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POPULAR SCIENCE SUMMARY OF THE THESIS 
Trauma is a major cause of mortality and morbidity and the leading cause of death in Sweden 
for individuals under 45 years of age. The young age of this patient group causes significant 
losses to society in terms of lives, disability and costs. In trauma research, mortality has been 
the most common endpoint, while on the contrary long-term morbidity is not fully 
investigated and sometimes hard to measure. The Swedish national demographic and health 
registries with detailed information and minimal loss to follow-up provide invaluable 
resources for epidemiological research. Combining this information with a large trauma 
registry or data from the Swedish Intensive Care Registry yield internationally unique 
datasets for short and long-term studies of outcomes. 

In the first study sick leave functioned as a proxy for long-term morbidity and the extent of, 
and risk factors for prolonged sick leave after trauma were investigated. Compared with a 
control group, trauma patients had more sick leave both before and after trauma. High age, 
low level of education, psychiatric disease, serious injury and staying longer in the hospital 
were among the factors associated with more sick leave one year after trauma. In the second 
study, two separate prediction models were developed to predict sustained morbidity 
measured as sick leave after trauma. Factors related both to the trauma per se as well as host 
factors were important predictors for long-term sick leave. 

Both trauma patients and patients admitted to critical care often experience pain in response 
to injuries or as a result of their treatment. Opioids are part of the first-line treatment for 
moderate to severe pain, but some patients become dependent on opioids after discharge. In 
the third and fourth study, opioid use before and after trauma and intensive care were 
investigated. Trauma patients used more opioids compared to controls and among patients 
admitted to critical care, opioid use was substantial both before and after admission. Risk 
factors for chronic opioid use included high age, pre-existing medical conditions and pre-
injury opioid use. In the trauma cohort, injury severity also influenced post-injury opioid use 
and among patients admitted to critical care the duration of critical care was important. In 
both groups long-term opioid usage was associated with an increased risk of mortality. 

To conclude, both injury and non-injury related factors impact long-term morbidity after 
trauma and sick leave might be used as a proxy for post-trauma morbidity. Prediction models 
may identify groups of patients at risk of sick leave following trauma and helpful when 
allocating resources for rehabilitation. Furthermore, chronic opioid use is substantial both 
before and after trauma and intensive care and is associated with an increased risk of death. 

  



POPULÄRVETENSKAPLIG SAMMANFATTNING 
Trauma är en vanlig orsak till död och sjuklighet och är den vanligaste dödsorsaken i Sverige 
för personer under 45 år. Den unga åldern för den här patientgruppen leder till omfattande 
skador både för individen och för samhället i stort i form av exempelvis förlorade liv, 
kvarvarande långtidssjuklighet och stora kostnader. Många tidigare studier har tittat på död 
som utfallsmått, men långtidssjuklighet är bristfälligt undersökt, svårt att mäta och 
kvantifiera. De svenska hälsoregistren innehåller högupplöst och detaljerad information och 
är bra verktyg för epidemiologiska studier inom det här fältet. Att kombinera information från 
nationella register med antingen ett lokalt traumaregister eller med ett nationellt 
intensivvårdsregister skapar bra underlag för att genomföra studier om exempelvis 
långtidssjuklighet för den här patientgruppen.  

I den första studien användes sjukskrivning som ett alternativt sätt att mäta långtidssjuklighet 
efter trauma. Traumapatienter var mer sjukskrivna jämfört med en kontrollgrupp både före 
och efter skadetillfället. Hög ålder, låg utbildningsnivå, psykisk sjukdom, svåra skador och 
längre tid på sjukhus var alla faktorer som var associerade med heltidssjukskrivning ett år 
efter trauma. I den andra studien utvecklades två olika prediktionsmodeller som användes för 
att predicera långtidssjuklighet uttryckt som sjukskrivning. Både faktorer relaterade direkt till 
traumat och bakgrundsfaktorer som till exempel utbildningsnivå var viktiga prediktorer för 
höga sjukskrivningstal. 

Patienter som vårdas för skador orsakade av trauma eller som är inlagda på en 
intensivvårdsavdelning upplever ofta smärta på grund av deras skador eller som ett resultat av 
den behandling de genomgår. Opioider används ofta för behandling av smärta, men en del 
patienter fortsätter att använda de här läkemedlen under lång tid och blir beroende av dem. 
Hur vanligt långtidsbruk av opioider efter trauma och intensivvård är har inte studerats i 
någon större omfattning, inte heller de faktorer som bidrar till detta bruk. I den tredje och 
fjärde studien undersöktes opioidanvändning före och efter trauma och intensivvård. 
Traumapatienter använde mer opioider jämfört med en kontrollgrupp både före och efter 
trauma och bland patienter som skrevs in på en intensivvårdsavdelning var 
opioidanvändningen också betydande både före och efter vårdtillfället. Riskfaktorer för 
kronisk användning av opioider inkluderade i båda studierna hög ålder, samsjuklighet och 
tidigare opioidanvändning. Bland traumapatienterna påverkades opioidanvändningen även av 
hur svårt skadad patienten var och bland intensivvårdspatienterna av hur lång vårdtid de hade. 
I båda grupperna var kronisk opioidanvändning associerat med en ökad risk för död. 

Sammanfattningsvis lider traumapatienter i hög grad av långtidssjuklighet som i stor 
utsträckning påverkas av faktorer som inte är relaterade till skadan i sig. Sjukskriving skulle 
kunna användas som ett sätt att kvantifiera långtidssjuklighet efter trauma och en 
prediktionsmodell för långtidssjukskrivning kan fungera som ett verktyg för att identifiera 
patientgrupper med hög risk för sjukfrånvaro och i behov av mer uppföljningsresurser. 
Vidare är kroniskt bruk av opioider både före och efter trauma och intensivvård vanligt och 
förenat med en ökad risk för död. 



 

 

 

  



ABSTRACT 
The goals of trauma and critical care are twofold: to prevent short- and long-term mortality 
and to return the patient to an independent life. With the development of modern trauma care 
including technical advancements and generalized concepts, outcome has been improving 
steadily. However, trauma is still a major cause of mortality in the 1–45 years old age groups 
and treating these patients is a challenging task consuming significant resources. In strive for 
improved results in trauma care it is highly important to study factors that may influence 
outcomes. Apparent determinants such as injury severity, shock and bleeding have been 
intensively studied over the last decades. There are, however, several less apparent factors 
including socioeconomic factors, that may influence long-term outcomes. 

Management of trauma patients continue to evolve, and many previous open surgical 
procedures are being replaced by nonoperative approaches shifting part of the trauma 
management to the ICU. Hence, trauma and intensive care are closely connected and 
improvement on either depends on improvement on both. The aim with this thesis was to 
increase knowledge of long-term morbidity and outcomes of trauma patients and patients 
surviving intensive care using national and regional registers in four epidemiological studies.  

Significant morbidity can be measured as delayed return to work, an entity that causes 
considerable suffering for trauma victims and significant costs for society. In study I we 
explored the extent of, and risk factors for delayed return to work after major trauma in a 
cohort study with matched controls using sick leave as a proxy for long-term morbidity. 
Compared with controls, trauma patients had more sick leave both before and after trauma. 
High age, psychiatric disorders, low educational level, serious injury, spinal injury, reduced 
consciousness at admission, not being discharged directly home, and hospital length of stay 
for more than seven days were associated with full time sick leave one year after trauma. In 
study II two separate prediction models, one comprehensive and one simplified, were 
developed to predict trauma patients at risk of long-term sick leave. Factors related both to 
the trauma per se as well as host factors were important predictors. Both models were 
internally validated, accurate and showed high precision. Sick leave after trauma might serve 
to quantify long-term morbidity and predictive modelling could be valuable when targeting 
use of scarce follow-up resources.  

Severe trauma and treatment in the intensive care unit typically involves significant pain 
rendering treatment with potent analgesics. Commonly the situation resolves, and the drugs 
can be tapered. It is, however, noted in pain clinics that subgroups of patients become 
dependent on chronic opioid-treatment for a long time after trauma. This prolonged use or 
misuse of opioids is obviously influenced by the nature of the injury per se but also by several 
less well characterized factors. The precise magnitude of this problem is not known, neither 
are all the associated factors. The wide-spread use of opioids is currently questioned, and 
prolonged use of opioids is associated with worse outcomes. In study III and IV opioid use 
before and after trauma and intensive care were investigated. Trauma patients used more 
opioids compared to matched controls both before and after trauma and among patients 



 

 

admitted to critical care opioid use was also substantial before and after admission. In the 
trauma cohort, exposure to trauma was associated with long-term opioid usage. High age, 
comorbidities, increasing injury severity and pre-injury opioid use were some of the factors 
associated with chronic post-traumatic opioid use. Among patients admitted to critical care, 
increasing age, female sex, comorbidities, ICU length of stay and pre-admission opioid use 
were among the factors associated with long-term opioid use. Both among trauma patients 
and ICU patients, long-term opioid use was associated with increased risk of death 6-18 
months after trauma and ICU admission respectively. In both studies the same results applied 
for patients not using opioids before trauma or admission to critical care. These studies 
highlight the risks with long-term opioid treatment following trauma or intensive care. 

To conclude, trauma patients suffer from significant long-term morbidity influenced by non-
trauma related factors. Sick leave might be used as a proxy for post-trauma morbidity and 
prediction models may identify groups of patients at risk of sick leave following trauma and 
useful when allocating resources for rehabilitation. Furthermore, chronic opioid use is 
substantial both before and after trauma and intensive care and is associated with an increased 
risk of death.  
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1 INTRODUCTION 
Trauma is a global health concern and predominantly affects younger individuals. Each year, 
injuries kill more than five million people worldwide and for every person who dies, several 
more are injured, many of them with permanent sequelae1. Trauma care is challenging and 
expensive for health care systems and decreasing the global burden of traumatic injuries is 
one of the main challenges for public health. Many seriously injured trauma patients present 
to the intensive care unit requiring a level of care involving close monitoring, higher staffing 
levels and advanced treatment. 

Multiple factors affect recovery after injury including age, preexisting medical conditions, the 
severity of injury and access and response to treatment and rehabilitation. Recovery is not one 
dimensional and whom is to fully recover and whom is not is hard to predict. In the literature, 
outcome is measured in several ways ranging from mortality to various scales, making 
comparisons between studies difficult2. However, trauma survivors and survivors after 
critical illness, are likely more focused on long-term outcomes including an independent life, 
return to work and reintegration into society. 

This thesis is based on four studies that address several aspects of trauma and intensive care. 
The aim was to illustrate factors contributing to increased long-term morbidity and mortality. 
In study I and II sick leave is used as a proxy for long-term morbidity describing how injury 
and non-injury-related factors affect the long-term effects of injury. Two prediction models 
were developed to assess how individuals at risk of long-term sick leave may be identified 
already at discharge from a trauma unit. Study III and IV aimed to elucidate whether chronic 
opioid use could worsen the already poor prognosis of trauma patients and intensive care unit 
(ICU) survivors. 
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2 LITERATURE REVIEW 
2.1 Epidemiology 

In Sweden, trauma is the leading cause of death among individuals younger than 45 years3. 
However, the cumulative burden of trauma including long-term disability is likely to be 
higher and for every trauma death, between three and four patients survive with a serious or 
permanent disability4. Hence, trauma is not just a temporary physiological setback to an 
individual but affects health and quality of life for many years. Common injury mechanisms 
are motor vehicle collisions, intentional injuries and injuries from falls5. Considerable 
differences exist between countries, in low-income countries the risk of dying from road 
traffic injuries is three times higher than in high-income countries6.  

Following improvement in first aid, emergency room and operative management, more 
injured patients survive to admission to the ICU7. For patients admitted to critical care long-
term morbidity is significant and quality of life is often reduced8. Sweden has a publicly 
funded health care system Sweden and around 40,000 episodes of ICU care every year9. 

2.2 Trauma scoring systems 

Severity scales in traumatology designed for classification and characterization of injuries are 
important adjuncts to trauma care and can aid in predicting survival or benchmarking trauma 
centers. There is a wide variety of scoring systems available based on anatomical descriptions 
of injuries, physiological parameters or both. There is no consensus on the ideal scoring 
system and no system is completely accurate in any setting. The Abbreviated Injury Scale 
(AIS) is an anatomical scoring system used to assess trauma patients and every injury is 
assigned a code based on anatomical site, nature and severity (1=minor and 6=maximal)10. 
Injury Severity Score (ISS) is a commonly used scoring system in trauma literature derived 
from the AIS and provides an anatomical description of injuries that is designed to assess the 
combined effects in multiply injured patients. ISS is defined as the sum of squares of the 
highest AIS grade in the three most severely injured body regions. ISS ranges from 1-75 
where ISS of 75 indicates that an injury is unsurvivable and is also assigned anyone with any 
AIS body region score of 6. The body regions are divided into (1) head or neck, (2) face, (3) 
chest (thorax), (4) abdominal or pelvic contents, (5) extremities or pelvic girdle and (6) 
external11. Major trauma is commonly defined using ISS of 15 as a threshold12. 

2.3 Trauma mortality 

Mortality after multiple trauma has decreased over the last decades due to effective pre-
hospital care, implementation of modern trauma systems and improvements in post-traumatic 
care13, 14. With a decreasing number of deaths, lethal injuries account for a smaller fraction of 
the combined impact of trauma on society. Instead, more essential are the large number of 
non-fatal injuries of a young trauma population resulting in substantial morbidity and high 
costs.  
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Historically, but still widely taught in the trauma literature, the distribution of trauma deaths 
has been described as trimodal with immediate deaths at the scene (usually unpreventable e.g. 
high spinal or brain injury, catastrophic hemorrhage), early deaths (within hours, typically 
hemorrhage-related) and days to weeks after trauma (multi-organ failure or sepsis)15. This 
concept has been questioned and other alternative patterns have been suggested such as 
quadrimodal distributions or an early peak followed by a continuous decline of deaths16. 
Apart from expected age-dependent causes of death, another trauma or self-inflicted injuries 
are more common causes of death among patients with previous trauma17. 

2.4 ICU mortality 

Mortality rates are high for patients requiring critical care, but has decreased over the past 
decades and vary depending on admission diagnosis18. For example, trauma patients have 
experienced a better prognosis over time19, whereas survival rates for sepsis patients are 
unchanged20. In Sweden, 30-day mortality for ICU patients is around 17 %21 which is low 
compared with previous ICU studies22, 23. 

2.5 Long-term outcomes 

Traditionally, outcome studies of trauma are limited to in-hospital or 30-day mortality, 
endpoints also recommended in trauma research24. Later studies report increased risk of death 
for several years following trauma and more recent reports include longer follow-up 
periods25, 26. Given the effective injury-prevention strategies and improved trauma care, 
attention of today is increasingly focusing on improving the quality of survival and reducing 
long-term morbidity after nonfatal injuries. Patients surviving trauma experience long periods 
of intensive care, interventions and rehabilitation leading to subsequent long-term morbidity, 
and several factors other than injury severity seem to influence the final total degree of 
morbidity. Compared to matched comparison groups, trauma patients seem to have an excess 
mortality for many years after trauma26, 27. The same holds true for ICU patients where in-
hospital mortality is significantly lower than more accurate long-term measures since many 
ICU patients similarly have an increased risk of mortality for many years after discharge28. 
Physical impairment is common for ICU survivors, for example after acute respiratory 
distress syndrome29, but how to best assess outcome of these patients is not clear and there 
are more than 26 reported functional outcome measures30. 

2.6 Trauma and employment 

2.6.1 Sick leave in Sweden 

The Swedish Social Insurance Agency provides paid sickness absence for individuals aged 
over 16 living in Sweden with income (from work, unemployment or parental leave) if the 
disease or injury has led to reduction of work capacity. The first day of a sick‐leave period is 
not reimbursed and mental health disorders is the most common reason for sickness absence 
in Sweden.31. 
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Prescribing sick leave is a common practice in health care but is widely questioned since it is 
suggested that sick leave instead may have overall negative effects for many patients. A 
number of studies have shown that the longer the period of work absence lasts, the more 
likely that the individual never returns to work32, 33 and one study indicated that individuals 
on disability pension had increased mortality rates34. This underlines the importance of 
identifying individuals at risk of sick leave at an early stage and concentrate on reintegration 
to working life. 

2.6.2 Return to work after trauma 

In a long-term perspective, the goal with trauma care is reintegration into previous level of 
activity and to an independent life. Post-traumatic return to work could serve as a proxy for 
long-term functional outcome and a measure of performance for trauma or ICU care35. It has 
been suggested that return to work should be measured in trauma follow-up, and studies have 
shown that survivors after trauma do not return to pre-injury employment level for many 
years36, 37. Other recommended measurements are injury severity scores or outcome scores 
such as Glasgow Outcome Scale (GOS)38, 39. However, they have proven to be poor when 
trying to predict long-term outcomes and level of future employment after trauma, and other 
instruments and measurements are needed40.  

Predicting future duration of sickness absence is complex and dependent on several different 
factors such as injury severity, personal and psychosocial factors and design of the sickness 
insurance system41, 42. Already in the late 80s, MacKenzie studied factors influencing return 
to work and functional outcome one year after trauma and concluded that spinal injury was 
the single most important factor for not returning to work43. Later studies report widely 
divergent proportions of returning to work one year after trauma varying from 28 % 44 to 70 
% 45. Possible explanations for these variations are differences in case mix or varying 
definitions of return to work. In the literature, factors influencing return to work rates are both 
demographic (age, educational level, income) and injury-related (injury severity, injury 
localization). However, different studies conclude with different factors associated with 
return to work and there is no consensus on what factors are most important. In addition, 
many studies focus on a specific injury type or localization limiting the generalizability to 
other trauma populations46, 47. 

An important reason to identify individuals with a possible poor outcome is to be able to 
tailor rehabilitation or other preventive measures for these patients. How to identify patients 
most suitable for rehabilitation is not clear but is important since it is a limited and expensive 
resource to be used on patients most likely to benefit from it48. 

2.7 Pain management after trauma and intensive care 

2.7.1 Long-term opioid use 

Opioids are potent and effective pain relievers and therefore play an important role as first 
line-treatment of moderate to severe pain49. However, use of opioids entails risks including 
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addiction and physical dependence50 and prolonged use can lead to higher doses due to 
tolerance51. Prescription opioids used incorrectly is a serious issue in global health and 
contributes to the global disease burden52. In the light of escalating opioid use, treatment of 
acute and chronic pain has emerged as a growing challenge in modern medicine53. 

There are several definitions of prolonged opioid therapy, but a common definition is 
treatment longer than three months54-56. Several factors are associated with long-term use of 
opioids in previous studies; the amount prescribed early after injury57, level of inpatient use58, 
orthopedic injuries59 and pre-injury opioid use60. Other possible predictors include history of 
illicit drug and alcohol abuse61 and comorbid mental health disorders62, 63. Overall, opioid 
prescribing seems to follow a pattern in which patients with high probability of unfavorable 
outcomes following opioid treatment also are more likely to be prescribed large amounts of 
opioids. 

2.7.2 Opioid use for chronic pain 

The evidence for long-term opioid usage is weak64 and using opioids to treat chronic pain is 
very much in question65, 66. In addition, opioids carry a dose-dependent risk for health-related 
harms when used for long-term treatments64 and unintentional overdose injury has been 
shown to be related to the prescribed opioid’s duration67. Patients are often given standard 
doses not based on individual pain response, but instead based on expectations on a group 
level. Furthermore, chronic opioid treatment is associated with adverse effects including 
increased probability of vehicle crashes68, risk of myocardial infarction69 and increased risk 
of death70 and in one study 80 % of first time heroin users initially misused prescription 
opioids71. In the U.S. an estimated 20–30 % of the population suffers from chronic pain, 
which is similar to findings in Europe, Canada and Australia72. 

2.7.3 The U.S. opioid epidemic 

Most current studies on opioids are performed in the U.S. where a majority of prescribed 
opioids are consumed73. Addiction from opioids is not a new phenomenon, during the Civil 
War in the United States the Union army consumed large amounts of opium tincture and 
opium pills with the consequence of a high rate of addiction among soldiers74. However, the 
origin of the current opioid epidemic started in the 1990s with the idea of pain as the fifth 
vital sign and increased prescription of opioids lead to widespread misuse75. In the U.S. more 
than 30 % of the adult population use prescription opioids76 and in 2019 there were more than 
70,000 drug overdose deaths77. Today, prescription opioids together with heroin account for a 
majority of all drug overdose fatalities78 and a majority of fatalities originate from opioids 
prescribed within the guidelines79. 

2.7.4 Opioids after trauma 

An important aspect of trauma care is pain management, and more than 50 % experience pain 
for many years following injury80. The proportion of trauma victims who become long-term 
users of opioids following injury is not known, but most likely has increased. Pain at the time 
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of discharge has been found a predictor of pain six months after orthopedic injury81, and 
discomfort at three months a predictor of pain up to seven years after trauma82, 83. In the U.S., 
more than 39 million individuals are injured every year and opioid-treatment is common 
among these individuals84. One Canadian study found that 35 % in a trauma cohort used 
prescription opioids four months after injury85 and another U.S. study reported a smaller 
proportion of chronic opioid use after trauma around 15 %86. These differences are possibly 
explained by different study endpoints and varying definitions of chronic opioid use. 
Furthermore, longitudinal follow-up is important, one study found that out of patients that 
continue to use opioids for more than six months after trauma, more than a third continued to 
use opioids for more than twelve months87. The proportions of persistent opioid users also 
differ between countries with lower numbers in European countries. In a Danish study, seven 
% of a trauma population were persistent opioid users six months after trauma88. In addition, 
trauma victims have a high prevalence of established controlled substance abuse use adding 
to the risk of post-injury opioid use89. 

Many studies on surgery and opioids are related to orthopedic surgery, perhaps because pain 
management after orthopedic surgery continues to be opioid-centric90 and orthopedic 
surgeons prescribe high quantities of opioids91. In addition, orthopedic patients are more 
likely compared with the general population to use prescription opioids already before the 
injury59. 

2.7.5 Opioids after intensive care 

Most ICU patients are exposed to opioids as pain management or for sedation. The 
magnitude of chronic opioid use after ICU care is not fully investigated, but theories that 
continuous infusions of opioids for longer time periods during ICU care might drive chronic 
use after discharge has not been supported in previous studies92, 93. In addition, many patients 
experience pain for several years after discharge from ICU and opioids are commonly used 
also in this setting despite absence of evidence for any benefit of chronic opioid use64. Since 
opioid prescriptions have increased over time, older studies might not reflect current 
prescription patterns making findings hard to interpret94. In a more recent Canadian study 
only 2.6 % of the included ICU patients requiring invasive mechanical ventilation met criteria 
for chronic opioid use after discharge from hospital95. An important limitation of previous 
studies is the inability to measure any doses or reason for opioid treatment during the ICU 
stay, thus little is known if or how opioid use during the ICU stay possibly drives a 
subsequent chronic opioid use96.
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3 RESEARCH AIMS 
To investigate the magnitude of sick leave before and after trauma 

To identify factors associated with full time sick leave one year after trauma 

To develop prediction models for prolonged sick leave after trauma and validate their 
predictive performances 

To analyze if trauma is associated with chronic opioid use 

To investigate the magnitude of opioid use before and after trauma 

To describe factors associated with chronic opioid use following trauma 

To investigate if chronic opioid use following trauma is associated with increased risk of 
death and identify causes of mortality 

To examine the magnitude of and factors associated with chronic opioid use after admission 
to intensive care 

To analyze if chronic opioid use following admission to intensive care is associated with 
increased risk of death 
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4 MATERIALS AND METHODS 
4.1 Ethical considerations 

The Regional Ethical Review Board in Stockholm, Sweden, approved studies I-IV. All 
studies were performed in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments. All studies were retrospective 
observational studies and waived requirement for informed consent. However, data included 
in the studies are sensitive personal data and the Personal Data Act applies. All data were 
retrieved from existing registries and the datasets were processed and anonymized by the 
National Board of Health and Welfare (NBHW) before delivery to the research group. Thus, 
there was no access to any information that enabled identification of individual patients. 

4.2 National registries 

All Swedish citizens have a unique personal identity number that allows linkage of patient 
data to different registries97. 

4.2.1 The Longitudinal Integration Database for Health Insurance and 
Labour Market Studies (LISA)  

The LISA database was launched as a tool to investigate changes in the labor market and 
contains data on education, occupation, income, social welfare, work of absence benefits due 
to injury, disease or rehabilitation. LISA includes information on individuals aged 16 or older 
since 1990 making it a useful tool for various medical research purposes98. 

4.2.2 The National Patient Register 

The Swedish National Patient Register, managed by the NBHW, contains information on all 
inpatient care episodes in psychiatric care since 1973 and in somatic care since 1987. 
Outpatient care, not classified as primary care, is included from 2001. Each care episode, 
diagnosis of which one is principal, is classified according to the International Classification 
of Diseases (ICD-10). ICD version 10 has been used in Sweden since 1997. The coverage of 
the register is > 95 %99, 100.  

4.2.3 The Swedish Cause of Death Register 

The Swedish Cause of Death Register is managed by the NBHW and comprises data on all 
deaths of people registered in Sweden, and from 2012 also deaths that occurred in Sweden 
even if the deceased was not a registered citizen101. Originating from the decision in the 
Swedish parliament in 1749 to document cause of death statistics, the Cause of Death 
Register is virtually complete and contains electronically available data from 1952 and 
onwards. Certifying a death includes the physician submitting a death certificate to the 
NBHW filling out underlying cause of death defined as “the disease or injury which initiated 
the train of morbid events leading directly to death, or the circumstances of the accident or 
violence which produced the fatal injury”102. The register is of high quality with < 1 % loss of 
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death certificates. Misclassifications of the underlying cause of death have been estimated to 
approximately 20 % overall but vary with diagnosis and age with lower numbers among 
younger individuals and in patients with violent causes of death, malignancies and ischemic 
heart disease103. 

4.2.4 Swedish Intensive Care Registry (SIR) 

SIR collects individual data from Swedish ICUs with an increasing completeness (2011: 91 
%; 2019: 99 %)104. SIR contains data on diagnoses, interventions and follow-up and operates 
within the legal framework of the Swedish National Quality Registries105 and does not require 
written informed consent from the patients. However, patients may withdraw their data from 
the registry at any time. 

4.2.5 The Swedish Prescribed Drug Register 

The Swedish Prescribed Drug Register includes individual level data on dispensed 
prescription drugs in Sweden and is managed by the NBHW. On 1 July 2005, the register 
was expanded to include personal identity numbers allowing linkage between drug 
dispensing data and other registers106. The register contains detailed information on drugs, 
dispensed amounts and information about the patient and the prescriber. The register does not 
include data on medication used in hospitals and nursing homes and only partially covers 
drugs used in day-care such as TNF-alfa-inhibitors107 

4.2.6 The Total Population Register 

The Total Population Register managed by Statistics Sweden (SCB) includes information 
about the population and its changes and is available for every year from 1968 onwards. The 
register serves as a database which can supply supplementary data to other registers and 
surveys and includes population by sex, age, marital status etc108. 

4.3 Regional registries 

4.3.1 Trauma Registry Karolinska 

All patients admitted through the trauma unit, regardless of ISS, as well as patients admitted 
without involvement of the trauma team, but afterwards found to have an ISS > 9 are 
included in the trauma registry of the Karolinska University Hospital. Patients with isolated 
fractures of the upper or lower extremity, drowning, chronic subdural hematomas, severe 
burns or hypothermia without concomitant trauma are not included in the registry. From 2013 
data is registered according to the Utstein Template and reported to the Swedish Trauma 
Register (SweTrau)24. 

4.4 Definitions 

Education was categorized as low, medium or high corresponding to 9 years or less, 10-12 
years, and more than 12 years of school. Income was classified as low, medium or high 
corresponding to < 50 %, 50-200 % or > 200 % of the median income in Sweden the year 
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preceding ICU admission (Paper IV). Somatic comorbidity was assessed up to eight years 
prior to trauma (Paper I-III) and up to five years prior to ICU admission (Paper IV) and 
defined as presence of any somatic diagnosis included in the Charlson comorbidity index 
(CCI) coded to ICD-10109, 110. Psychiatric comorbidity was defined as presence of any ICD-
10 codes F20-99 and substance abuse as presence of diagnoses found in F10-19. Injury 
severity was classified according to the ISS, based on the AIS 1990 edition for year 2005-
2006 and AIS 2005 edition from 2007 (Paper I-III). Serious injury to an AIS-region was 
defined as AIS score more than 2 (Paper I and III). Serious injury in general was defined as 
ISS > 15 (Paper I). Chronic opioid use after trauma was equal to filling at least one 
prescription during 91–180 days following trauma, or corresponding index date for controls 
(Paper III). Chronic opioid use after admission to critical care was defined as dispensed 
opioid prescription both during day 1–90 and day 91–180 following ICU admission (Paper 
IV). Individuals not filling any opioid prescription during 6 months before trauma and 12 
months before ICU admission were considered opioid naïve (Paper III and IV). 

4.5 Statistics 

Categorical data are presented as proportions and percentages and continuous data with 
median and interquartile range (IQR) (Paper I-IV) except for days spent on sick leave which 
are presented as means (Paper 1). Crude comparisons of proportions were performed using 
chi-square tests. 

Generalized Estimating Equation (GEE) regression models were used to estimate differences 
in days spent on sick leave over time for trauma patients compared to controls (Paper I). 
Estimated mean differences were expressed in terms of Cohen’s d. GEE regression models 
were also used to analyze differences in opioid consumption among injured patients and 
controls before and after trauma (Paper III) and before and after ICU admission (Paper IV).  

Logistic regression models were used to estimate odds ratios (OR) with 95 % confidence 
intervals (CI) for the association between traumatic injury per se and chronic opioid use 
(Paper III), and factors potentially associated with post-traumatic sick leave (Paper I) and 
chronic opioid use after trauma or intensive care (Paper III and IV). Cox regression models 
were used to investigate the association between chronic opioid use and all-cause mortality 
after trauma and ICU admission respectively (Paper III and IV). Results were presented as 
hazard ratios (HR) with corresponding 95 % CI. Schoenfeld residuals was used to test model 
performance (Paper III). 

As a sensitivity analysis, probability weights were used in the logistic regression model to 
account for dropout from the study due to death (Paper I, III and IV). Multiple imputation 
was used to account for missing data (Paper III). Logistic regression models were also used to 
develop two different prognostic models used to predict prolonged sick leave based on 
candidate predictors (Paper II). The predictor variables were selected using a backward 
selection algorithm and discrimination and calibration were internally validated using 10-fold 
cross-validation.  
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A P value less than 0.05 was considered statistically significant; all tests were two-tailed. 
IBM SPSS Statistics version 22.0 (IBM, Armonk, NY, USA), Stata/SE 14.2 (StataCorp, 
College Station, TX, USA) and GraphPad Prism version 6.0 (GraphPad Software, La Jolla, 
CA, USA) were used for statistical analyses. 

4.6 Study design and outcome measures 

Study design and outcome measures are summarized in Table 1. 

Table 1. Study design and outcome measures. 

Study I II III IV 

Design Matched cohort study Cohort study Matched cohort study Cohort study 

Study population Trauma cohort 2005-
2010 

Trauma cohort 2005-
2010 

Trauma cohort 2006-
2015 

ICU cohort 2010-
2018 

Sample size Patients 4712 

Controls 25 013 

4458 Patients 13 309 

Controls 70 621 

265 496 

Register used Trauma Register 

Cause of Death 
Register 

Total Population 
Register  

National Patient 
Register 

LISA 

Trauma Register 

Cause of Death 
Register 

National Patient 
Register 

LISA 

Trauma Register 

Cause of Death 
Register 

Total Population 
Register 

National Patient 
Register 

LISA 

Prescribed Drug 
Register 

Swedish Intensive 
Care Register 

Cause of Death 
Register 

National Patient 
Register 

LISA 

Prescribed Drug 
Register 

Outcome measures Sick leave before and 
after trauma, risk 
factors for full-time 
sick leave one year 
after trauma 

Full-time sick leave 
one year after trauma 

Chronic opioid use 
after trauma, opioid 
use before and after 
trauma, all-cause 
mortality 6-18 
months after trauma, 
causes of death for 
chronic opioid users 

Chronic opioid use 
after ICU admission, 
all-cause mortality 6-
18 months after ICU 
admission 
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4.6.1 Study I 

In a cohort study, injured patients from the Karolinska Trauma Register 2005-2010 were 
matched by age, gender and municipality in a 1:5 ratio with uninjured controls from the 
Register of Total Population. Patients were linked to LISA and the Patient Register for 
assessment of level of education, comorbidities and rates of sick leave. GEE models were 
used to estimate crude differences in mean number of days spent on sick leave for trauma 
patients and controls. Logistic regression models were used to identify factors associated with 
sick leave one year after trauma. 

4.6.2 Study II 

Patients from the Karolinska Trauma Register 2005–2010 were extracted and included in a 
cohort study. After linkage to the Patient Register and LISA, information on comorbidities 
and level of education was provided. By using logistic regression models and stepwise 
backward elimination for variable selection, two prediction models were developed for 
assessment of full-time sick leave one year after trauma. Potential predictors were chosen 
based on physiological plausibility and data availability. 

4.6.3 Study III 

Injured patients from the Karolinska Trauma Register 2006–2015 were matched in a 1:5 ratio 
with uninjured controls from the Register of Total Population. By linkage to LISA and the 
Patient Register, level of education and comorbidities were investigated. Causes of death 
were explored by linkage to the Cause of Death Register. In addition, patients were linked to 
the Prescribed Drug Register to define opioid use before and after trauma. GEE models were 
used to assess opioid use before and after trauma and logistic regression models to explore 
risk factors for chronic opioid use after trauma. Cox regression models were used to assess 
risk of mortality for chronic opioid users. A subset of trauma patients not using opioids 
during the six months preceding injury was explored separately.  

4.6.4 Study IV 

In this cohort study all patients included in the Swedish Intensive Care Registry (SIR) from 
January 2010 to December 2018 were included and followed for two years. Primary outcome 
was chronic opioid use after ICU admission and secondary outcome risk of death 6–18 
months after ICU admission. Socio-economic variables and comorbidities were assessed after 
linkage to the Patient Register and LISA. Patients were also linked to the Prescribed Drug 
Register to explore opioid use before and after ICU admission using GEE models. Among 
ICU patients, logistic regression models were used to investigate factors associated with 
chronic opioid use. A Cox regression model was employed to study excess risk of mortality. 
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5 RESULTS 
5.1 Study I 

4712 trauma patients and 25 013 controls were included in the study with a median age of 36 
years in the trauma cohort. 72 % were male and median ISS was 5 with 21 % seriously 
injured (ISS > 15).  

Trauma patients had more sick leave before trauma compared to controls (0.9 days vs. 0.4 
mean days/month, P < 0.001), a difference that was markedly larger following trauma (Figure 
1). The difference in sick leave decreased but was still significant in the follow-up period 13 
to 36 months after trauma (2.7 days/month, P < 0.001).  

 

Figure 1. Characteristics of sick leave pre- and post-trauma. Sick leave over time measured as mean number of 
days per month in trauma patients and controls. Time of trauma depicted by time 0 on the x-axis 

 

Different patterns of sick leave for subgroups of age, sex, level of education and injury 
severity are presented in Figure 2. Following trauma, sick leave rates were higher among 
older patients, more serious injuries and lower education. 
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Figure 2. Mean number of days of sick leave in subgroups pre- and post-trauma. Sick leave over time measured 
as mean number of days per month pre- and post-trauma in subgroups of sex (a), age (b), years of education (c) 
and Injury Severity Score (d) among trauma patients. Time of trauma depicted by time 0 on the x-axis 

 

495 patients had full time sick leave one year after trauma. In the multivariable logistic 
regression model being older, fewer years of education, psychiatric comorbidity, sick leave 
before trauma, ISS 25–40, serious spinal injury, GCS at admission < 14, being discharged 
anywhere else but home and LOS in hospital for more than seven days were all independent 
risk factors for sick leave one year after trauma. The strongest risk factor was pre-injury sick 
leave with an OR of 7.72 (5.30–11.23) for part-time and OR of 11.98 (7.04–20.39) for full-
time sick leave the month before trauma 

5.2 Study II 

After excluding individuals who died during the first year following trauma, 4458 patients 
were included in the analysis of which 488 had full-time sick leave one year after trauma. 
Patients with full-time sick leave had more sick leave already before the trauma, were older, 
had more comorbidities and were also more seriously injured.  

In Figure 3 the model building is graphically visualized with seven patient-related and seven 
trauma-related potential predictors in the comprehensive model compared with a total of 
eleven potential predictors in the simplified model. After variable selection, nine predictors 
remained in the comprehensive model compared with seven in the simplified version. For the 
comprehensive model the area under the curve (AUC) was 0.81 and a discrimination 



 

 19 

regarded as excellent and calibration as very good. For the simplified version the 
discrimination was still excellent, and the calibration was regarded as good. 

 

Figure 3. Model building for the comprehensive and the simplified model. 

 

5.3 Study III 

In this cohort study, 13 309 trauma patients and 70 621 matched controls were included. 
Compared to controls, fewer injured patients had achieved university level of education. In 
addition, trauma patients had more comorbidities (somatic, psychiatric and substance abuse) 
and a greater proportion used opioids preceding trauma (9.4 vs. 5.0 %). In univariate 
regression analysis, exposure to trauma was associated with chronic opioid use, OR 3.28 
(3.70, 95 % CI 3.46–3.97, P < 0.001). In the adjusted model, this finding was still significant 
(Table 2). 
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Table 2. Associations between exposure to trauma and chronic opioid use among trauma patients and 
controls, presented as OR (95 % CI). 

 Odds ratio P value 

Unadjusted  3.70 (3.46-3.97) < 0.001 

Restricted model* 4.04 (3.77-4.33) < 0.001 

Full model** 3.28 (3.02-3.55) < 0.001 

Values in parentheses are 95 % confidence intervals. *Adjusted for age and sex (variables used in matching). **In addition to restricted 
model, adjusted for education, somatic comorbidity, psychiatric comorbidity, substance abuse and pretrauma opioid use. 

 

Mean opioid use for injured patients compared with controls was increased both before and 
after trauma (Figure 4). Furthermore, trauma patients had an increased mean opioid use after 
injury compared with their pretrauma opioid use, an increase that was statistically significant 
for the first three calendar quarters after injury. Chronic opioid users after trauma compared 
with non-users were older with lower level of education, less likely to be male and had more 
comorbidities including substance abuse in more than one fifth of the patients. In addition, 
chronic opioid users were more seriously injured, more likely to be admitted to ICU and 30 
% used opioids already before the trauma. 

 

 

Figure 4. Opioid prescription before and after trauma in injured patients and in controls. Values show mean oral 
morphine equivalents (OMEQ) as milligrams per person per quarter for all trauma patients (including subjects 
with and without previous opioid exposure) and controls. The dashed line indicates the time of the index trauma. 
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In the multivariable model exploring factors associated with chronic opioid use following 
trauma, all variables except pre-existing substance abuse, severe abdominal injury and injury 
to upper extremity as well as shock and low GCS on arrival remained independent risk 
factors (Table 3). In the multivariable Cox regression analysis, the adjusted HR for all-cause 
death 6–18 months after trauma for trauma patients with chronic opioid use was significantly 
increased (HR 1.82, 95 % CI 1.34–2.48, P < 0.001). 205 patients died of whom 59 were 
chronic opioid users. Causes of death for chronic opioid users included external causes (12 
%), psychiatric disease (10 %), respiratory problem (10 %), circulatory problem (32 %), 
neoplasm (12 %) and other (24 %). 

In a subset of patients without previous opioid exposure findings were similar including 
baseline characteristics of chronic opioid users, risk factors for chronic opioid use and 
association with long-term mortality (HR 1.85, 95 % CI 1.26–2.72, P = 0.002). 
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Table 3. Univariable and multivariable logistic regression analysis of associations with chronic opioid use 
in injured patients presented as OR (95 % CI).  

 Univariate P value Multivariable P value 

Age (years) 

    15-44 

    45-54 

    55-64 

    65-74 

    75-84 

    ≥ 85 

 

Ref. 

1.41 (1.21-1.64) 

1.57 (1.33-1.85) 

1.73 (1.42-2.10) 

2.34 (1.86-2.95) 

3.08 (2.33-4.07) 

 

Ref. 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

 

Ref. 

1.07 (0.90-1.27) 

1.15 (0.95-1.38) 

1.08 (0.85-1.36) 

1.49 (1.12-1.99) 

2.19 (1.52-3.15) 

 

Ref. 

0.43 

0.16 

0.54 

0.007 

< 0.001 

Male sex 0.82 (0.73-0.91) < 0.001 0.87 (0.76-0.99) 0.038 

Educational level 

    Low 

    Medium 

    High  

 

Ref. 

0.95 (0.84-1.08) 

0.74 (0.63-0.86) 

 

Ref. 

0.428 

< 0.001 

 

Ref. 

0.97 (0.84-1.12) 

0.83 (0.70-0.99) 

 

Ref. 

0.67 

0.038 

CCI score 

    CCI 0 

    CCI 1 

    CCI > 1 

 

Ref. 

1.75 (1.49-2.06) 

2.73 (2.34-3.19) 

 

Ref. 

< 0.001 

< 0.001 

 

Ref. 

1.21 (1.00-1.45) 

1.73 (1.42-2.11) 

 

Ref. 

0.049 

< 0.001 

Psychiatric 
comorbidity 1.96 (1.73-2.22) < 0.001 1.51 (1.29-1.76) < 0.001 

Substance abuse 1.67 (1.46-1.90) < 0.001 1.09 (0.92-1.28) 0.34 

Pretrauma opioid 
use 8.99 (7.89-10.24) < 0.001 8.38 (7.26-9.67) < 0.001 

Severe head injury* 1.03 (0.88-1.20) 0.72 -  

Severe thoracic 
injury* 1.75 (1.52-2.01) < 0.001 1.46 (1.23-1.73) < 0.001 

Severe abdominal 
injury* 1.50 (1.16-1.95) 0.002 1.12 (0.83-1.53) 0.45 

Severe spinal 
injury* 2.80 (2.29-3.42) < 0.001 2.78 (2.21-3.50) < 0.001 

Severe injury lower 
extremity* 3.25 (2.79-3.78) < 0.001 3.37 (2.82-4.02) < 0.001 

Severe injury upper 
extremity* 1.83 (1.20-2.80) 0.005 1.43 (0.87-2.34) 0.16 

Penetrating trauma 0.89 (0.72-1.10) 0.264 -  

Shock on arrival** 1.93 (1.39-2.69) < 0.001 1.00 (0.67-1.48) 0.99 

GCS 

    13-15 

    9-12 

    3-8 

 

Ref. 

1.36 (1.06-1.74) 

1.30 (1.05-1.60) 

 

Ref. 

0.016 

0.014 

 

Ref. 

1.07 (0.80-1.43) 

0.80 (0.61-1.04) 

 

Ref. 

0.65 

0.090 

ICU admission 1.73 (1.53-1.96) < 0.001 1.32 (1.11-1.58) 0.002 
Values in parentheses are 95 per cent confidence intervals. *Severe injury equal to Abbreviated Injury Scale score 
above 2; **shock on arrival equal to systolic arterial pressure below 90 mmHg on arrival in trauma unit. CCI, 
Charlson comorbidity index; GCS, Glasgow Coma Scale; ICU, Intensive Care Unit  
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5.4 Study IV 

After exclusion of individuals not surviving the first two quarters after ICU admission as well 
as patients using methadone or buprenorphine, 204 402 individuals were included in the 
study. Median age was 63, 59 % were male, 23 % used opioids the year before ICU 
admission and median length of ICU stay was 1.5 days. Opioid usage for the study cohort and 
for individuals not using opioids the year before ICU admission is shown in Figure 5. After 
24 months (eight quarters), the mean opioid consumption was still increased compared with 
baseline use (equaling 9-12 months before admission). The same pattern was noted for 
individuals not using opioids before ICU admission. 

 

 

Figure 5. Opioid prescription pre- and post ICU care for the entire study cohort (n = 204 402) (A) and for a 
subset of patients without opioid exposure 12 months prior to ICU admission (n = 157 925) (B). 

 

Chronic opioid users compared to non-users were older, less likely to be male, had more 
comorbid conditions and used opioids before ICU admission to a greater degree. In the 
multivariable logistic regression model being older, female sex, a low socioeconomic 
position, comorbidities (somatic, psychiatric), pre-ICU opioid exposure, low EMR, longer 
ICU stay, and earlier year of ICU admission were factors associated with higher odds of 
chronic opioid use following ICU admission (Figure 6). In the Cox regression analysis, 
chronic opioid use was associated with increased risk of death both unadjusted HR 2.2 (95 % 
CI, 2.2–2.3, P < 0.001) and after adjustment for age, sex, somatic and psychiatric 
comorbidities, substance abuse, EMR and ICU LOS, HR 1.7 (95 % CI, 1.6–1.7, P < 0.001). 
In the subset of patients without previous opioid exposure findings were similar with an 
adjusted HR of 1.9 (95 % CI, 1.8–2.1, P < 0.001). 

 

A B 



 

24 

 

Figure 6. Odds ratios with corresponding 95 % confidence intervals. Multivariable logistic regression analysis. 
Estimated Mortality Rate (EMR), Intensive Care Unit (ICU), Length of Stay (LOS).
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6 DISCUSSION 
6.1 Methodological considerations 

6.1.1 Study design 

Optimal study design is fundamental to attaining valid results and to be able to answer a 
research question. In this thesis, all studies are retrospective observational cohort studies, 
where study I and III are matched cohort studies. Observational studies are often criticized for 
being vulnerable to bias and unpredictable confounding, but well executed they can be very 
powerful and perform similar conclusions as RCTs and can also complement RCTs in 
hypothesis generation111, 112.  

Cohort studies usually follow two separate groups recruited from the same source population, 
but with different exposure, in this case trauma or intensive care. In study I-III the source 
population is the greater Stockholm area for patients and controls and in Study IV the country 
of Sweden for included ICU patients. After exposure to trauma or intensive care, outcomes 
were followed prospectively and both local and national registers were used. In all four 
studies the cohort design allowed us to examine large populations over an extended time 
period. Study IV would have been better with matched controls, but the number required 
would need to be very high to be enough and that was not feasible. 

In study I-III trauma patients were identified in a local trauma register. An alternative 
approach would have been to identify trauma patients from ICD-coding113, 114. This however 
would include patients less severely injured and with other mechanisms of injury such as 
isolated fractures14. Using patients from a trauma register also enabled comparisons with 
other studies. 

6.1.2 Generalizability 

One cause for concern in epidemiological studies is generalizability from the study sample to 
the population at large. In paper I-III, trauma patients and controls are included from the 
greater Stockholm area raising concerns about trauma patients originating from countries 
with different health care systems. However, patients baseline characteristics were similar to 
studies from other centers making inference also in other settings possible115-117. 

In study I and II sick leave functioned as a surrogate for long-term morbidity. Sickness 
benefits covering short- and long-term illness are complicated and differ widely across 
countries. However, all Nordic countries have highly developed hospital services with 
taxation-based health care with every citizen having equal access to services including trauma 
and intensive care. Furthermore, similar strategies are used to reduce sickness absence 
making an extrapolation of the results of study I and II to other Nordic countries possible. 
Social policies across Europe are generally much more generous than in the U.S. but with 
considerable variation across different countries. With that in mind, sick leave as a proxy for 
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long-term morbidity still might be an adequate measure within a country, but making 
comparisons with other countries more difficult, hence reducing generalizability. 

Study I-III were single center studies where generalizability is limited by size. In study IV the 
cohort was obtained from SIR, a large database covering more than 90 % of the Swedish ICU 
population at the time, and thus generalizability was considered good. 

Inclusion and exclusion criteria set the boundaries for the research question and are important 
when trying to extrapolate results to other contexts. In study I-IV only adults were studied. In 
study I and II sick leave was the primary outcome which makes age boundaries reasonable. In 
trauma studies injury severity is important, and in study I median ISS was fairly low. 
However, restricting the patients to only ISS > 15 did not change the results. In study III and 
IV individuals not surviving 180 days were excluded since they were not able to fulfill the 
primary outcome of long-term mortality. However, including these patients in the sensitivity 
analyses did not change the results. In addition, patients using methadone and buprenorphine 
were excluded since they are used predominantly for individuals with problematic drug use.  

In study II we developed two prediction models using data from the study population and 
then internally validated the model. However, external validation in another population is 
needed to confirm the generalizability. 

6.1.3 Misclassification 

All measurements are prone to error and understanding common errors and the means to 
reduce them is important and improves the precision of estimates. Misclassification of 
exposure or outcome is a form of systematic error and refers to the classification of an 
individual, a value or an attribute into a category other than that to which it should be 
assigned. This might arise because the information collected from study subjects is erroneous 
and is also known as information bias.  

6.1.3.1 Misclassification of exposure  

In all the included studies national health registers are used to collect information on 
socioeconomic factors and classification of comorbidities. LISA has a high validity98, but in 
the data collected there was missing data on education. However, given the large number of 
individuals included this was not considered a problem in any of the studies. In paper I and II 
information on sick leave was collected from LISA. Since the employer pays for the first 
fourteen days, data on sick leave for day 1-30 after trauma were not complete and for this 
reason excluded in paper I. The National Patient Register has a high validity99, but primary 
care is not included, neither is the information on outpatient care complete for the first years. 
However, it is unlikely that different definitions of comorbidities would influence estimates 
of interest for the included studies.  

In study III and IV the definition of opioid use is important. In study III chronic opioid use 
was defined as any prescription in the second calendar quarter following trauma, and in study 
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IV chronic opioid use was equal to repeated prescriptions both in the first and the second 
calendar quarter following ICU admission. In study III we cannot be sure to what extent 
individuals in fact were chronic users since we accepted one prescription in the second 
calendar quarter to be classified as chronic users. The reason for this, was to avoid 
misclassification of individuals with prolonged hospital stay during the first three months, 
and we chose to censor all prescriptions in the first quarter following trauma. Moreover, there 
is no consensus on how to define chronic opioid use, but a common definition is treatment 
longer than three months54-56. In paper III a sensitivity analysis was performed including 
weaker opioids, but this did not change the results. In study III and IV some degree of 
misclassification cannot be excluded since some individuals receiving one prescription of 
opioids in the second calendar quarter could have received this for another event not 
connected with trauma or ICU admission. In study III and IV there is no data available on 
whether the individuals consumed the opioids prescribed, but previous studies of opioid use 
suggest fair to moderate agreement between self-reported data on medicine use and 
prescription records118. 

6.1.3.2 Misclassification of outcome 

In study I and II sick leave was the primary outcome, but to minimize selection bias 
individuals receiving disability pension were included. Students and unemployed are also 
entitled to sickness benefits, and for this reason included further reducing bias. In study III 
and IV the primary outcome was death 6-18 months after trauma and ICU admission 
respectively. The Swedish Cause of Death register has around 99 % coverage regarding 
death, but only around 80 % correct for underlying cause of death103. Studies in Sweden and 
other countries show that validity varies regarding accuracy with age and different diagnoses. 

6.1.4 Confounding 

Confounding is the distortion of the association between an exposure and an outcome by a 
third variable. Confounders introduce a bias since an observed effect could be attributed to 
the confounder rather than the independent variable studied. Accounting for confounders is 
important and randomization, restriction or matching are ways to reduce the risk of 
confounding when designing a study. When analyzing data, confounders can also be assessed 
using for example regression models or stratification. 

6.1.4.1 Study I  

In the first study trauma patients and the control group were matched on age, sex and 
municipality. Matching is applied when there is a potential difference in occurrence of 
potential confounders between exposed and unexposed individuals. In addition, stratified 
analyses based on age, sex, education and injury severity were performed. Furthermore, the 
study cohort was restricted with respect to age and logistic regression models were used to 
analyze risk factors for prolonged sick leave. 
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6.1.4.2 Study II 

Candidate variables were selected based on etiological knowledge, physiological plausibility 
and data availability and selected into the model using a backward selection algorithm based 
on their predictive value119. 

6.1.4.3 Study III 

Trauma patients and the control group were matched on age, sex and municipality. Patients 
were restricted with respect to hospital admission for more than 180 days and dying during 
the first 180 days. A sensitivity analysis addressing non-random dropout from the study 
owing to death was performed but did not change the results. Stratified analyses based on a 
subset of trauma patients without opioid exposure six months preceding injury were 
performed. Missing data was addressed with multiple imputation. 

6.1.4.4 Study IV 

Similar to study III, patients were restricted with respect to hospital admission for more than 
180 days and dying during the first 180 days and the same sensitivity analysis was performed. 
Equally, patients not using opioids before ICU admission were analyzed in a stratified 
analysis. There was some missing data but given the large number of patients this was 
considered not to affect the outcome.  

However, unmeasured confounders and residual confounding may still remain despite the 
above-mentioned methods used to adjust for confounders. In addition, there is no consensus 
in how to include variables when building regression models or how to best adjust for 
different factors. 

6.1.5 Random errors  

All data contain random errors – no measurement system is perfect. A study population is a 
small sample of the entire population and a principal assumption in epidemiology is that we 
by using a study population can draw an inference on the source population. However, 
chance may affect the results and produce an estimate different from the true value. The 
uncertainty in using a sample to estimate for the larger population can be quantified with p-
values and CI. The CI reflects the interval which were a study repeated infinitely often, would 
contain the true mean 95 % of the times. CI are affected by sample size and spread of the 
data. The p-value is the probability that results seen could have occurred by chance alone 
assuming that there is in fact no difference between groups (null hypothesis). The lower the 
p-value, the more we can be sure that the difference is not just random sampling error with no 
real underlying difference. P-values cannot tell you if there is bias in the study and does not 
determine if the effect is clinically significant, a small effect in a study with large sample size 
can have a very small p-value.  

The large sample sizes in study I, III and IV and the generally narrow CI reduce the 
likelihood for random errors. In study I to IV the significance level was set to 0.05, meaning 
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that we have chosen to accept a 5 % risk of type I error (null hypothesis is incorrectly rejected 
leading to a falsely positive finding). In study II the sample size was smaller introducing risk 
for type II error, incorrectly retaining the null hypothesis equaling not seeing a difference 
even when there was a true difference. 

6.2 Interpretation of findings 

6.2.1 Sick leave and pharmacological treatment following trauma and critical 
care 

The goal of trauma and critical care is apart from reducing short-term morbidity and mortality 
rates, also to reduce disability and enhance personal autonomy and productivity. In the 
literature, in-hospital or 30-day mortality have long been primary endpoints and only more 
recent studies address long-term outcomes and morbidity. Trauma and critical care are 
closely connected since many of the previous open surgical procedures following severe 
trauma are being replaced by nonoperative approaches shifting part of the trauma care 
management to the ICU. 

Our approach to identify individuals at risk of long-term morbidity was to use sick leave as a 
combined measure of somatic, psychological and social functioning originating from the idea 
that also factors not related to the injury per se are important when evaluating long-term 
outcomes. A recent multi-center study concluded that sociodemographic factors are central 
and suggests that social support systems might be even more relevant than for example 
trauma severity120. This strengthens our idea of sick leave as a feasible proxy and summary 
measure of long-term morbidity after trauma. 

Another aspect of long-term outcomes is potential negative side effects of pharmacological 
treatment commonly used in trauma care or critical care. Severe trauma as well as patients 
admitted to the ICU typically involves significant pain rendering treatment with potent 
analgesics where opioids are part of the first-line treatment for moderate to severe pain. 
However, it has been suggested that high cumulative doses or taking opioids over a long 
period of time could lead to dependence, addiction as well as hormone and immune system 
changes. Furthermore, the misuse of and addiction to opioids has turned into a crisis in 
several countries affecting public and economic health. With improved survival rates after 
trauma and critical care patients, long-term effects such as opioid dependence affecting long-
term outcomes has become increasingly important. 

6.2.2 Sick leave after trauma – magnitude and prediction 

Patients surviving traumatic injury and critical care often show impairments that affect 
functional capacity, and more than half of patients report physical limitations on long-term 
follow up120. However, there is no universal definition of long-term morbidity making 
comparisons between studies and countries difficult. Several injury-related predictors for 
worse outcomes have been suggested including ISS and traumatic brain injury, but long-term 
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outcomes are most likely influenced by numerous factors of which non-trauma related factors 
such as being older and socioeconomic factors might be even more important36, 120-123.  

Using sick leave as a proxy for long-term morbidity in study I and II originated from the idea 
that sociodemographic factors are important when addressing long-term outcomes. In 
addition, sick leave carries high costs both for employers and society, but also for the 
individual and seems to be a feasible surrogate for morbidity. In study I, injured individuals 
had significantly more sick leave before and after trauma compared to matched controls. This 
could partly be explained by the fact that trauma patients more often have comorbid 
psychiatric illness compared with the general population. In Sweden, mental health disorders 
are the most common causes of sick leave and disability pension31. Sick leave rates did not 
return to pre-traumatic rates during follow-up of one year and more than 50 % reported full 
time sick leave three years after trauma indicating a significant long-term effect36. 
Furthermore, low educational level was associated with increased risk of sick leave after 
trauma. Previous studies have shown that low socioeconomic status is a predictor of sick 
leave124, but is also associated with risk of being a trauma victim125, 126.  

Being older was not surprisingly associated with prolonged sick leave given that age is 
regularly included and associated with sickness absence in previous reports127. Females had 
more sick leave before trauma, but in contrast to previous studies this difference was omitted 
after trauma36 and sex did not influence the post-traumatic risk of sick leave. This might 
reflect the fact that despite women in Sweden having more sick leave, this is restricted to 
shorter periods of sickness absence rather than long-term which is common after severe 
traumatic injury128. 

More seriously injured patients had significantly more sick leave except for individuals with 
ISS > 40. Severe spinal injury and low GCS on arrival was associated with sick leave after 
trauma, whereas severe head injury did not reach statistical significance. Patients with long 
hospital stay also showed an association with long-term sick leave. Our cohort had a rather 
low median ISS of 5, but when restricting to individuals with ISS > 15 the results were 
unchanged. Thus, comparisons with other studies exploring associations between trauma and 
return to work are possible36, 44, 129. The most noteworthy finding was the strong association 
between sick leave before and after trauma. This might reflect the fact that post-injury sick 
leave not only is connected to the specific traumatic event, but rather is associated with 
several factors such as working conditions, socioeconomic factors and residency that in 
different ways influence the risk of long-term sick leave33. 

In study II, we propose two prognostic models for predicting long-term morbidity defined as 
full-time sick leave one year after trauma among trauma survivors. Prediction models cannot 
determine whether an individual will develop a particular state or disease but can be useful in 
identifying groups of individuals at increased risk of a particular outcome, for example future 
sick leave. This gives the clinician a chance to implement prophylactic measures. Variables 
were entered into the model if they were potentially causative or known to be associated with 
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risk of sick leave130. Trauma-related parameters as well as non-trauma related factors 
including socioeconomic factors were assessed in the model building.  

The initial comprehensive predictive model included nine predictors and demonstrated an 
AUC of 81 % and showed excellent discrimination and very good calibration. The inclusion 
of the injury-related parameter ISS was expected given the known association with conditions 
that demonstrate significant long-term morbidity, whereas the prognostic value of initial GCS 
appears inconsistent in previous studies47, 131. ICU admittance, hospital length of stay and 
discharge destination reflect the overall response to the injury. As in study I, non-trauma 
related parameters were even more important and age, psychiatric comorbidity, level of 
education and pre-injury sick leave were included as predictors. Low socioeconomical status 
and psychiatric disease have been discussed previously and are associated both with 
increased risk of becoming a trauma victim as well as increased risk of sick leave125, 130. Pre-
injury sick leave was strongly associated with prolonged sick leave in study I and was 
included as a predictor also in the comprehensive model in study II.  

Furthermore, a less complex, simplified model was developed with the ambition to be useful 
bedside including only parameters easily accessible already at discharge. The simple model 
included seven parameters and performed less well, but surprisingly good. The two different 
prediction models might be useful in clinical treatment decisions and may aid physicians 
when allocating scarce medical resources for future follow up, intensified rehabilitation or 
establishing contact with the social security agency already at discharge. Future external 
validation in other datasets of these models is necessary before clinical use. 

6.2.3 Opioid use after trauma and intensive care 

Opioids are derived from, or a synthetic version of, opium. Evidence of any long-term use is 
limited and instead there is evidence of adverse effects for anything but short-term treatment. 
No randomized controlled trials have been performed exploring the effectiveness of opioids, 
and even though they are commonly used when treating moderate to severe pain, the misuse 
of prescription opioids is frequent. In the U.S. and Canada, opioid misuse has turned into a 
serious crisis over the last years, but also countries outside North America are facing 
increased problems with opioids132. Most trauma victims and intensive care survivors report 
pain both at discharge and for many years after discharge29, 133 and a majority of ICU and 
trauma patients receive opioids for pain management or as part of a sedation regimen134. The 
fact that pain should be treated is self-evident. The question is how to prescribe responsibly 
and for how long? The magnitude of long-term use of opioids after trauma and ICU care is 
not fully investigated, neither is the possibility of trauma and ICU care being gateways to 
future opioid misuse.  

In study III, trauma patients used more opioids before and after trauma compared with 
matched controls, possibly explained by differences in prevalence of comorbid psychiatric 
illness125, 135, substance abuse61, lower socioeconomic status and somatic comorbidities. 
Opioid use increased after trauma despite the high baseline use, but this finding was 
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somewhat expected given tolerance development and subsequent dose-escalation. However, 
the additional increase in their opioid use for three calendar quarters following trauma is 
beyond the point where opioids should have been tapered and discontinued at least back to 
their own pre-injury baseline.  

In study IV, no matched controls existed, but ICU patients used more opioids both before and 
after ICU admission when compared with data from the general population136, 137. Intensive 
care is complex given the heterogenous group of patients admitted, and the high baseline 
consumption might be explained by medical conditions known to be associated with 
increased opioid use138. Furthermore, similar to trauma patients, ICU patients also have a 
high prevalence of comorbid psychiatric illness and substance abuse139. The mean opioid 
consumption was increased for more than 24 months after ICU admission compared with 
baseline levels 9-12 months before admission indicating an even greater concern that opioids 
are being used in a way not supported by evidence. One possible explanation is the fact that 
most ICU patients report pain for several years after discharge, a well-known risk factor for 
chronic opioid treatment73. 

Interestingly, in the subset of patients without opioid exposure six months prior to trauma in 
study III, findings were similar indicating that the study not only describes individual with an 
ongoing misuse of opioids already before the trauma. The same findings were evident in 
Study IV where mean opioid use was substantial during the follow-up period of two years 
also for individuals without previous opioid use. 

Risk factors for chronic opioid use in both study III and IV included being older and female 
sex where other reports demonstrate similar associations for age but contrasting results for 
sex140-142. Comorbid psychiatric illness was associated with long-term use of opioids in both 
studies, a patient group with a known increased likelihood of heavy opioid utilization even 
without injury or hospitalization135. Surprisingly, and as opposed to previous studies, having a 
substance use disorder was only associated with chronic opioid use in the univariate, but not 
in the multivariable analyses. Pre-injury opioid usage was strongly associated with chronic 
post-injury use of opioids in study III and IV, a recognized risk factor for chronic opioid 
usage60, 137. This has been demonstrated in other trauma populations60, and especially in 
orthopedic settings59 supported by the fact that severe injury to the legs had the strongest 
association with chronic opioid use in study III. In addition, chronic opioid users after both 
trauma and ICU care had lower socioeconomic status143. In study III admittance to ICU was 
associated with chronic use and in study IV increasing ICU length of stay had the same 
effect. 

Both in study III and IV, long-term opioid use was associated with increased risk of death 6 – 
18 months after trauma and ICU admission respectively. Previous studies show that trauma 
survivors have an increased mortality for several years following trauma, partly because of 
substance abuse and opioid use might be part of that finding17. Several plausible mechanisms 
for an increased mortality for opioid users have been presented in previous studies such as 
increased risk of stroke144, cardiac events69 and overdose67, but also delirium, constipation 
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and respiratory depression145, 146. Interestingly, HR was even greater in the subset of patients 
without exposure to opioids preceding ICU admission in study III and IV. A finding in 
contrast with previous studies where the risk of death was higher among chronic users 
compared to opioid naïve patients147, 148. 
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7 CONCLUSIONS 
Trauma patients have more sick leave compared to matched controls both before and after 
injury. The difference is maximal early after trauma and sustained during follow up. Being 
older, low level of education, psychiatric comorbidity, pre-injury sick leave, injury severity, 
spinal injury, low GCS at admission, hospital length of stay and discharge to other destination 
than home are all associated with full-time sick leave one year after trauma. 

Predicting long-term morbidity using sick leave as a proxy for morbidity is feasible and has a 
good predictive accuracy. Predictors for sick leave following trauma include both factors 
related to the trauma and host factors. Prediction models might help identifying individuals 
with high risk of sick leave and may be used when allocating resources for future follow-up. 
External validation is necessary in order to evaluate generalizability. 

Exposure to trauma is associated with chronic opioid use and injured patients use more 
opioids both before and after injury compared to matched controls. Trauma as well as non-
trauma-related factors are associated with chronic opioid use. Individuals with chronic post-
traumatic use of opioids have an increased risk of death. The same findings are noted for 
individuals not using opioids before trauma. For chronic opioid users dying, cardiovascular 
events were the most common causes of death.  

Mean opioid consumption is increased two years after ICU admission despite lack of 
evidence for long-term use of opioids. Being older, female sex, prior opioid use, surgery and 
ICU length of stay were among risk factors for chronic opioid use. The same applied for 
individuals not using opioids before admission to critical care. Chronic opioid users had an 
increased risk of death. 
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8 POINTS OF PERSPECTIVE 
With improved survival after trauma and critical care, long-term sequelae and morbidity 
become more important. The question remains how to best describe and quantify long-term 
morbidity and needs to be studied further. As of today, there is no method for selecting 
patients for follow-up after traumatic injury. By implementing the use of sick leave as a 
proxy for long-term morbidity and utilizing the prediction models developed in this thesis, 
high-risk cohorts of patients can be identified. Hopefully, this can lead to a better selection of 
patients that may benefit from follow-up and enabling resources to be concentrated on these 
individuals. The prediction instruments need external validation before use. 

Many authors agree on the fact that more effort must be put in preventing opioid misuse and 
several suggestions have been presented on how to decrease opioid use, but so far these 
efforts do not seem to have slowed the negative effects and adverse outcomes. Awareness of 
prolonged use of opioids should be part of follow-up after traumatic injury and intensive care 
but is not regularly performed in current systems. With the identification of high-risk patients, 
interventional studies can be performed with the potential to improve patient outcomes by 
implementing early interventions.
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