infections in children below 2 years. Well-treated UTIs have overall 

a good outcome. However, delayed treatment can lead to renal scarring (16). Cumulative 

incidence of UTIs in children before the age of two years is 2.1% for girls and 2.2% for boys. 

Girls reach a higher rate of incidence compared to boys between 3-6 months of age (17).  
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As per a study in USA the recurrence rate for UTI in girls is significant despite the absence or 

presence of a urinary tract abnormality. Recurrence rate for UTI in males is less frequent, it 

affects approximately one third of those with UTI (18). Oral antibiotic treatment is preferred as 

the first choice for urinary tract infections in children both in abroad and Norway (19).  
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1.3 Antibiotics Prescriptions in Norwegian Children 

 
The Norwegian Prescription database (NorPD) has been available since 2004. As per an article 

published in 2019, there is 11% reduction in consumption of antibiotics measured as DDD 

compared to 2012 (20). Five of the 20 most commonly delivered drugs to the age group 0-17 

years were antibiotics (21). 

 

In Norway in 2017, there were about 800,000 consultations of children 0-5 years at GPs and in 

emergency departments. RTIs was diagnosed in 34% of these cases (22). Several studies 

confirm that the amount of antibiotics agents consumed is associated to the level of resistance 

of pathogenic bacteria (23-24). Although Norway has low levels of antimicrobial resistance 

(25), the government published a plan to reduce the consumption of antibiotics agents with 30% 

by 2020 compared to the level in 2012 (26). 

 

 Another prescription register study from Norway records the delivery of antibiotics in children 

< 18 years. The proportion of prescription for antibiotics in 2016 was highest in the age group 

< 3 years with 389/1 000, compared with 164/1 000 for children in the age group 6 - 11 years. 

In children < 3 years in 2016 there were 412 prescription/1 000 boys compared to 363 

prescriptions/1 000 girls. From year 2005 to 2016 the number of prescriptions decreased by 

28% for children < 3 years (27). 
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There are other reasons for reducing the consumption of antibiotics agents. There are 

gastrointestinal side effects like diarrhea and change in microbiota. A study in Finland found 

that use of antibiotics agents among children, especially macrolides, was associated with 

reduced diversity in microbiota (28). Broad-spectrum antibiotics change the properties of the 

microbiota, which is assumed to be function in the monitoring of the immune system (29). 

 

The relationship of postnatal exposures to antibiotics in the first year of life with later 

development of allergic diseases in children have been reported in some studies from several  

countries .A recent study conducted in Japan, found that the antibiotic use in first two years of 

age was associated to dermatitis and rhinitis. The same study also highlighted that children who 

were given antibiotics early in life later had increased probability of asthma (30). 

 

A study found that usage of antibiotics may enhance the probability of asthma by decreasing 

the defensive effect of microbial exposure. However, the confirmation of a relation between 

usage of antibiotics in children and development of asthma has been inconsistent (31). A study 

comparing the microbial profile between individuals with and without obesity found a lower 

distinctiveness of microbes in individuals with obesity. The first year of life is crucial for the 

development of the microbiome since the infant gut advances from sterile environment to a firm 

environment similar to adult gastrointestinal tract. There is incomplete recovery of microbiota 

after antibiotic treatment. These disturbances may lead to weight gain in future.  There is small 

association between consumption of antibiotics in infancy (<24 months) and childhood 

overweight in few subgroups of children (32). 
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Another recent study in Denmark identified the association between birth seasons and delivery 

of antibiotics agents to children during the first year of life. The birth seasons were mapped as 

winter (December–February), spring (March-May), summer (June-August) and autumn 

(September-November). The probability of a first prescription enhanced with age throughout 

infancy and changed by season (4).  

 

However, it is unknown whether arbitrary set dates is optimal when predicting time to first 

treatment or number of treatments during the first 3 years of life. Prescribing of antibiotics to 

children before the age of three is influenced by many factors. The mapping of these factors 

could be utilized to target interventions to reduce prescribing. 

 

The Norwegian antibiotic prescription pattern from 2004 would had been effected by measures 

and events that occurred during the course of time like PKV, and mycoplasma epidemics (33), 

and seasonal influenza due to bacterial secondary infection (34). There are events that would 

reduce prescribing like introduction of PKV vaccination program. PKV had been the part of 

childhood vaccination program since 2006 (35). 

 

 There had been regular amendments in national guidelines for antibiotic usage in primary 

health care (36-38). Children born from 01.07.06 received the vaccine as the usual standard 

program, and those born from 01.01.06 had the option to obtain vaccination (39). As per a 

Norwegian cohort study that included children born in 2001-2008, the incidence of AOM and 

lower respiratory tract infections among children 12-36 months of age irrespective of 

vaccination status decreased by 1.5-2.5% for children born in 2008 compared with children 

born before 2006 (40). 
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There have been three major mycoplasma epidemics in Norway during 2006, 2011-12 and 

2016-17. It is mapped through a voluntary cooperation between FHI and medical 

microbiological departments in Norway (33, 39). However, it should be noted that most often 

children 3-15 years are affected by mycoplasma pneumonia (33). In Norway seasonal flu 

normally occurs between weeks 40-20. FHI shows that children under the age of 12 might 

receive secondary or simultaneous infections with ear and pneumonia during this duration. In 

this scenario, a doctor might prescribe treatment with antibiotics (34). 

 

The guidelines for pediatric treatment with antibiotics agents were first published in 2000 (36), 

were revised in October 2008 (27), then in November 2012 (37) and later in 2014-2015 (41). 

The major difference between the editions in 2000 and 2008 is stricter regulation for treatment 

of respiratory infections, and less frequent prescription for amoxicillin both for respiratory and 

urinary tract infections (27). 
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1.4 Method for investigating Antibiotics consumption pattern 

 
In this project we use group based trajectory modeling to demonstrate differences in collection 

of antibiotic prescriptions and continuity across children 0-3 years. The purpose of using GBTM 

in our analysis is to better understand the time-varying antibiotic prescription patterns and ease 

the interpretation of results to identify hidden groups in trajectories.  

 

Group based trajectory modelling (GBTM) had been applied in clinical and non-clinical 

settings, and was initially developed to study the developmental pattern of criminal behavior. 

GBTM is now used in biomedical research in varied segments as chronic kidney disease 

progression, obesity, pain, smoking, medication adoption and adherence, and concussion 

symptoms (42, 43). 

 

In GBTM the trajectories from each group follow a unique response pattern. Initially the GBTM 

was meant to examine patterns of change over several years. The underlying groups identified 

by GBTM are not to be considered unique from one another, rather as a statistical 

approximation. There would be members in population that would clearly belong to a particular 

group while others would be tougher to classify (43).  

 

The trajectories obtained should not be considered as exact trajectories that individuals follow 

during a study period. It should be used as tool for interpreting heterogeneity in a data set and 

good understanding of change and continuity with graphical presentation (44). 

  



14 
 

There are several measures to understand medication pattern (45), like Percentage of Days 

Covered (PDC). When antibiotic prescription patterns are to be estimated GBTM are superior 

to PDC. PDC limit the long term medication use to a single scalar, but GBTM accounts for 

varying patterns (46). This reduction in PDC makes time oriented changes in antibiotics 

prescription delivery difficult to interpret.   

 

GBTM is based on statistical method called finite mixture modeling (47). This may enable us 

to characterize patterns of antibiotic prescription over time and identify the prescription 

collection differences based on e.g. gender and birth seasons. However, these procedures could 

even be applied in birth period and antimicrobial prescription for children. 

 

For example, one study using GBTM was done among women recently diagnosed with 

gynecological cancers and fear of recurrence (FOR). FOR includes different types of fears 

related to illness like that cancer will progress, recur or metastasize. Several papers suggest that 

around 17-72% of cancer patients reported higher levels of FOR. High level of FOR remains in 

subgroup of cancer survivors even years after treatment is completed. Longitudinal studies can 

be used to describe changes in FOR over a period.  

 

However, more can be learned by finding subgroup of women that follow similar pattern of 

change over period. Probably, women who begin with high FOR that decreases with time might 

differ in characteristics to women with initial low FOR and remain stable. These changes over 

time and predictors of these changes enable clinicians to target those who require intervention.  
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Figure 1.1. Trajectories of global fear (Source: Manne, S.L., Myers‐Virtue, S., Kissane, D., Ozga, M.L., Kashy, 
D.A., Rubin, S.C., Rosenblum, N.G. and Heckman, C.J., 2017. Group‐based trajectory modeling of fear of 
disease recurrence among women recently diagnosed with gynecological cancers) 
 

The first subgroup low-stable comprised 25.5% had low global FOR at first assessment and 

remained low over time. The high-decreasing subgroup comprised 25.3% of the sample initially 

had high global FOR, but it decreased over time. The third subgroup high-stable was largest 

with 49.1% of the sample. The women in this subgroup maintained high global FOR throughout 

the time. Previous studies have suggested that woman with high-stable FOR are more prone to 

be diagnosed with metastatic cancer (48, 49).  

 

Another study based on GBTM assessed adherence to antihypertensive medicines in adults in 

a pharmacy setting. Adherence to medication is the extent to that a patient consumes the 

medication as prescribed. Non-adherence is around 34-50% for chronic illness (50). Proportion 

of Days Covered (PDC) is one way to measure adherence in clinical settings. However, this 

results in loss of information especially on the pattern of adherence.  

 

As per above study a patient who misses medication every alternate days would have similar 

PDC to patient who discontinues medication halfway in treatment. Patients that discontinue 

medication need different mediation compared to those that forget to take medication, each 

group needs to separate intervention strategy to ensure they abide to proper intake of 
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antihypertensive medication. GBTM was used to measure adherence to medication in this 

example of pharmacy dispensing records. GBTM identified groups of patients that followed 

similar pattern of pharmacy medication refill behavior in this example. 

 

 

Figure 1.2   Trajectory Group Models with 2-5 groups (Source: Dillon, P., Stewart, D., Smith, S.M., 
Gallagher, P. and Cousins, G., 2018. Group‐based trajectory models: assessing adherence to 
antihypertensive medication in older adults in a community pharmacy setting).  

 
In figure 1.2 four models illustrate 2-5 adherence trajectory groups. The X-axis reflects 30 day 

interval in follow-up duration. The Y-axis reflects the number of days covered with 

antihypertensive medication during 30 days period. Adherence of 905 patients is shown for 

duration of 12 months using GBTM. The increase in number of groups provided better 

statistical fit BIC and AIC. The three-group model was considered best fit in this example as it 

fulfilled the requirement to have minimum group size of 5%. 
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The three group model illustrates three distinct trajectories, each trajectory reflects a pattern 

of medication adherence during a period of 12 months. The three groups are very high level 

of adherence 52.2 %, consistent high level 40.9% and low level of adherence 6.5% (50). The 

purpose of GBTM is to not find true number of trajectory groups. However, to find the distinct 

features in data (51). After 7-8 months the number of days covered with antihypertensive 

drugs in low level of adherence group drops from around 23 days to 13 days per month.  

 

In GBTM the fundamental concept of interest is the distribution of outcomes conditional on 

age (or time); that is, the distribution of outcome trajectories denoted by P(Yi |Agei ),  where 

the random vector Yi represents child i’s longitudinal sequence of collection of antibiotics 

prescription and the vector Agei represents child i’s age in months when each of those 

measurement is recorded. The group-based trajectory model assumes that the population 

distribution of trajectories arises from a finite mixture of unknown order J. The likelihood for 

each child i, conditional on the number of groups J, may be written as below (52). 

𝑃𝑃(𝑌𝑌𝑖𝑖|𝐴𝐴𝐴𝐴𝑒𝑒𝑖𝑖) = �𝜋𝜋𝑗𝑗 ∙ 𝑃𝑃�𝑌𝑌𝑖𝑖�𝐴𝐴𝐴𝐴𝑒𝑒𝑖𝑖 , 𝑗𝑗;𝛽𝛽𝑗𝑗�
𝐽𝐽

𝑗𝑗=1

 

 

πj is the probability of being in group j, and the conditional distribution of Yi given membership 

in j is represented by the unknown parameter vector βj that among other things determines the 

shape of the group-specific trajectory. The trajectory is modeled with up to a 5th order 

polynomial function of age (52). 

 

Therefore, in GBTM individuals that follow a similar longitudinal progression of outcomes are 

identified and grouped together. GBTM assumes there are unrecognized subpopulation or 

separate groups based on their trajectory over time. Statistically, GBTM involves the concurrent 
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estimation of different regression models, linking the information from all models to identify 

the maximum probability of belonging to a potential trajectory group for the same individual 

(53).  

 

Several factors need to be considered while analyzing studies that implemented GBTM. These 

are the duration of the study, the number of trajectory groups resulting from the analysis, the 

curves of trajectory groups identified and the drugs category studied. The number of trajectories 

in most of the studies are 4-6 adherence groups. However, a study by Lo-Ciganic et al., for 

hypoglycemic drugs classified adherence patients in patients using seven trajectory groups (54).  

 

On the other hand, Greenley et al., found only two adherence trajectories for patients on 

thiorpurine in Inflammatory Bowel Disease (55). The main goal of GBTM is to describe and 

summarize different patterns, to ease the complexity of the situation and better understand 

differences between individual or patients behavior. Therefore, a key point is that the individual 

belonging to particular trajectory groups are similar in many aspects rather than being identical 

(56). 
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2. Objectives 

The main objective of this study is to investigate whether it is possible to identify groups using 

GBTM based on the trajectories obtained for overall number of prescriptions in the first 3 year 

of life. 

The secondary objective is to investigate if birth seasons give different trajectories. 

 

2.1 Hypothesis 

 
Our hypothesis assumes that it is possible to identify groups using GBTM to identify trajectories 

for total number of prescriptions given in children 0-3 years in Norway. 
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3. Material and Method 

 

3.1 Data Material 
 

Data on dispensation of systemic antibiotics during the period 2004-2017 for the 0-3 years age 

group is obtained from NorPD. NorPD contains information about the drug user, drug and 

prescriber. The database consists of retrospective longitudinal data and includes complete 

disclosure data for the study population. The complete description of NorPD is described 

elsewhere in Furu (57).  

 

3.2 Method  

3.2.1 Study Design 

 
Descriptive analysis is done in a cross-sectional perspective while regression analysis is done 

in a cohort perspective. 

 

3.2.2 Study Population 

 
We included any children who collected more than or equal to 2 and less than or equal to 20 

antibiotic prescriptions in first three years. The database is divided into two base groups. First 

group consist of data without a valid pseudo birth date, second group (database II) consist of 

data with a valid pseudo birth date. The following chart shows the second database group with 

inclusion and exclusion. In database II an exclusion has been made if there is no pseudo birth 

number, or lack of information about gender. Missing data are common in any study, especially 

if data is collected repeatedly over time. The collection of a complete dataset on individual is 

almost impossible. For example, in a cross-sectional survey the missing data is in form of 

individual non-response. Here the individual is not able or does not want to respond to a 
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particular question. Figure 3.1 shows the inclusion and exclusion of prescriptions that were not 

assigned any permanent ID, had less than 2 or more than 20 prescriptions, missing data. Then 

we combined all the prescriptions with their respective valid patient ID.  

 

  
Figure 3.1 Flowchart for the inclusion and exclusion in the period 2004-2017. 

 

3.2.3 Variables and definition 

Prescription Delivery Year and month 

It is used to calculate age and time to first delivery of antibiotics. 

 

Patient ID Number 

These allow to follow the individuals over time. In our study it would be used to calculate the 

number of prescriptions given to respective individual patient. Those children without pseudo 

birth ID number are given ID Key. It is not possible to use these random numbers to follow 

individuals over time. They would be excluded from our dataset for analysis.  
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Pseudo Birth Date 

SPSS was used to generate pseudo birth date. The pseudo birth date was calculated as taking 

the 15th of every month as pseudo date for children born in that particular month. This gives the 

least margin of error. This is significant to calculate the approximate age and time to first 

prescription of antibiotics. In some cases where the date of birth is before 15th of that respective 

month and they have received antibiotics treatment in the same month before the date of 15th, 

that individual would have negative age. We did not include these children in our dataset. 

 

Prescriptions 

The number of prescriptions delivered is used as a measure of consumption. Children with 

similar ID numbers are summed up with their total prescriptions individually. Furthermore, we 

included children with more than or equal to two prescription and less than or equal to 20 

prescriptions till the age of three years.  

 

Birth Season 

The four birth seasons would be considered for our analysis, they have been coded as 1,2,3,4 

by using SPSS. 

 

Seasons Months SPSS Code 

Winter December-February 1 

Spring March-May 2 

Summer June-August 3 

Autumn September-November 4 

 

Table 3.  1 Birth Seasons with corresponding months and codes in SPSS. 

 

Children born in the spring (March-May) would experience winter months at 8-10 months of 
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age. As per the pseudo birth date Children born on 15 May would be 9 months old on 15 

February and children born on 15 April would be 8 months old on 15 December.   

 

3.2.4 Software Used 

 
The following software were used 

1. IBM SPSS for removing variables from NorPD that were not relevant(dispensing date, 

patient without ID number, prescriber's year of birth, prescriber's sex, prescriber's profession 

code, prescriber without ID number, patient's residential county number, dispensing number, 

number of packages, prescription pharmacy retail price, number of DDD, prescription category, 

prescription category number, drug article number, drug brand name, drug package size, drug 

strength, drug package unit, DDD value, DDD unit). We used SPSS for dataset  analysis, 

removing missing values, creating pseudo date of birth, calculating age. 

2. Microsoft Excel was used to calculate average antibiotics prescription in children. 

3. GBTM analysis are performed using Stata/MP 16.0 for Windows (StataCorp Revision 2019, 

College Station, Tx, USA) 

 

The GBTM program a well-established SAS-based procedure for estimating group-based 

trajectory model. GBTM provides a statistical method to identify groups of separate trajectories 

that are summarized by a finite set of different polynomial functions of age or months as per 

maximum likelihood estimation (58, 59). The shape of individual trajectory is dependent on the 

order of polynomial function used for modeling. The order of polynomial should be high to 

match the shape that might emerge from data. This is significant to analyze cyclical patterns 

(56). This thesis uses cyclical pattern for analyzing antibiotic prescription collection during the 

seasons for  first three years of life. 
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Installation of Traj can be done by using the following commands within Stata. An extra 

command, trajplot, supports plotting the results. 

. net from http://www.andrew.cmu.edu/user/bjones/traj  

. net install traj, replace 

 

The datasets including variables of interest were transposed from long format to wide format in 

this thesis. Therefore, maximum likelihood estimators would offer unbiased and asymptotical 

parameter estimates. 

 

3.2.5 Syntax 

 
traj [ if exp ] , var( varlist ) indep( varlist ) model( string ) order( numlist ) 

trajectory variables var (varlist) dependent variable, here are the prescriptions taken during 0-3 

years of age.  

Indep (varlist) independent variables, it is when the dependent variables measured.  

Order( numlist) polynomial type ( (0=intercept, 1=linear, 2=quadratic, 3=cubic ) 

 

3.2.6 Model Selection 

 
The software provides three alternative specifications of p(.): the censored normal distribution 

also known as the Tobit model, the zero-inflated Poisson distribution, and the binary logit 

distribution. 

 

The following commands fits our four-group model to the antibiotics collection data during a 

defined period and graphs the results.  

traj, var(p1-p36) indep(t1-t36) model(logit) order(3 3 3 3) 

http://www.andrew.cmu.edu/user/bjones/traj
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The trajectories were obtained from the following Syntax 

trajplot, xtitle(Scaled Age) ytitle(Prevalence) 

 

PROJ TRAJ assigns group membership to each child where the posterior probability in that 

group is the highest. Parameter estimates are based on maximum likelihood through the quasi-

Newton optimization procedures and standard errors are almost by a first order Taylor series 

expansion (42). Trajectory groups are group of children following almost similar pattern of 

collection of antibiotics prescription. They do not belong to a trajectory group but are assigned 

probability of group membership. The cohort follows a continuous distribution; it should not 

be regarded as concrete or real (45). For example, table 3.2 gives an example of model selection 

using BIC criterion, and estimated group proportions. The model with 4 groups can be assumed 

to be best fit model as it has low BIC value, all groups size are above  5%. 

 

   Estimated group proportions 

Group 

Numbers 
BIC 

Polynomial Order of 

each group trajectory 

Group 

1 (%) 

Group 

2 (%) 

Group 

3 (%) 

Group 

4 (%) 

Group 

5 (%) 

1 -18,000 2 100 - - - - 

2 -16,788 2, 3 46 54 - - - 

3 -15,999 2, 1, 3 25 50 25 - - 

4 -15,600 2, 3, 0, 3 10 20 30 40 - 

5 -15,100 1, 3, 3, 3, 3 4.7 19.3 9.2 21.5 35.3 

Table 3.2 Estimated group proportions should exceed 5.0%. 3 The model with the highest (least negative) BIC 
value is preferred. Trajectory shapes: 0, constant; 1, linear; 2, quadratic; and 3, cubic. Abbreviation: BIC, Bayesian 
Information Criterion. 
 

Therefore, in this thesis membership probability is estimated for each child subject to every 

trajectory. For example, Child A has the membership probability of 72% to trajectory 1, 15% 
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to trajectory 2, 3% to trajectory 3 and 10% to trajectory 4 in our four group model. The child 

would be assigned to the trajectory for which child has the highest probability.  

 

The model fitting process of the GBTM is repetitious and demanded running the model several 

times, changing the number of groups and assigned order each time to generate the best fitting 

model for the data.  When building group-based models we did not have a prior knowledge on 

deciding number of groups on how prescription of antibiotics changed over time. The following 

steps were used to generate the best fitting model. 

 

1. Determining the maximum number of groups. 

2. Select the optimal order for each group and run models, starting with one group model until 

maximum number of assigned groups is determined in a stepwise manner. 

3. Finalize the model with the appropriate number of groups that best fits the data. 

 

In this thesis the maximum number of groups was limited to 4 for avoiding small size of 

trajectory groups and for easy understanding of trajectories. It would not be informative to make 

large number of trajectories with a small number of individuals in each group. Secondly, the 

shape of trajectory for each group over times was decided based on the correct order of each 

equation. As per suggestion by Nagin et al., each group should be assigned to a second order at 

the beginning of the analysis and then keep changing till it reaches an optimal order for the best 

model (45).  

 

The PROJ TRAJ function can model up to a fourth order polynomial. We started analysis with 

one group model with quadratic order. Then we ran another models by changing the group from 

quadratic to linear and cubic till we got significant parameters.  
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Four groups were preferred in the models. The reason for opting four groups is to find high 

users of antibiotics, low users and in between both the high users and low users of antibiotics. 

In our analysis GBTM allows for inclusion of time-varying (seasons, prescriptions) and time 

stable (sex) predictors simultaneously to enhance the distribution accuracy and adjust the shape 

of each trajectory group. 

 

The analysis was initially conducted on 10%, 50% and finally 100% of the population. The 

order were run as (1 1 1), (2 2 2), (3 3 3 3), (1 1 2 2) and other combinations of polynomial 

functions for the entire population, population in each birth season and population in each 

gender. Across all distributions, a polynomial function of age determines group membership 

probability and group shape. The polynomial function is not similar across all individuals. 

GBTM assumes that trajectory data can be summarized by a finite number of polynomial 

functions. The possibility exist for each trajectory group to be shown as linear, quadratic or 

cubic polynomial function. As the polynomial number goes up it adds greater complexity to 

group shape. The higher order polynomial function would enhance fit if they genuinely provide 

a better description of data than lower order polynomial. 

 

Goodness-of-fit was evaluated at each step using the Akaike information criterion (AIC) and 

Bayesian information criterion (BIC; smaller the values, better the model). Models that had 

values of AIC and BIC nearer to zero or were more negative compared to other polynomial 

models were selected. The significance of AIC and BIC models is explained in the background 

section. If a particular model has close to zero percentage of population in one of the group, 

then that model was abandoned. The group size lower than 5% were accepted in our analysis 

as the population size is big. Therefore, even below 1% of the group size had more than 1000 

children in that group.   
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og det gis dispensasjon fra taushetsplikt jf. § 35.  
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4. Results 

4.1 GBTM Trajectories for complete dataset with 184012 children. 

 
A total of 184012 children within age group 0-3 years were included. The table 4.1 shows the 

distribution of population in our database based on birth season and gender. The study had more 

males than female population.  

 
Birth season Number Percent 

Winter 45084 24.5 

Spring 51255 27.8 

Summer 48923 26.5 

Autumn 38750 21.0 

Sex Number Percent 

Male 101849 55.3 

Female 82163 44.6 

 
Table 4.1 Number of children born as per birth season and sex 

  

Four group trajectory model with order cubic (3 3 3 3) was selected as best model for our study. 

The conditions for selecting the best fitting model have been explained above. In this 4 group 

model, four distinct patterns of antibiotic prescription collection were observed during the 0-3 

year duration for children. The figure 4.1 shows the output from Stata of our analysis.  The table 

provides us with AIC, BIC values, and group size. 

 

In this 4-group model four distinct pattern of antibiotic prescription collection were apparent 

during the 36 months follow up. They would be very high level (red color curve), high level 

(blue color curve), medium level (orange color curve) and low level (green color curve). 
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Figure 4.1 Output from Stata analysis showing BIC and AIC values. 

 

Trajectories in shown in figure 4.2 identified children in following four categories 

• The maximum antibiotics prescription collection based on group size of 0.7% of total 

population. Around 60% of children in this group collected the prescription at 10 months of age 

(red color curve). 

• In the group representing 1.8% of total population. Around 50% of children in this group 

collected the prescription at 22 months of age (blue color curve). 

• In the group representing 39.7% of total population. Around 18% of children in this 

group collected the prescription at 16 months of age (orange color curve). 

• In the group representing 57.8% of total population. Around 17% of children in this 

group collected the prescription at 24 months of age (green color curve). 

 

The Y-axis represents the proportion of that specific group that got the antibiotic prescription. 

The X-axis represent the duration in months from the birth till 36 months.  
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Figure 4.2 Trajectory models using 4 groups. The monthly predicted probability of antibiotic prescription 

collection in each group is plotted with solid lines. The observed proportion of children in each group that are 

taking antibiotics is plotted with dots.  

 

 
Table: 4.1 Children Characteristic by Trajectory Using a 4-Group Model 

 

 

 Group 1 Group 2 Group 3 Group 4 Total 

Group Size 1.81% 39.66% 57.78% 0.73% 100% 

Female (%) 1227 (44.1%) 31628 (46.9%) 48895 (43.4%) 413 (35.5%) 82163 

Male (%) 1558 (55.9%) 35850 (53.1%) 63691 (56.6%) 750 (64.5%) 101849 

Number of 

Prescription 
27789 185267 304566 13974 531596 

Average 

number of 

prescriptions 

per children 

9.97 2.74 2.70 12.01 2.88 

Number of 

Children 
2785 67478 112586 1163 184012 

Birth season      

Winter (%) 784 (28.2%) 19087 (28.3%) 24959 (22.2%) 254 (21.8%) 45084 

Spring (%) 879 (31.6%) 23419 (34.7%) 26694 (23.7%) 263 (22.6%) 51255 

Summer (%) 713 (25.6%) 16437 (24.4%) 31450 (27.9%) 323 (27.8%) 48923 

Autumn (%) 409 (14.7%) 8535 (12.6%) 29483 (26.2%) 323 (27.8%) 38750 
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As shown in Table 4.1 the average number of prescriptions in groups with highest and lowest 

number of children is around 4 folds.  Total number of prescriptions given to children in our 

dataset is 531596 with average being 2.88 per child. Group 2 and group 3 have highest number 

of children in them and both the groups have average prescription near around 2.7 per child. 

 

The peak for group 2 is highest around 22 months, here the maximum percentage of children 

are born in spring (34.7%). Therefore, the peaks comes around 22nd month after their birth in 

spring season, which would be winter season period. Similarly, the peak for group is highest 

around 15th month, here the maximum percentage of children are born in summer & autumn 

(27.9% & 26.2%). Therefore, the peaks comes around 17 months after their birth in summer 

and autumn, which would be winter season. 
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4.2 Antibiotics prescription collection trajectories as per birth season 

 
The following figure 4.3 compares proportion of antibiotics collected by children born in four 

birth seasons and their pattern of antibiotic using trajectory models based on (2 2 2 3) order. 

The model was selected based on its best fit as per criteria mentioned in method section. 

 

 
Figure 4.3 Trajectory models using 4 groups. The observed proportion of children in each group as per their birth 
season (autumn, spring, summer and winter) that collected antibiotics is plotted with dotted lines. Highest 
proportion (red color curve), high proportion (blue color curve), medium proportion (orange color curve) and low 
proportion (green color curve). 

 

The highest proportion of children taking prescription have group size from (0.8-4.1%) during 

the four seasons. Children born in autumn (September-November) would experience winter at 

(3rd-6th, 15th-18th, 27th-30th) month of age, children born in winter (December-February) would 

experience winter months at (9th-12th, 21st-24th, 33rd-36th) month of age born in the spring 

(March-May) would experience winter months at (8th -10th, 20th-22nd, 32nd-34th) of age, those 

born in summer (June-August) would experience winter at (6th-8th, 18th-20th, 30th-32nd) month 

of age  As per the pseudo birth date Children born on 15 May would be 9 months old on 15 

February and children born on 15 April would be 8 months old on 15 December.   
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• As per trajectories in autumn, group 2 with 62.6% has highest number of children with 

antibiotics prescription after 15 months. Children in group 4 has highest percentage of 

prescriptions at 24th month.  

 

• For spring season the group 2 with 72.3% has highest number of children with 

antibiotics prescription at 10th, 20nd and 32nd   month.  Even, children in group 4 with maximum 

percentage of prescriptions the increase is seen during the 10th, 20nd and 32nd   month. This 

corresponds to the winter cycle experienced by children born in spring. 

 

• For summer season the group 1 with 53.8% has highest number of children with 

antibiotics prescription at 8h, 19th and 29th    month.  Even, children in group 4 with maximum 

percentage of prescriptions the increase is seen during the 10th, 20nd and 32nd   month. This 

corresponds to the winter cycle experienced by children born in summer. 

 

• Children born in winter have two major groups with population of 48.4% and 41.3% 

those in group 1 attain maximum antibiotic usage at 13th and 24th month from the month of 

birth. Whereas, group 4 in winters the highest percentage of children with prescriptions are in 

12th and 24th month. There are two peaks in the group 4 in winters unlike in other seasons. 

 

The following figure 4.4 shows the number of antibiotics prescription collected by age in 

months (0-35) as per birth season. The star indicates when the children born in that respective 

birth season experience winter. 
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Figure 4.4 Number of antibiotics prescriptions collected based by age in month. 

Each birth season has a cyclical order for the collection of antibiotics prescription over three 

years. Children born in the autumn are among the youngest at risk, as they face winter at age of 

2-4 months.  This is shown as the small peak at the very beginning of Figure 4.4, the pattern 

repeats after approximately 12 months. The clear peak for high prescription collection is seen 

at 11-13 months. 
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4.3 Antibiotics prescription collection trajectories as per sex 

 
The following figure 4.5 compares proportion of antibiotics prescription collected by girls and 

boys. The order was run as (2 2 2 3), the model was selected based on its best fit as per criteria 

mentioned in method section. We observe almost similar trajectories for both the genders. The 

male population (55%) is higher than female (45%) population in our dataset. The trajectories 

reflect almost similar size of population in all the four groups.  

 

 
 
Figure 4.5 Trajectory models using 4 groups. The observed proportion of children in each group as per 
gender that took antibiotics prescription is plotted with dotted lines. 
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5. Discussion 

In this thesis, we hypothesized that there should exist some association between trajectories 

obtained from GBTM for total number of prescriptions given in children 0-3 years in Norway. 

In this study, for children factors (birth season & sex), the probability of being in four groups 

with different rate of antibiotic prescription collection was obtained. Using GBTM, our second 

objective of how birth season give different trajectories was achieved. From GBTM, distinct 

pattern of prescription collection pattern were obtained. 

 

5.1 Antibiotic prescriptions for complete dataset with 184012 children. 
 
 
The results demonstrate that children have different groups that follow a pattern of collection 

of antibiotics prescription during the first three years of life. The analysis of dataset reveals that 

there are distinct groups with significant difference in the average number of prescriptions 

collected till the age of 3 years. Group 4 with highest proportion of antibiotics prescriptions has 

1163 children, though the group size in 0.7%. The proportion of children born in winter in group 

4 is lowest among all the groups. As for group 1 has second highest proportion of prescription 

collection and the average prescription collection is 9.97/child. The group 4 in figure 4.2 has 

the highest percentage of boys compared to other groups. The higher proportion of children 

born in winter along with higher proportion of male in same group could be considered as factor 

for higher prescription collection.  A  Danish study found that season of birth effected the 

overall risk of redeemed antibiotic prescriptions (4).  There are studies that identified that male 

gender is at more risk of AOM. A study in Taiwan showed that boys 0-2 years were associated 

with higher recurrent AOM (61). However, some studies have found that there is no gender 

difference between incidence and prevalence of AOM (62).  
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The higher average number of prescriptions in group 4 and group 1 could be due to recurrent 

respiratory tract infection. As per a study conducted on 1089 children till the age of 2 years, the 

10% of children with highest number of annual respiratory illness had a median of 9.6 acute 

respiratory infections per year (63). Assuming no data error, it could be interesting to explore 

why there exist peaks with so high proportion of children taking antibiotics, which children in 

total made up of group 4 in figure 4.2. The group had similar percentage (27.8%) of children 

born in summer and autumn. As for group 1 the most number of children were born in winter 

(28.2%) and spring (31.6%). Therefore, the two groups (1 and 4) with highest average number 

of prescription have no similarity for children born in birth season that should had been same.  

 

A study from Norwegian neonatal medical register recorded early sepsis and exposure to 

antibiotics agents in the first week of life. The study was conducted from 1 January 2009 to 31 

December 2011. It was found that 10,175 (6%) of all preterm infants were hospitalized in the 

first week of life, among them 39% received intravenous antibiotic treatment (64). The 

consequence of this antibiotic treatment in hospital means there is group of children who 

already had high dose of antibiotics in hospital and are probably collecting prescription as a 

follow up to their treatment. These group of children should be identified as they would have 

significant impact on average prescriptions as they are regular users of antibiotics due to some 

illness or treatment. The group 4 with average prescription of 12/child could be having children 

that were earlier admitted to hospital for treatment. 

 

5.2 Antibiotic prescriptions as per birth season 
 
 
Our finding show that compared to other seasons, children born in spring have highest group 

size among those who have collected prescriptions on antibiotics. The group with highest 

proportion of antibiotic prescriptions had their first peak while they experienced the first winter 
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season. For children born in autumn the peak in group 3 was after 5-6 months, those born in 

spring the peak was around 10 months, born in summer the peak was after 8 months and born 

in winter the peak was after 12 months. This can be linked to study conducted in 5 European 

countries that showed that increased intake of antibiotics in higher during winter months is due 

to prescription of antibiotics for treatment of viral infections.  (65). It suggests that antibiotics 

are still used improperly for diseases that are caused by viruses.  

 

5.3 Antibiotic prescriptions as per sex 
 
 
There are no distinct trajectories pattern among male and female children in our GBTM. A 

retrospective cohort study in Italy showed that there is modest gender difference for children 

under the age 24 months for usage of respiratory tract drugs (5). There has been a study that 

showed lower frequency of antibiotics treatment in girls than boys could be attributed to social 

factors. The study was conducted in South Asian countries (8). The same could not be said 

about Norway as there is more even distribution of socioeconomic structure. This could be one 

of the factor we observe similar trajectories for boys and girls. 

 

The GBTM is based on the idea that individual following the same developmental course may 

have peculiar characteristics which differ from other groups and they may follow different 

developmental courses during time. 

 

5.4 Strength of study 

 
The strength of our study is the complete data set with a personal identifier. The use of GBTM 

helped to show the patterns in different trajectories and what characteristic mattered in 

distinguishing differences among children in different groups in regards proportion of 
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antibiotics prescription collection. The data into trajectory groups, GBTM methodology to 

study the antibiotic prescription pattern in children provides a strong statistical tool to 

summarize large data in an easily understandable model. It is assumed that GBTM allows to 

discover hidden groups within the population that follow a different development trajectories. 

We opted months instead of 1 week as it would had generated ample signs on the group making 

it harder to interpret, 3 months interval would had made us loose the information. 

 

The other strength of GBTM for analyzing prescription pattern over time is that it is easily 

understandable graphically and it provides easy and provides tabular data summaries. This 

method takes into account the covariates, missing outcome and patterns within the same model 

(66). GBTM has advantages over other models used to study longitudinal data. It assumes that 

subgroups are part of the population but each group follows independent development pathways 

(47). GBTM are significant for groups that display more variation in prescription collection 

over time.  

 
 
5.5 Limitations 

 
NorPD captures the prescriptions to children in Norway but has less information about 

chronic disease in children. There can be differences in prescription pattern based on 

prescriber practice, geographical healthcare units, and expectations of parents of children 

(67). In the method, we describe how pseudo age is defined as date of prescription minus 

pseudo age of birth here we have margin of error of a maximum of 16 days.  

 

GBTM can group individuals with similar course pattern. This modelling technique does 

not considers within-group variability, the variability of individual trajectory in the same 

course pattern. This would give different results compared to growth mixture modelling 
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and growth curve modelling (56). GBTM depends substantially on the professional 

perception of the investigator. This is particularly regarding the number of trajectories and 

the type of change (linear, cubic etc.) to be defined. Therefore, it is important to evaluate 

the existing literature on the variable (antibiotic prescription for this study) to understand 

the pattern they currently follow. Further, there was no information regarding the quantity 

of antibiotics prescribed in the prescription. The packet size of antibiotics could be with 

10, 20, 30 or more doses.  Therefore, children that receive high number of doses to be taken 

for longer duration would have less prescriptions compared to those who receive less doses 

for similar illness, they would be required to collect new prescription for more doses. To 

explain more about the antibiotic prescription collection several prescriber and patient 

variable could be included.   

 

We should also have information if the child had received any treatment in the hospital 

during newborn period. It could be that these children are high collectors of antibiotic 

prescription. It might be useful to be able to map children with high or low risk of asthma 

or other chronic diseases that might affect use of antibiotics before prescribing antibiotics. 

The prescription registry data could have more information on confounding factors that 

might be relevant to antibiotic prescription. The confounding factors could be method of 

delivery (normal or caesarean), siblings, passive smoking, socio economic factors, pre-

pregnancy BMI. The anatomical therapeutic classification (ATC) codes could had been 

also taken into account as confounding factors. It may be argued that our description of 

antibiotic use applies to a setting that is somewhat unusual. 

 

NorPD captures all dispensation of antibiotics from pharmacies to individuals. Data is 

considered valid and electronic records of prescription is required by law (57). Register data is 
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not affected by information and recall bias due to self-reporting of the drug use. However, as 

per the Norwegian medicine act 17 doctors can be given permission by Ministry to deliver 

medicines and other nursing items for fees if access to a pharmacy is cumbersome. It happens 

only with patients being far from pharmacies (60).  

 

It constitutes a small proportion and would not affect our estimates. Children have high 

prevalence of antibiotic users, and it is important to map the effect or lack of effect of measures 

related to prescribing in this age group. The proportion of registration with pseudo national ID 

number was highest during the early study period of 2004 to 2007. The problem with NorPD 

data is that we cannot be really sure if the collection of antibiotics from pharmacy actually 

consumed by children at home. We cannot validate if the dispensed antibiotics are used 

appropriately or inappropriately.  
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6. Conclusion 

In this thesis we used GBTM to address the prescription patterns of antibiotics among children.  

It does so by defining trajectory groups based on number of prescriptions and time from birth 

to collection of prescriptions. This method as per best of my knowledge has not been used for 

antibiotics prescription in children 0-3 year age in other studies. Also, further studies to qualify 

the way to use other variables and clarify the accuracy of the dataset and needed to determine 

how the children should be accurately grouped to test which factors are associated with specific 

groups. Our results do not suggest marked differences among children born in birth seasons and 

the association of to the trajectories showing proportion of antibiotics prescription collected. 

 

Future, research on trajectory modeling should focus on inclusion of other factors that might 

possibly be affecting the outcome. There could be differences in prescription pattern for 

children based on the geographical location in Norway. For example, a Norwegian study found 

that residents in municipality with high consultation rates received 42% more prescription for 

RTIs compared to area with low consultation rates. The study included all municipalities with 

more than 5000 residents in 2014 (68). This factor could be considered for future studies in 

children. 

 

 

 

 

 

 

 

 



44 
 

References 
 
1. Benko, R., Matuz, M., Silva, A., Ferreira, J., Machado, M.C., Furtado, C., Fungie Galistiani, 
G., Bordas, R. and Blix, H.S., 2019. Cross‐national comparison of paediatric antibiotic use in 
Norway, Portugal and Hungary. Basic & clinical pharmacology & toxicology, 124(6), pp.722-
729. 
 
2. Martinez, E.P., Cepeda, M., Jovanoska, M., Bramer, W.M., Schoufour, J., Glisic, M., 
Verbon, A. and Franco, O.H., 2019. Seasonality of antimicrobial resistance rates in respiratory 
bacteria: A systematic review and meta-analysis. PloS one, 14(8). 
  
3. Carlsson, C.J., Vissing, N.H., Sevelsted, A., Johnston, S.L., Bønnelykke, K. and Bisgaard, 
H., 2015. Duration of wheezy episodes in early childhood is independent of the microbial 
trigger. Journal of Allergy and Clinical Immunology, 136(5), pp.1208-1214. 
 
4.   Kinlaw, A.C., Stürmer, T., Lund, J.L., Pedersen, L., Kappelman, M.D., Daniels, J.L., 
Frøslev, T., Mack, C.D. and Sørensen, H.T., 2017. Trends in antibiotic use by birth season 
and birth year. Pediatrics, 140(3), p.e20170441. 
 
5. Ferrajolo, C., Sultana, J., Ientile, V., Scavone, C., Scondotto, G., Tari, M., Trifirò, G., Rossi, 
F. and Capuano, A., 2019. Gender differences in outpatient pediatric drug utilization: a cohort 
study from Southern Italy. Frontiers in pharmacology, 10, p.11 
 
6. Bourgeois, F.T., Murthy, S., Pinto, C., Olson, K.L., Ioannidis, J.P. and Mandl, K.D., 2012. 
Pediatric versus adult drug trials for conditions with high pediatric disease 
burden. Pediatrics, 130(2), pp.285-292. 
 
7. Scarafile, G., 2016. Antibiotic resistance: current issues and future strategies. Reviews in 
Health Care, 7(1), pp.3-16. 

 
8. Rogawski, E.T., Platts-Mills, J.A., Seidman, J.C., John, S., Mahfuz, M., Ulak, M., Shrestha, 
S.K., Soofi, S.B., Yori, P.P., Mduma, E. and Svensen, E., 2017. Use of antibiotics in children 
younger than two years in eight countries: a prospective cohort study. Bulletin of the World 
Health Organization, 95(1), p.49. 

 
9. Palin, V., Mölter, A., Belmonte, M., Ashcroft, D.M., White, A., Welfare, W. and van Staa, 
T., 2019. Antibiotic prescribing for common infections in UK general practice: variability and 
drivers. Journal of Antimicrobial Chemotherapy, 74(8), pp.2440-2450 
 
10. Simon, A., Tenenbaum, T. and Huppertz, H., 2016. Atemwegsinfektionen bei Kindern: 
Wann Antibiotika indiziert sind–und wann nicht. Dtsch Arztebl, 113(21), p.14 
 
11. Regev-Yochay, G., Raz, M., Dagan, R., Roizin, H., Morag, B., Hetman, S., Ringel, S., Ben-
Israel, N., Varon, M., Somekh, E. and Rubinstein, E., 2011. Reduction in antibiotic use 
following a cluster randomized controlled multifaceted intervention: the Israeli judicious 
antibiotic prescription study. Clinical infectious diseases, 53(1), pp.33-41 
 
12.Døllner H. Infeksjoner hos barn. Antibiotikabruk i primærhelsetjenesten: 
Antibiotikasenteret for primærmedisin.; [oppdatert 15.11.16; lest 13.08.18]. Tilgjengelig. 



45 
 

fra: http://www.antibiotikaiallmennpraksis.no/index.php?action=showtopic&topic=vjdQu Fd
N 
 
13. Venekamp, R.P., Sanders, S.L., Glasziou, P.P., Del Mar, C.B. and Rovers, M.M., 2015. 
Antibiotics for acute otitis media in children. Cochrane database of systematic reviews, (6 
 
14. Fossum, G.H., Lindbæk, M., Gjelstad, S., Dalen, I. and Kværner, K.J., 2013. Are children 
carrying the burden of broad-spectrum antibiotics in general practice? Prescription pattern for 
paediatric outpatients with respiratory tract infections in Norway. BMJ open, 3(1), p.e002285 
 
15. Folkehelseinstituttet. Statistikk fra Folkehelseinstituttet, Sykdomspulsen - Overvaking av 
luftvegsinfeksjonar, månadsrapport Oslo: FHI; 2018 [lest 21.01.19]. Tilgjengelig 
fra: https://www.fhi.no/hn/statistikk/sykdomspulsen/luftvegar/. 
 
 16. Basmaci, R., Vazouras, K., Bielicki, J., Folgori, L., Hsia, Y., Zaoutis, T. and Sharland, M., 
2017. Urinary tract infection antibiotic trial study design: a systematic 
review. Pediatrics, 140(6). 
 
17. Andrew, W., 2007. Urinary tract infection in children diagnosis, treatment and long term 
management. National Collaborating Centre for women’s and Children’s Health Clinical 
Guideline, 20. 
 
18. Schlager, T.A., 2017. Urinary tract infections in infants and children. Urinary Tract 
Infections: Molecular Pathogenesis and Clinical Management, pp.69-77. 
 
19. Klingenberg, C., Småbrekke, L., Døllner, H. and Simonsen, G.S., 2009. Oral antibiotic 
treatment of urinary tract infections in children. Tidsskrift for den Norske laegeforening: 
tidsskrift for praktisk medicin, ny raekke, 129(13), pp.1342-1344. 
 
20.  D’Atri, F., Arthur, J., Blix, H.S., Hicks, L.A., Plachouras, D. and Monnet, D.L., 2019. 
Targets for the reduction of antibiotic use in humans in the Transatlantic Taskforce on 
Antimicrobial Resistance (TATFAR) partner countries. Eurosurveillance, 24(28). 
 
21. Wettermark B, Zoega H, Furu K, Korhonen M, Hallas J, Norgaard M, et al. The Nordic 
prescription databases as a resource for pharmacoepidemiological research--a literature review. 
Pharmacoepidemiology and drug safety. 2013;22(7):691-9 
 
22. Furu K, Hjellvik V, Hartz I, Karlstad Ø, Skurtveit S, Blix HS, et al. Legemiddelbruk hos 
barn og unge i Norge 2008-2017. [Use of prescription drugs in children and adolescents in 
Norway 2007-2016]. Rapport 2018. Oslo: Folkehelseinstituttet; 2018 
 
23. World Health Organization. Global Action Plan on Antimicrobial Resistance. 2015. 
 
24. Laxminarayan R, Duse A, Wattal C, Zaidi AK, Wertheim HF, Sumpradit N, et al. Antibiotic 
resistance-the need for global solutions. Lancet Infect Dis. 2013;13(12):1057- 98. 

 
25. European Centre for Disease Prevention and Control. Surveillance of antimicrobial 
resistance in Europe 2016. Annual Report of the European Antimicrobial Resistance 
Surveillance Network. EARS-Net. 978-92-9498-099-1. Tilgjengelig fra: 
https://ecdc.europa.eu/sites/portal/files/documents/AMR-surveillance-Europe2016.pdf 

file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C15.%20Folkehelseinstituttet.%20Statistikk%20fra%20Folkehelseinstituttet,%20Sykdomspulsen%20-%20Overvaking%20av%20luftvegsinfeksjonar,%20m%C3%A5nadsrapport%20Oslo:%20FHI;%202018%20%5blest%2021.01.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Chn%5Cstatistikk%5Csykdomspulsen%5Cluftvegar%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C15.%20Folkehelseinstituttet.%20Statistikk%20fra%20Folkehelseinstituttet,%20Sykdomspulsen%20-%20Overvaking%20av%20luftvegsinfeksjonar,%20m%C3%A5nadsrapport%20Oslo:%20FHI;%202018%20%5blest%2021.01.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Chn%5Cstatistikk%5Csykdomspulsen%5Cluftvegar%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C15.%20Folkehelseinstituttet.%20Statistikk%20fra%20Folkehelseinstituttet,%20Sykdomspulsen%20-%20Overvaking%20av%20luftvegsinfeksjonar,%20m%C3%A5nadsrapport%20Oslo:%20FHI;%202018%20%5blest%2021.01.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Chn%5Cstatistikk%5Csykdomspulsen%5Cluftvegar%5C
https://ecdc.europa.eu/sites/portal/files/documents/AMR-surveillance-Europe2016.pdf


46 
 

 
26. Steinbakk M, Sunde M, Urdahl AM, Barkbu KN, Sørum H, Lunestad B-T, et al. 
Antibiotikaresistens: Kunnskapshull, utfordringer og aktuelle tiltak. Rapport fra tverrsektoriell 
 
27. Størdal K, Mårild K, Blix HS. Bruk av antibiotika hos barn i perioden 2005-16. Tidsskr Nor 
Legeforen. 2017;137(18). 
 
28. Korpela K, Salonen A, Virta LJ, Kekkonen RA, Forslund K, Bork P, et al. Intestinal 
microbiome is related to lifetime antibiotic use in Finnish pre-school children. Nat Commun. 
2016;7:10410 
 
29. Wimberley, T., Agerbo, E., Pedersen, C.B., Dalsgaard, S., Horsdal, H.T., Mortensen, P.B., 
Thompson, W.K., Köhler‐Forsberg, O. and Yolken, R.H., 2018. Otitis media, antibiotics, and 
risk of autism spectrum disorder. Autism Research, 11(10), pp.1432-1440. 
 
30. Yamamoto-Hanada, K., Yang, L., Narita, M., Saito, H. and Ohya, Y., 2017. Influence of 
antibiotic use in early childhood on asthma and allergic diseases at age 5. Annals of Allergy, 
Asthma & Immunology, 119(1), pp.54-58 
 
 31. Foliaki, S., Pearce, N., Björkstén, B., Mallol, J., Montefort, S., Von Mutius, E., of Asthma, 
I.S. and Allergies in Childhood Phase III Study Group, 2009. Antibiotic use in infancy and 
symptoms of asthma, rhinoconjunctivitis, and eczema in children 6 and 7 years old: 
International Study of Asthma and Allergies in Childhood Phase III. Journal of Allergy and 
Clinical Immunology, 124(5), pp.982-989. 
 
32. Miller, S.A., Wu, R.K.S. and Oremus, M., 2018. The association between antibiotic use in 
infancy and childhood overweight or obesity: a systematic review and meta‐analysis. Obesity 
Reviews, 19(11), pp.1463-1475. 
 
 33. Folkehelseinstituttet. Mycoplasma pneumoniae-infeksjoner - veileder for helsepersonel 
Oslo: FHI; 2010 [oppdatert 19.04.2017; lest 03.12.18].                   Tilgjengelig 
fra: https://www.fhi.no/nettpub/smittevernveilederen/sykdommer-a-
a/mycoplasmapneumoniae-infeksjoner--/. 
 
34.  Folkehelseinstituttet. Sesonginfluensa Oslo: FHI; 2018/19 [oppdatert ukentlig; lest 
06.01.19]. Tilgjengelig fra: https://www.fhi.no/sv/influensa/sesonginfluensa/. 
 
 35. Folkehelseinstituttet. Pneumokokkvaksine - veileder for helsepersonell Oslo: FHI; 
[oppdatert 11.12.2017; lest 19.03.19]. Tilgjengelig 
fra: https://www.fhi.no/nettpub/vaksinasjonsveilederen-for-helsepersonell/vaksiner-motde-
enkelte-sykdommene/pneumokokkvaksinasjon---veileder-fo/. 

 
36.  Berild D, Digranes A, Hjortdahl P, Von der Lippe E, Melby H, Ringertz S. Smittevernloven 
- Håndbok: antibiotikabehandling i allmennpraksis. Oslo: Statens helsetilsyn; 2000. 
Tilgjengelig fra: https://urn.nb.no/URN:NBN:nonb_digibok_2008100104041 
 
37. Helsedirektoratet i samarbeid med Antibiotikasenteret for Primærmedisin. Nasjonal faglig 
retningslinje for antibiotikabruk i primærhelsetjenesten: Helsedirektoratet,; 2012 [lest 
01.05.19]. Tilgjengelig fra: https://helsedirektoratet.no/retningslinjer/nasjonal-faglig-
retningslinje-forantibiotikabruk-i-primerhelsetjenesten. 

file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A033.%20Folkehelseinstituttet.%20Mycoplasma%20pneumoniae-infeksjoner%20-%20veileder%20for%20helsepersonel%20Oslo:%20FHI;%202010%20%5boppdatert%2019.04.2017;%20lest%2003.12.18%5d.%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Csmittevernveilederen%5Csykdommer-a-a%5Cmycoplasmapneumoniae-infeksjoner--%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A033.%20Folkehelseinstituttet.%20Mycoplasma%20pneumoniae-infeksjoner%20-%20veileder%20for%20helsepersonel%20Oslo:%20FHI;%202010%20%5boppdatert%2019.04.2017;%20lest%2003.12.18%5d.%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Csmittevernveilederen%5Csykdommer-a-a%5Cmycoplasmapneumoniae-infeksjoner--%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A033.%20Folkehelseinstituttet.%20Mycoplasma%20pneumoniae-infeksjoner%20-%20veileder%20for%20helsepersonel%20Oslo:%20FHI;%202010%20%5boppdatert%2019.04.2017;%20lest%2003.12.18%5d.%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Csmittevernveilederen%5Csykdommer-a-a%5Cmycoplasmapneumoniae-infeksjoner--%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A033.%20Folkehelseinstituttet.%20Mycoplasma%20pneumoniae-infeksjoner%20-%20veileder%20for%20helsepersonel%20Oslo:%20FHI;%202010%20%5boppdatert%2019.04.2017;%20lest%2003.12.18%5d.%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Csmittevernveilederen%5Csykdommer-a-a%5Cmycoplasmapneumoniae-infeksjoner--%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CFolkehelseinstituttet.%20Sesonginfluensa%20Oslo:%20FHI;%202018%5C19%20%5boppdatert%20ukentlig;%20lest%2006.01.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Csv%5Cinfluensa%5Csesonginfluensa%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CFolkehelseinstituttet.%20Sesonginfluensa%20Oslo:%20FHI;%202018%5C19%20%5boppdatert%20ukentlig;%20lest%2006.01.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Csv%5Cinfluensa%5Csesonginfluensa%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A035.%20Folkehelseinstituttet.%20Pneumokokkvaksine%20-%20veileder%20for%20helsepersonell%20Oslo:%20FHI;%20%5boppdatert%2011.12.2017;%20lest%2019.03.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Cvaksinasjonsveilederen-for-helsepersonell%5Cvaksiner-motde-enkelte-sykdommene%5Cpneumokokkvaksinasjon---veileder-fo%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A035.%20Folkehelseinstituttet.%20Pneumokokkvaksine%20-%20veileder%20for%20helsepersonell%20Oslo:%20FHI;%20%5boppdatert%2011.12.2017;%20lest%2019.03.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Cvaksinasjonsveilederen-for-helsepersonell%5Cvaksiner-motde-enkelte-sykdommene%5Cpneumokokkvaksinasjon---veileder-fo%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A035.%20Folkehelseinstituttet.%20Pneumokokkvaksine%20-%20veileder%20for%20helsepersonell%20Oslo:%20FHI;%20%5boppdatert%2011.12.2017;%20lest%2019.03.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Cvaksinasjonsveilederen-for-helsepersonell%5Cvaksiner-motde-enkelte-sykdommene%5Cpneumokokkvaksinasjon---veileder-fo%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C%C2%A035.%20Folkehelseinstituttet.%20Pneumokokkvaksine%20-%20veileder%20for%20helsepersonell%20Oslo:%20FHI;%20%5boppdatert%2011.12.2017;%20lest%2019.03.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Cwww.fhi.no%5Cnettpub%5Cvaksinasjonsveilederen-for-helsepersonell%5Cvaksiner-motde-enkelte-sykdommene%5Cpneumokokkvaksinasjon---veileder-fo%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CBerild%20D,%20Digranes%20A,%20Hjortdahl%20P,%20Von%20der%20Lippe%20E,%20Melby%20H,%20Ringertz%20S.%20Smittevernloven%20-%20H%C3%A5ndbok:%20antibiotikabehandling%20i%20allmennpraksis.%20Oslo:%20Statens%20helsetilsyn;%202000.%20Tilgjengelig%20fra:%C2%A0https:%5Curn.nb.no%5CURN:NBN:nonb_digibok_2008100104041
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CBerild%20D,%20Digranes%20A,%20Hjortdahl%20P,%20Von%20der%20Lippe%20E,%20Melby%20H,%20Ringertz%20S.%20Smittevernloven%20-%20H%C3%A5ndbok:%20antibiotikabehandling%20i%20allmennpraksis.%20Oslo:%20Statens%20helsetilsyn;%202000.%20Tilgjengelig%20fra:%C2%A0https:%5Curn.nb.no%5CURN:NBN:nonb_digibok_2008100104041
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CBerild%20D,%20Digranes%20A,%20Hjortdahl%20P,%20Von%20der%20Lippe%20E,%20Melby%20H,%20Ringertz%20S.%20Smittevernloven%20-%20H%C3%A5ndbok:%20antibiotikabehandling%20i%20allmennpraksis.%20Oslo:%20Statens%20helsetilsyn;%202000.%20Tilgjengelig%20fra:%C2%A0https:%5Curn.nb.no%5CURN:NBN:nonb_digibok_2008100104041
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C37.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C37.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C37.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C37.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.


47 
 

 
38. Helsedirektoratet i samarbeid med Antibiotikasenteret for Primærmedisin. Nasjonal faglig 
retningslinje for antibiotikabruk i primærhelsetjenesten: Helsedirektoratet,; 2012 [lest 
01.05.19]. Tilgjengelig fra: https://helsedirektoratet.no/retningslinjer/nasjonal-faglig-
retningslinje-forantibiotikabruk-i-primerhelsetjenesten. 
 
39. Elander S. Laboratorieovervåking av virale infeksjoner, Klamydia og Mycoplasma 
pneumoniae infeksjoner. Oslo: Folkehelseinstituttet,; [lest 07.12.18]. Tilgjengelig 
fra: http://lab.fhi.no/. 
 
40. Magnus MC, Vestrheim DF, Nystad W, Haberg SE, Stigum H, London SJ, et al. Decline 
in early childhood respiratory tract infections in the Norwegian mother and child cohort study 
after introduction of pneumococcal conjugate vaccination. Pediatr Infect Dis J. 
2012;31(9):951-5 
 
41.Lindbæk M. Antibiotikabruk i primærhelsetjenesten: "Om retningslinjene": 
Antibiotikasenteret for primærmedisin; [oppdatert 15.11.16; lest 15.12.18]. Tilgjengelig fra: 
http://www.antibiotikaiallmennpraksis.no. 
  
 42. Elmer, J., Jones, B.L. and Nagin, D.S., 2018. Using the Beta distribution in group-based 
trajectory models. BMC medical research methodology, 18(1), pp.1-5. 
  
43. Van Ryzin, M.J., Chatham, M., Kryzer, E., Kertes, D.A. and Gunnar, M.R., 2009. 
Identifying atypical cortisol patterns in young children: the benefits of group-based trajectory 
modeling. Psychoneuroendocrinology, 34(1), pp.50-61 
  
44. Wojciechowski, T.W., 2020. PTSD as a risk factor for the development of violence among 
juvenile offenders: A group-based trajectory modeling approach. Journal of interpersonal 
violence, 35(13-14), pp.2511-2535 
  
 45. Andrade, S.E., Kahler, K.H., Frech, F. and Chan, K.A., 2006. Methods for evaluation of 
medication adherence and persistence using automated databases. Pharmacoepidemiology 
and drug safety, 15(8), pp.565-574. 
  
46. Franklin, J.M., Shrank, W.H., Pakes, J., Sanfélix-Gimeno, G., Matlin, O.S., Brennan, T.A. 
and Choudhry, N.K., 2013. Group-based trajectory models: a new approach to classifying and 
predicting long-term medication adherence. Medical care, pp.789-796. 
  
 47. Nagin, D.S. and NAGIN, D., 2005. Group-based modeling of development. Harvard 
University Press. pp20-22 
  
48. Manne, S.L., Myers‐Virtue, S., Kissane, D., Ozga, M.L., Kashy, D.A., Rubin, S.C., 
Rosenblum, N.G. and Heckman, C.J., 2017. Group‐based trajectory modeling of fear of 
disease recurrence among women recently diagnosed with gynecological cancers. Psycho‐
oncology, 26(11), pp.1799-1809. 
 
49. Savard, J. and Ivers, H., 2013. The evolution of fear of cancer recurrence during the cancer 
care trajectory and its relationship with cancer characteristics. Journal of Psychosomatic 
Research, 74(4), pp.354-360. 
  

file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C38.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C38.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C38.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5C38.%20Helsedirektoratet%20i%20samarbeid%20med%20Antibiotikasenteret%20for%20Prim%C3%A6rmedisin.%20Nasjonal%20faglig%20retningslinje%20for%20antibiotikabruk%20i%20prim%C3%A6rhelsetjenesten:%20Helsedirektoratet,;%202012%20%5blest%2001.05.19%5d.%20Tilgjengelig%20fra:%C2%A0https:%5Chelsedirektoratet.no%5Cretningslinjer%5Cnasjonal-faglig-retningslinje-forantibiotikabruk-i-primerhelsetjenesten.
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CElander%20S.%20Laboratorieoverv%C3%A5king%20av%20virale%20infeksjoner,%20Klamydia%20og%20Mycoplasma%20pneumoniae%20infeksjoner.%20Oslo:%20Folkehelseinstituttet,;%20%5blest%2007.12.18%5d.%20Tilgjengelig%20fra:%C2%A0http:%5Clab.fhi.no%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CElander%20S.%20Laboratorieoverv%C3%A5king%20av%20virale%20infeksjoner,%20Klamydia%20og%20Mycoplasma%20pneumoniae%20infeksjoner.%20Oslo:%20Folkehelseinstituttet,;%20%5blest%2007.12.18%5d.%20Tilgjengelig%20fra:%C2%A0http:%5Clab.fhi.no%5C
file:///C:%5CUsers%5Cguest%5CAppData%5CLocal%5CPackages%5Cmicrosoft.windowscommunicationsapps_8wekyb3d8bbwe%5CLocalState%5CFiles%5CS0%5C1950%5CAttachments%5CElander%20S.%20Laboratorieoverv%C3%A5king%20av%20virale%20infeksjoner,%20Klamydia%20og%20Mycoplasma%20pneumoniae%20infeksjoner.%20Oslo:%20Folkehelseinstituttet,;%20%5blest%2007.12.18%5d.%20Tilgjengelig%20fra:%C2%A0http:%5Clab.fhi.no%5C
http://www.antibiotikaiallmennpraksis.no/


48 
 

50. Dillon, P., Stewart, D., Smith, S.M., Gallagher, P. and Cousins, G., 2018. Group‐based 
trajectory models: assessing adherence to antihypertensive medication in older adults in a 
community pharmacy setting. Clinical Pharmacology & Therapeutics, 103(6), pp.1052-1060. 
  
51. Nagin, D.S., Jones, B.L., Passos, V.L. and Tremblay, R.E., 2018. Group-based multi-
trajectory modeling. Statistical Methods in Medical Research, 27(7), pp.2015-2023. 
  
52. Jones, B.L. and Nagin, D.S., 2013. A note on a Stata plugin for estimating group-based 
trajectory models. Sociological Methods & Research, 42(4), pp.608-613. 
  
 53.  Li, Y., Zhou, H., Cai, B., Kahler, K.H., Tian, H., Gabriel, S. and Arcona, S., 2014. Group-
based trajectory modeling to assess adherence to biologics among patients with 
psoriasis. ClinicoEconomics and Outcomes Research: CEOR, 6, p.197. 
  
54. Lo-Ciganic, W.H., Donohue, J.M., Jones, B.L., Perera, S., Thorpe, J.M., Thorpe, C.T., 
Marcum, Z.A. and Gellad, W.F., 2016. Trajectories of diabetes medication adherence and 
hospitalization risk: a retrospective cohort study in a large state Medicaid program. Journal of 
general internal medicine, 31(9), pp.1052-1060. 
 
55. Greenley, R.N., Karazsia, B., Schurman, J.V., Gumidyala, A.P., Nguyen, E.U., 
Thomason, M.M., Walter, J.G., Noe, J., Werlin, S. and Kahn, S.A., 2015. Trajectories of oral 
medication adherence in youth with inflammatory bowel disease. Health Psychology, 34(5), 
p.514. 
  
56. Nagin, D.S. and Odgers, C.L., 2010. Group-based trajectory modeling in clinical 
research. Annual review of clinical psychology, 6, pp.109-138. 
  
57. Furu, K., 2008. Establishment of the nationwide Norwegian Prescription Database 
(NorPD)--new opportunities for research in pharmacoepidemiology in Norway. Norsk 
epidemiologi, 18(2). 
  
58. Jones, B.L., Nagin, D.S. and Roeder, K., 2001. A SAS procedure based on mixture models 
for estimating developmental trajectories. Sociological methods & research, 29(3), pp.374-
393. 
  
59. Jones, B.L. and Nagin, D.S., 2007. Advances in group-based trajectory modeling and an 
SAS procedure for estimating them. Sociological methods & research, 35(4), pp.542-571. 
 
60.lovdata.no. 2018. Medicines Act 17. [ONLINE] Available 
at: https://lovdata.no/dokument/NL/lov/1992-12-04-132#KAPITTEL_6. [Accessed 18 
November 2020]. 
 
61. Wang, P.C., Chang, Y.H., Chuang, L.J., Su, H.F. and Li, C.Y., 2011. Incidence and 
recurrence of acute otitis media in Taiwan's pediatric population. Clinics, 66(3), pp.395-399. 
 
62. Kværner, K.J., Nafstad, P., Hagen, J.A., Mair, I.W. and Jaakkola, J.J., 1997. Recurrent 
acute otitis media: the significance of age at onset. Acta oto-laryngologica, 117(4), pp.578-
584. 

 
63. Toivonen, L., Karppinen, S., Schuez-Havupalo, L., Teros-Jaakkola, T., Vuononvirta, J., 

https://lovdata.no/dokument/NL/lov/1992-12-04-132#KAPITTEL_6


49 
 

Mertsola, J., He, Q., Waris, M. and Peltola, V., 2016. Burden of recurrent respiratory tract 
infections in children. The Pediatric infectious disease journal, 35(12), pp.e362-e369. 
 
64. Fjalstad, J.W., Stensvold, H.J., Bergseng, H., Simonsen, G.S., Salvesen, B., Rønnestad, 
A.E. and Klingenberg, C., 2016. Early-onset sepsis and antibiotic exposure in term infants: a 
nationwide population-based study in Norway. The Pediatric infectious disease 
journal, 35(1), pp.1-6. 
 
65. Holstiege, J., Schink, T., Molokhia, M., Mazzaglia, G., Innocenti, F., Oteri, A., Bezemer, 
I., Poluzzi, E., Puccini, A., Ulrichsen, S.P. and Sturkenboom, M.C., 2014. Systemic antibiotic 
prescribing to paediatric outpatients in 5 European countries: a population-based cohort 
study. BMC pediatrics, 14(1), p.174. 
 
66. Haviland, A.M., Jones, B.L. and Nagin, D.S., 2011. Group-based trajectory modeling 
extended to account for nonrandom participant attrition. Sociological Methods & 
Research, 40(2), pp.367-390. 
 
67. Haugen, P., Simonsen, G.S., Primicerio, R., Furberg, A.S. and Småbrekke, L., 2018. 
Antibiotics to outpatients in Norway—Assessing effect of latitude and municipality 
population size using quantile regression in a cross‐sectional study. Pharmaceutical 
statistics, 17(1), pp.4-11. 
 
68. Walle-Hansen, M.M. and Høye, S., 2018. Geographic Variation in Antibiotic 
Consumption—Is It Due to Doctors’ Prescribing or Patients’ Consulting?. Antibiotics, 7(1), 
p.26. 
 
 
 


	Abstract
	Abbreviations
	1 Background
	1.1 Antibiotics and Children
	1.2 Epidemiology of RTIs and UTIs
	1.3 Antibiotics Prescriptions in Norwegian Children
	1.4 Method for investigating Antibiotics consumption pattern

	2. Objectives
	2.1 Hypothesis

	3. Material and Method
	3.1 Data Material
	3.2 Method
	3.2.1 Study Design
	3.2.2 Study Population
	3.2.3 Variables and definition
	3.2.4 Software Used
	3.2.5 Syntax
	3.2.6 Model Selection

	3.3 Permissions
	4. Results
	4.1 GBTM Trajectories for complete dataset with 184012 children.
	4.2 Antibiotics prescription collection trajectories as per birth season
	4.3 Antibiotics prescription collection trajectories as per sex

	5. Discussion
	5.1 Antibiotic prescriptions for complete dataset with 184012 children.
	5.2 Antibiotic prescriptions as per birth season
	5.3 Antibiotic prescriptions as per sex
	5.4 Strength of study
	5.5 Limitations

	6. Conclusion

