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ABSTRACT  

Introduction Bone fractures are a major global health concern. Osteoporotic fractures affect the elderly, 

and high-energy fractures are common among children and young adults. Europe and the USA have 

higher fracture rates than Latin America, Africa, and Asia. Norway has one of the highest rates of 

fractures. Country of origin and an initial fracture are known factors that could lead to subsequent 

fractures. It is unclear whether individuals from non-Norwegian backgrounds face the same risk of 

recurring fractures as Norwegians. This study aimed to assess the risk of subsequent fractures in 

patients with an index forearm fracture by country of birth. 

Methods Data on forearm fractures treated in Norwegian hospitals from 2008 to 2019 were collected 

from the Norwegian Patient Register. Index forearm fractures were identified by the ICD-10, S52, 

whereas subsequent fractures included any ICD-10 fracture codes. Information about the country of 

birth was obtained from Statistics Norway. Age-standardized incidence rates were calculated by dividing 

the number of fractures by the years at risk after the initial fracture using direct standardization. The 

data underwent analysis through Cox proportional hazard regression. From the models, age-adjusted 

hazard ratios and corresponding 95% confidence intervals (CIs) were determined. 

Results Out of 143,476 forearm fracture patients, 35,361 experienced a second fracture of any type. The 

entire cohort of patients with forearm fractures encompassed a total of 767,531 person-years. Within 

this population, the overall incidence rate (IR) of subsequent fractures was 461 per 10,000 person-years. 

Women born in Norway had a high IR of recurrent fracture (IR 516 per 10,000 person-years). 

Norwegian-born individuals had a higher risk of subsequent fracture than most other regions of birth. 

However, the reported IRs of subsequent fractures were high compared to previously reported overall 

fracture rates, irrespective of birth category. Among individuals aged 18–44, there was no significant 

difference in the risk of subsequent fractures across various categories based on the country of birth. 

Forearm fractures were the most common type of fracture in all ethnic groups. 

Conclusion Individuals born outside Norway had a 0–37% lower risk of a recurrent fracture than 

Norwegian-born patients. The risk of subsequent fractures increased with age in all groups. The 

observed rate of recurrent fractures surpasses the general fracture rate for people of the same age in 

Norway. This indicates that patients with an index forearm fracture face a higher risk of sustaining new 

fractures compared to those without prior fractures. This study suggests providing secondary fracture 

prevention strategies to all patients with forearm fractures, regardless of their place of birth. 
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BACKGROUND 

In my capacity as a member of the medical community, I have always entertained the idea of 

helping people live freely and healthfully. To consider this long-term ambition, I decided to do research 

on common and important health complications. During my master's degree, I realized that bone 

fractures represent a critical global health issue and they are more common in Europe and the USA than 

in other parts of the world, with Norway experiencing significantly high rates (1, 2). Also, recent reports 

show an increase in fracture risk in Asian countries, including my country of birth (3, 4). However, the 

reasons behind this increase remain unclear.  

This encouraged me to focus my master's thesis on fracture risk. Specifically, I got motivated to 

study the subsequent fracture risks among individuals residing in Norway and investigate whether 

individuals with non-Norwegian backgrounds have the same risk of subsequent fractures as the general 

Norwegian population. 

This thesis is part of a larger project, the NoFRACT project: Norwegian Capture the Fracture 

Initiative. The NoFRACT project is a multi-center study concentrated on preventing secondary fractures. 

In the NoFRACT study, many dedicated nurses, physicians, and scientists worked, registered, and 

followed the fracture patients. The primary goal of the NoFRACT study is to assess the effectiveness of 

an intervention involving the implementation of a standardized program for evaluating and treating 

bone fragility in patients who have fractured and received fracture liaison services (FLS). The FLS are 

strategically designed to prevent subsequent fractures and enhance the overall scope of preventive 

interventions (5, 6). 

In this cohort study, data from the Norwegian Patient Registry, the National Population Registry, 

and Statistics Norway were combined. I have accessed the data used in this thesis project via the TSD 

system and through working with my supervisors, who are members of the NoFRACT study. 

With the guidance of my supervisors, we devised a research focus on forearm fracture patients 

from different ethnic backgrounds, examining their recurrent fracture risk. This choice was informed by 

the fact that forearm fractures rank among the most common types of fractures observed in Norway. 

This thesis aims to investigate the association between country of birth and recurrent fracture risk in 

forearm fracture patients living in Norway. It also aims to calculate the incidence rates of subsequent 

fractures among individuals from different countries of origin. The thesis consists of a paper that is to be 

submitted to Osteoporosis International, a level 2 journal with a relatively high impact factor.
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CHAPTER 1: INTRODUCTION  

Scandinavian countries are considered to have high rates of bone fragility, osteoporosis, and 

osteoporotic fractures. Norway also has the highest rates of bone fractures in the world (7, 8). Fractures 

are a global health problem that leads to a variety of clinical, social, and economic complications and 

affects populations and societies (9, 10). As the population ages and the number of older people 

increases in the future, the risk and rate of fractures and their associated health and socioeconomic 

burdens will increase (11). Fractures are associated with a significant burden of complications, including 

pain, loss of function, hospitalization, and long-term care (12, 13). Research into the epidemiology of 

osteoporosis and fractures is critical for targeting those at risk and improving treatment. 

1.1 Osteoporosis 

1.1.1 Osteoporosis definition 

Osteoporosis is one of the most common metabolic and systemic skeletal diseases. It is caused 

by an imbalance of bone resorption and bone remodeling (14) and is characterized by decreased bone 

quality and a lower density of mineralized bone, leading to bone fragility and low bone strength. This in 

turn leads to chronic pain and a high risk of osteoporotic and low-energy fractures (15, 16). 

Osteoporosis is becoming an increasing burden on healthcare and healthcare systems around the world 

(17). 

1.1.2 Epidemiology of Osteoporosis 

According to global studies, over 200 million people have osteoporosis, and almost 70% of 

people over 80 years old are affected. Globally, approximately 16% of young women have low bone 

mass and 0.6% have osteoporosis, while in developed areas, 2% to 8% of men and 9% to 38% of women 

experience osteoporosis (18-20). According to estimates, 10 million Americans over the age of 50 have 

osteoporosis, and an additional 34 million are at risk for the condition (21). 

1.1.3 Diagnosis of Osteoporosis 

The diagnostic criteria for osteoporosis are based on the measurement of bone mineral density, 

known as dual-energy X-ray absorptiometry (DXA), established by the WHO (22, 23). Low bone mineral 

density (BMD) can lead to bone fragility and osteoporosis (24). A dual-energy x-ray absorptiometry scan 

measures BMD, which is expressed as the t-score and the z-score (25). The t-score is the difference 
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between the patient’s bone mineral density and the mean bone mineral density in young adults. It is 

measured in standard deviations. According to the WHO, normal bone mineral density in women is 

defined as a t-score that is within one standard deviation of the young adult mean. Values between 

minus 1 and minus 2.5 can be defined as osteopenia, while values below minus 2.5 indicate a diagnosis 

of osteoporosis (25, 26).  

1.1.4 Primary osteoporosis  

There are two different categories of osteoporosis: primary and secondary osteoporosis. 

Primary osteoporosis is the most common form of the disease and includes postmenopausal 

osteoporosis and senile osteoporosis (27). Postmenopausal osteoporosis, which is common in women, is 

associated with a physiological process in bone in which the loss of estrogens and androgens leads to 

increased bone turnover, with more bone resorption than bone formation and a predominance of loss 

of trabecular bone compared with cortical bone (16, 27, 28). Senile osteoporosis, which occurs in both 

men and women, is a result of age-related bone loss. It is caused by the loss of stem cell precursors, with 

the loss of cortical bone predominating (16, 28). 

1.1.5 Secondary osteoporosis 

Secondary osteoporosis is more common in men and may occur after medical problems such as 

hyperparathyroidism, anorexia, and malabsorption or medications such as corticosteroids and 

antiepileptic drugs. These causes negatively affect the achievement of maximum bone mass and bone 

health and also contribute to bone remodeling and bone fragility (25, 29). 

1.2 Fractures 

1.2.1 Fractures definition 

A bone fracture is a break or crack in a bone caused by a direct or indirect force when the force 

applied to the bone is greater than the stress that the bone can structurally withstand (30). 

1.2.2 Osteoporotic fractures 

Osteoporotic fractures are fractures caused by osteoporosis in which the bone structure is 

damaged to such an extent that the bone becomes fragile and prone to fracture. Fragility fractures, 

often resulting from low-energy trauma, constitute an important public health problem, especially 

among the elderly, and lead to substantial pain and suffering for patients and substantial costs to society 

(1, 31). 
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Low-energy fractures occur after falling from a non-elevated standing or sitting position or from 

natural or physiological pressure on weakened bones, and they are more common among the very 

active young and the elderly (29, 32). Other causes of low-energy fractures are malignancy, 

inflammation, overexposure to vitamin A, Brucellosis, and osteodystrophy due to chronic renal failure 

(32). The most common osteoporotic fractures include fractures of the forearm, hip, and spine (33, 34). 

1.2.3 Epidemiology of Osteoporotic Fractures 

It is documented that the risk of osteoporotic fractures is generally higher in women than men 

and increases with age (35). Worldwide, approximately 9 million osteoporotic fractures happen per year 

(19). The prevalence of fractures is higher in high-income countries than in low- and middle-income 

countries. A total of 50% of women and 20% of men in high-income countries experience osteoporotic 

fractures in their lifetimes (1, 36). It is estimated that approximately 2.7 million fragility fractures occur 

annually in Europe, resulting in direct costs of 36 billion euros (37). 

1.2.4 High-trauma fractures 

High-trauma fractures, as opposed to fragility fractures or low-trauma fractures, are brought on 

by car accidents and falls that are higher than standing height (38). Also, high-energy trauma from sports 

and incidents involving vehicles is more likely to cause fractures in children, adolescents, and young 

adults, mainly men (39-41). Some studies also reported that high-trauma fractures are associated with 

low BMD, thereby increasing the risk of skeletal fragility and recurrent fractures in later life (38, 42, 43). 

1.2.5 Epidemiology of high-trauma fractures 

In contrast to osteoporotic fractures, the risk of high-energy fractures is higher in men than 

women. According to an American study, high-trauma fractures accounted for more than twice as many 

fractures overall in men 65 or older (21%), compared to older women (9%) (38). It is also documented 

that almost one-third of children sustain at least one fracture before 17 years of age (41, 44). 

1.2.6 Diagnosis of fractures 

A fracture is identified through a physical examination and imaging studies; such as X-rays or CT 

scans. Using imaging testing, the doctor can precisely identify the fracture's site and nature (45). The use 

of ultrasound for the detection of fractures, particularly pediatric fractures, has grown recently because 

of the advantages of reducing radiation and also because of the diagnostic difficulties for plain X-rays 

generated by the cartilaginous elements of the immature pediatric skeleton (46). 
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1.2.7 Distal forearm fractures 

One of the most common fractures, both in children and adults, is a forearm fracture, also 

known as a wrist fracture. The spectrum of forearm fractures includes isolated radius and ulna fractures, 

combined fractures, Galeazzi fractures, and Monteggia fractures (47). Among all types of forearm 

fractures, the most common one is a fracture at the distal radius, or ulna (32.9%), and the least common 

site is the proximal region (2.8%) (48, 49). 

Forearm fractures have a higher incidence rate in the pediatric population than adults, and in 

the USA, the annual incidence rate is around 1 in 100 children (48, 49). The rates of forearm fractures 

are high in Scandinavian areas compared to other countries, with about 15,000 occurrences of wrist 

fractures in Norway (8). 

Forearm fractures may occur after low-energy or high-energy trauma, and falling on an 

outstretched hand is considered the most common cause of forearm fractures (50). Also, motor vehicle 

accidents, falls from a height, and sports injuries are other causes of this type of fracture (51). Studies 

show that people who have had a distal forearm fracture are more vulnerable to a subsequent forearm 

fracture or any other type of fracture (52). 

1.2.8 Other types of fracture 

Hip and vertebral fractures are also common types of fractures in society, which require 

emergency and orthopedic teams (33, 53). Hip fractures are more common among the elderly 

population as a result of a fall. Elderlies are exposed to multiple risk factors for fractures, such as age-

associated reduced bone quality. Hip fractures that occur among younger adults are often caused by 

high-energy trauma or accidents (53, 54). 

It is estimated that the global number of hip fractures will increase from 1.26 million in 1990 to 

4.5 million by the year 2050 (34). The Centers for Disease Control and Prevention of the USA have 

published that over 300,000 elderly people in the USA, over the age of 65, are hospitalized for hip 

fractures annually (55). Additionally, the number of osteoporosis-related fractures in the United States is 

expected to triple as the population ages (56, 57). Scandinavian countries are also among the high-risk 

areas for hip fractures. Norway has the highest rates of hip fractures worldwide, and about 9,000 hip 

fractures occur each year in Norway (58). 

Vertebral fractures can occur in the mid-thoracic or thoracolumbar sections of the spine after 

falling, lifting heavy things, or, in 50% of cases, without a traumatic event (59). Rest and medication can 
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help mend minor spine fractures, but surgery to straighten the bones may be necessary for more serious 

fractures. Untreated spinal fractures can result in irreversible spinal cord injury, nerve damage, paralysis, 

and an increased mortality risk. Vertebral fractures can have a catastrophic impact on a patient's health 

and quality of life (60). 

More than 1.5 million Americans are affected by vertebral fractures each year, with 10.7 per 

1000 women and 5.7 per 1000 men (61, 62). Scandinavian regions seem to have higher rates of 

vertebral fractures than other nations (63). The frequency of vertebral deformities in Oslo residents 

aged 50 to 80 years was 19.2% in women and 15.7% in men, according to the European Vertebral 

Osteoporosis Study (EVOS) (64). 

1.3 Consequences of fractures 

Fractures negatively affect the quality of life and health of individuals and the economic costs of 

society (65, 66). Decreased mobility, facing difficulties in working life and social activities, long-term 

performance decline, and increased mortality risk are important consequences of fractures in general 

(67-70). Disability and comorbidity caused by fractures increase the need for nursing homes and the 

burden of healthcare costs (70, 71). 

Studies have shown that osteoporotic hip fractures are linked to a higher risk of coronary heart 

disease and are associated with 10–20% mortality during the first year after the fracture (72). A research 

conducted in Norway, involving nearly 80,000 patients who experienced their first hip fractures, found 

that the greatest increase in mortality rates happened within the initial two weeks following the 

fracture. While the excess mortality decreased over time, it remained higher than normal for more than 

a decade after the fracture. The study revealed that within the first year after a hip fracture, the 

mortality rate was approximately five times higher for men and three times higher for women compared 

to the general Norwegian population. Additionally, regardless of the time interval after the incidents, 

men consistently had a higher excess mortality rate than women (69). Almost half of the patients 

sustaining hip fractures experience physical difficulties and disabilities (73). 

A meta-analysis in 2010 reported that women and men with a hip fracture may have a 5- and 8-

fold increased risk of dying from any cause within the first 3 months after the fracture, respectively (74). 

It is estimated that only 33% of old women who sustain a hip fracture can return to independence (25), 

and nearly one-third need nursing at home after hospital discharge (75). Furthermore, the economic 
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burden of fractures is high, as osteoporotic fractures cost the US healthcare system approximately $17 

billion each year, and it is predicted that the cost will rise to $50 billion by the year 2040 (76). 

1.4 Risk factors for fractures 

1.4.1 General risk factors for osteoporosis and fractures 

There are a wide range of risk factors contributing to fractures. The most important ones are 

sex, age, nutritional status, genetics, obesity, family history of fracture, physical activity, calcium and 

vitamin D deficiencies, bone fragility, osteopenia, menopause, smoking, some medications such as 

corticosteroids, antiepileptic medicines, and cancer medications, and some diseases, like rheumatoid 

arthritis (7, 77-79). 

The risk of fracture is high in the following groups: elderlies, women, smokers, individuals with a 

prior history of a fracture, those who use corticosteroids, people with a high intake of alcohol, and those 

with low BMD and symptoms of secondary osteoporosis. Factors affecting the risk of falls are also 

contributing to fractures (14, 25, 80). 

Contingent to normal bone structure, BMD predicts bone strength; a low BMD level contributes 

to bone fragility and defines osteopenia and osteoporosis. Therefore, there is a strong association 

between the probability of fracture and the BMD level (23, 24, 77, 79). Moreover, some studies indicate 

that country of birth and/or ethnicity can also represent a risk factor for fracture (81). Bone mineral 

density, bone microarchitecture, bone strength, and factors related to the risk of falling vary in 

populations in different geographical areas, probably due to both genetic and environmental causes (82, 

83). 

 

Figure 1.1 Risk factors for osteoporosis and associated fractures. Certain risk factors can disrupt the natural remodeling process, 

potentially leading to the development of osteoporosis (84) 
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1.4.2 Geographic and ethnic differences in fracture risk 

Some studies have been carried out to measure the risk of fractures among people of different 

ethnicities, which have revealed that the incidence rate and risk of fractures vary considerably between 

people in different regions in the world, with higher occurrences in developed countries such as 

Northern America and Northern Europe compared to developing countries like Asia, Latin America, and 

Africa (1-3). In comparison to other Asian nations, Taiwan, Japan, Singapore, Kuwait, Iran, and Oman are 

categorized as high-risk countries for fractures (3, 4). 

The low incidence rate of fracture in Africa and most of Asia might be explained by several 

reasons, including genetic and biologic variation in the skeleton, shorter life expectancies, and physical 

activity levels (2, 85). According to studies, people of different ethnicities have diverse bone macro- and 

microstructures; Chinese and Africans have more strong bone architecture (85), and different bone 

geometry (86). 

However, the world's population demographics are changing, with more adults residing in Asia, 

which results in an increase in fractures in this area, and it is predicted that by 2050, half of all hip 

fractures will be sustained in Asia (2). Furthermore, population growth is high in the Middle East, Central 

and East Asia, and Latin America. These countries are anticipated to account for more than 70% of the 

6.26 million hip fractures predicted by 2050 (87). 

People of different genetic backgrounds living in the USA also have different risks of 

osteoporosis, as black men and women have less osteoporosis compared to white residents, but those 

diagnosed with osteoporosis have similar fracture risks (57, 88, 89). 

In Europe, there is a north-south gradient in the risk of fracture; prevalence and incidence rates 

of fractures are higher in North and Nordic countries than in other parts of Europe (2, 35). A study in 

Sweden reported that the average fracture incidence in this country was 1,229 per 100,000 individuals 

per year (90). 

In Norway, between 1999 and 2008, there were a total of 93,123 hip fractures reported in 

individuals aged 50 years and above. Among these hip fracture patients, 71% were women (91). 

According to a Norwegian research, there were 9182 hip fractures on average annually in Norway 

between 2002 and 2013. The age-standardized rate of hip fractures per 10,000 person-years varied 

throughout counties, ranging from 34 to 41 for men and from 69 to 84 for women. Women living in Oslo 

had the greatest rate of hip fractures (92).  
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It is documented that latitude, sun exposure, and vitamin D play a role in fracture risk (93, 94). 

Also, research conducted in Sweden found that areas located at higher latitudes experienced higher 

incidence rates of hip fractures (95), but some studies in Norway reported an opposite trend in fracture 

risk within the country, as higher incidence rates of hip fractures have been observed in residents in 

Oslo compared to other parts of the country with a higher latitude (92, 96, 97). 

The reasons are not completely understood, but genetic and environmental differences are 

likely to influence the risk of fractures since these two causes can affect BMD, bone strength, the rate of 

bone loss, and factors related to the risk of falling, but none of these factors can explain the differences 

in fracture risk alone (82). 

1.4.3 Migration and fracture risk 

Migration may have an influence on health in many ways, and the effect of migration varies 

among different immigrant groups. Generally, over time, it is seen that the risk of disease among 

immigrants assimilates to the population that they immigrate to. Swedish studies reported that 

immigrants typically experience a lower risk of fractures compared to the native population (98-100), 

but second-generation immigrants in Sweden were shown to have a comparable incidence of 

osteoporotic fractures (first fractures) as Swedish natives did, suggesting that lifestyle and 

environmental variables may be the main contributors to the risk of fractures in Nordic countries (101). 

 

Figure 1.2 Hip fracture rates for men and women in different countries of the world categorized by risk. Countries are color-coded 

red (annual incidence >250/100,000), orange (150–250/100,000), or green (<150/100,000) (3) 
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1.5 Recurrent fracture risk 

Studies show that the risk of recurrent fractures after any previous fractures is high among both 

men and women and increases with age (102-105). The skeletal site of the initial fracture may also affect 

the risk of a subsequent fracture (106, 107). The negative consequences of recurrent fractures are even 

more than an initial fracture; for instance, the Framingham Heart Study in the USA studied the mortality 

risk after fractures, demonstrating that the mortality rate after one year of the first hip fracture was 

15.9%, while the mortality rate after one year of the second hip fracture was 24.1%; the results were not 

adjusted for age (108). 

The risk of experiencing a recurrent hip fracture varies from 2% to 20% in different studies (102, 

109, 110). The Tromsø study in Norway included 3108 individuals with a first fracture after the age of 49. 

The outcome showed that the risk of sustaining a recurrent fracture increased with age, from 9% to 30% 

for women and 10% to 26% for men. The findings also showed that 26% of women and 18% of men over 

the age of 80 with any prior fractures sustain a subsequent fracture, regardless of their high mortality 

risk (104). 

An Australian study examined the risk of a second fracture following a low-energy fracture with 

The International Classification of Diseases, 10th Revision (ICD-10) codes S22-S82—fractures of the 

rib(s), lumbar spine, shoulder, and upper arm, forearm, wrist, femur, hip, and lower leg—and found a 

cumulative incidence of 7.1% at one year and 13.7% at five years for women, and 6.2% at one year and 

11.3% at five years for men (111). Furthermore, a study conducted in Canada found that children aged 0 

to 15 who experienced a fracture as youngsters had a higher probability of experiencing a recurrent one 

in the future than those who did not sustain a fracture (42). 

The risk of subsequent fractures following the initial fracture decreases over time (112, 113). A 

retrospective cohort study in the USA studied women over 65 with a fracture, regardless of fracture site 

except the skull, face, fingers, toes, patella, sternum, scapula, or ribs, in order to examine the risk of 

recurrent fractures. The study indicated that 10%, 18%, and 31% of women fractured again within 1, 2, 

and 5 years of the first fracture, respectively. 35% of second fractures occurred in the first year after the 

previous one. Also, among all subsequent fractures, the risk of hip fracture within 1, 2, and 5 years 

following any initial fracture was 2.4%, 4.8%, and 10.2%, respectively (112). Additionally, a study 

conducted in Sweden revealed that women who have experienced an osteoporotic fracture in the past 

face a higher risk of suffering another fracture, especially within the initial 24 months after the initial 

fracture (114). 
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A meta-analysis conducted in 2004, involving 15,259 men and 44,902 women from 11 cohorts, 

found that individuals with a history of previous fractures had a significantly higher risk of any fracture 

compared to those without prior fractures (Relative Risk = 1.86; 95% Confidence Interval = 1.75–1.98) 

(102). A recent meta-analysis of 46 cohorts in 32 countries also found that a previous fracture 

significantly increased the risk of sustaining a subsequent fracture but that the risk decreased slowly 

over time. The study also reported that a prior fracture was linked to a significant increase in the risk of 

mortality in both women and men (113). 

1.6 Rationale for the project 

Forearm fractures are the most common type of fracture in Norway, and the overall incidence 

of forearm fractures in Norway is higher than in other countries (8). Several prior studies have 

concentrated on hip fractures since these fractures are easier to study in register-based data, as hip 

fractures are surgically treated in hospitals and are more likely to be registered, at least in Western 

Europe (115). In contrast, forearm fractures can be treated in both primary and specialist care and, 

depending on severity, can be treated either conservatively (often in emergency units) or surgically in 

hospitals. Forearm fractures are therefore more difficult to investigate due to the variety of treatments 

available. 

Any form of prior fracture at any age is linked to a significant risk of recurrence. Previous studies 

highlighted the need for timely management to control and reduce the risk of subsequent fractures 

(102-104). Compared to studies of first fractures, there is less research focusing on subsequent fractures 

among immigrant populations. 

The population of immigrants in Norway is growing continuously (116). The total and first 

fracture risk have been found to be lower in immigrants (8, 117), but it is not known whether recurrent 

forearm fracture risk varies by country of birth in a high-risk population like Norway. Although it is well 

documented that a previous fracture increases future fracture risk (102), it is important to know to what 

extent this applies to all groups, irrespective of country of birth. Therefore, it is significant to study the 

role of ethnicity and country of birth on recurrent fracture risk among people residing in Norway. 
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1.7 Aim and Objectives of the study 

1.7.1 Aim 

The overall aim of this project was to study the association between country of birth and the risk 

of recurrent fractures in individuals living in Norway with a first forearm fracture. This might contribute 

to targeting at-risk residents and providing better preventive, diagnostic, and therapeutic interventions, 

as well as decreasing the clinical and socio-economic inequalities of recurrent fractures. 

1.7.2 Primary objectives of this study 

The primary objectives of this cohort study were to: 

1. Estimate the incidence of recurrent fractures in the Norwegian general population over 18 years of 

age. 

2. Estimate the incidence of recurrent fractures among individuals living in Norway aged over 18 and 

born in other European countries and North America. 

3. Estimate the incidence of recurrent fractures among citizens living in Norway aged over 18 born in 

other countries in the world in the four subgroups of Africa, Central and South America, the Middle 

East, and Central and Southeast Asia. 

4. Compare the age-adjusted incidence rates of recurrent fractures in the mentioned populations.  

5. Estimate the incidence of recurrent fractures among the individuals grouped into three different 

groups by age, namely 18–44, 45–59, and 60 and above. 
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CHAPTER 2: MATERIALS AND METHODS 

2.1 Project organization 

This study population consisted of all Norwegian citizens above 18 years of age seeking public 

health care for treatment of a fracture between 2008 and 2019. This project used data from the 

Norwegian Patient Registry and Statistics Norway through the Norwegian Capture the Fracture Initiative 

(NoFRACT) study. 

2.1.1 The Norwegian Capture the Fracture Initiative (NoFRACT) 

The NoFRACT study is a large cross-regional study on prevention of recurrent fractures 

introduced to seven Norwegian hospitals, namely Trondheim, Ullevål, Tromsø, Bergen, Molde, 

Drammen and Bærum. Several nurses, orthopedic surgeons, endocrinologists, rheumatologists, 

scientists and researchers from hospitals and universities in four health regions in southeastern, 

western, central, and northern Norway collaborated in this patient-oriented clinical research project. 

The NoFRACT study is the first fracture liaison services (FLS) study in Norway with a stepped 

wedge cluster randomized clinical trial design and a unique project to investigate and evaluate the 

impact of establishing a standardized intervention program on fracture rates and associated 

comorbidities. Osteoporosis drugs, fall prevention strategies, and lifestyle recommendations are all part 

of the interventions, which also entail thorough follow-up (5, 6). 

2.1.2 Fracture Liaison Services 

A fracture liaison services model of care with a specialized coordinator and a systematic method 

to detect, evaluate, and treat patients with osteoporosis-related fragility fractures has been 

implemented in various locations (118, 119). It has been demonstrated that FLS programs boost 

referrals to bone mineral density (BMD) assessments utilizing dual-energy x-ray absorptiometry for 

osteoporosis screening (119). In a Swedish minimal FLS, the proportion of individuals who received 

osteoporosis assessments rose from 8% to 40%, and the treatment rate rose from 13% to 32%. 

Additionally, compared to individuals who did not receive therapy, those who did had a 51% lower 

chance of recurrence of fractures (120). 

2.1.3 Reference group in the NoFRACT study 

Reference group in the NoFRACT study are Åshild Bjørnerem (project chair), Lene B Solberg 

(project coordinator), May-Britt Stenbro (coordinator of the project nurses), Lars Nordsletten 
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(responsible for the budget which is located at OUS, Oslo), Tone K Omsland (responsible for register 

data), Cecilie Dahl (responsible for data management), Trude Basso (responsible for the project web 

site), Frede Frihagen, Tove T. Borgen, Wender Figved, Erik F. Eriksen, Unni Syversen, Ellen Apalset, Ida 

Lund. 

2.2 Study setting 

Norway is a country in Northern Europe with borders with Sweden, Finland, and Russia. It has 

about 5.5 million inhabitants and is expected to exceed 5.7 million by 2030. Also, life expectancy in 

Norway is among the highest in the world, at about 83 years (81.7 years for men and 84.7 years for 

women) (121). 

2.3 Definition of the outcome - incident fractures 

All types of fractures were defined through standardized ICD-10 codes for diagnosis in the 

Norwegian health care system: The International Classification of Diseases, Tenth Revision (ICD-10): S22, 

S32, S42, S52, S62, S72, S82, and S92, including all subcategories (Table 2.1). Registrations with ICD-10 

codes for follow-up visits were excluded, except for first-time registrations with a code for follow-up 

examination, as some patients with fractures receive initial treatment in primary care (without reporting 

to the NPR) before being referred to a hospital, and consequently, incident fractures are sometimes 

coded as a follow-up visit (122). 

 

Table 2.1 The International Classification of Diseases, 10th Revision (ICD-10) for fractures 

No. ICD-10 Type of fracture 

1 S22.x Fracture of rib(s), sternum and thoracic spine 

2 S32.x Fracture of lumbar spine and pelvis 

3 S42.x Fracture of shoulder and upper arm 

4 S52.x Fracture of forearm 

5 S62.x Fracture at wrist and hand level 

6 S72.x Fracture of femur and hip 

7 S82.x Fracture of lower leg, including ankle 

8 S92.x Fracture of foot, except ankle 
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2.4 Data management 

A thorough data cleaning process was carried out, focusing on rectifying erroneous coding and 

ensuring accurate coding of fracture follow-ups or sequelae. Without this cleaning, these issues could 

have been misinterpreted as multiple fractures. To accommodate multiple registrations for the same 

fracture, a wash-out time of 6 months (within each fracture category) was implemented. The surgical 

code for reoperation was also excluded from records. The algorithm used for defining forearm fractures 

was recently validated and is reported to have a sensitivity of approximately 90% and a positive 

predictive value of 90% (123). 

2.5 Observation time 

The maximum observation time for the study was 12 years, from January 1, 2008, to December 

31, 2019. All individuals who sustained an index fracture of the forearm (any S52 fracture) were included 

in the study and observed for any type of subsequent fracture. Person-time in the analyses was 

calculated as the time from the index forearm fracture to the subsequent fracture or censoring 

(emigration, death, or end of study). 

2.6 Main exposure categories 

Individuals were categorized into six different groups based on assumed geographic similarities: 

Norway, other European countries and North America, Central and Southeast Asia, Africa, the Middle 

East, and Central and South America. Due to relatively few subsequent fractures among populations in 

some areas, individuals were also classified into three main groups, namely Norway, European countries 

and North America, and Other countries. We excluded 990 individuals (0.69% of the total population) 

without information about their country of origin. 

2.7 Sub-group analyses 

The patients were divided into three groups based on age: 18–44, 45–59, and 60 and above, to 

evaluate the risk and incidence rates in different age groups. 

2.8 Statistical analyses 

Descriptive analyses and survival analyses were performed by STATA 16. Age-standardized 

incidence rates (IRs) were computed by dividing the number of fractures by the number of years at risk 
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following the first fracture, using a direct standardization method. This method is employed to compare 

groups with varying characteristics, ensuring adjustments for the differences between the groups and 

enabling a more accurate comparison (124). The figures were reported as the number of fractures per 

10,000 person-years. Cox proportional hazard models were used to calculate the risk of a recurrent 

fracture as a function of country of birth, categorized into the six geographical groups, adjusted for 

differences in age, and stratified by sex. Log minus log curves were evaluated regarding the assumption 

of proportional hazards, and the assumptions were considered fulfilled. The Kaplan-Meier curve is used 

for estimating the survival function based on the time to the occurrence of the fracture. Age-adjusted 

hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) were obtained from the models. 

Two-sided p-values <0.05 were deemed significant. 

2.9 Ethics 

The present study and the linkage of data from the Norwegian Patient Registry (NPR) were 

approved by the Regional Committee for Medical and Health Research Ethics (REC), with application 

number 2015/334 and reference number 26953, and the Directorate of Health, with reference number 

17/25552-37. The University of Oslo performed a Data Protection Impact Assessment (DPIA) in 

accordance with the General Data Protection Regulation. 
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CHAPTER 3: RESULTS 

3.1 Descriptive analyses 

Among the 143,476 individuals with a forearm fracture included in the study, 100,553 were 

women, with a mean age at first forearm fracture of 61 years, and 42,923 were men, with a mean age at 

first forearm fracture of 49.7 years. The age distributions were examined, and no significant differences 

were found between the median and mean age of the forearm fracture. Consequently, the mean age 

was reported (data not shown). 

A total of 127,431, 10,537, and 5,508 people were born in Norway, other European countries or 

North America and Other countries, respectively, with a mean age of 59, 48.6, and 44.3 years at the time 

of the first forearm fracture. Among the individuals born in Other countries, 2,017 were from Central 

and Southeast Asia, 1,514 from Africa, 1,397 from the Middle East, and 580 from Central and South 

America, with a mean age at first forearm fracture of 46.4 years, 41.5 years, 43.5 years, and 45.8 years, 

respectively. 

The total number of person-years for the whole cohort of forearm fracture patients was 

767,531, and the total incidence rate (IR) of a subsequent fracture in the included population was 461 

(95% CI 456-466) per 10,000 person-years. Of the included individuals, 35,361 (24.6%) experienced a 

subsequent fracture of any type, of which 75.4% were women and 24.6% were men. Among persons 

with a second fracture, 32,664 were Norwegian-born, 1,899 were from other European nations or North 

America, and 798 were from Other countries (Table 3.1). 

Table 3.1 Number of individuals aged +18 years in 2008–2019 with first forearm fracture and any types of second fractures 
categorized by country of birth (six groups), mean age of first forearm fracture with 95% confidence interval 

Country of Birth1 First forearm fracture 
(N) 

Mean age (SD) 95% Conf. Interval A second fracture (N) 

Norway 127,431 59.0 58.9 – 59.1 32,664 

Europe and North America 10,537 48.6 48.3 – 48.9 1,899 

Central and Southeast Asia 2,017 46.4 45.8 – 47.1 275 

Africa 1,514 41.5 40.1 – 42.1 229 

Middle-East 1,397 43.5 42.7 – 44.2 189 

Central and South America 580 45.8 44.6 – 47.0 105 

Total 143,476 57.7 57.6 – 57.8 35,361 

1 Obtained from Statistics Norway 
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3.2 Survival analyses 

3.2.1 Subsequent fracture risk according to country of birth 

The IR of subsequent fractures in Norwegian-born women was 516 per 10,000 person-years, 

which was higher than the IRs of most, but not all, other regions of birth categories. Women from other 

European countries or North America had an IR of 406, which was significantly lower than the rate in 

Norwegian-born women. IRs for women born in other countries than Europe and North America ranged 

from 230 per 10,000 person-years in the Middle East to 373 per 10,000 person-years in Central and 

South America (Table 3.2). Subsequent fracture risk expressed as HRs in women born in Central and 

South America and Africa was not significantly different from Norwegian-born women. 

Norwegian-born men had an IR of subsequent fractures at 380 per 10,000 person-years, 

whereas the IR for men born in other European countries or North America was 303 per 10,000 person-

years. The IR for men born in other countries than Europe and North America ranged from 259 per 

10,000 person-years in Africa to 356 per 10,000 person-years in men born in Central and South America 

(Table 3.2). Rates in men from the Middle East and Central and South America were not significantly 

different from the rates in Norwegian-born men. 

The Kaplan-Meier survival curve demonstrated that the highest proportion of recurrent 

fractures was found among Norwegian-born individuals, where about 40% of patients with an index 

forearm fracture sustained a subsequent fracture of any type during the 12 years of follow-up. The 

lowest proportions of subsequent fractures (25%) were observed among people born in Africa, the 

Middle East, and Central and Southeast Asia, whereas the proportions of subsequent fractures in 

individuals from Europe and North America, and Central and South America were medium-high (Figure 

3.1). 

Table 3.2 Number of individuals aged +18 years in 2008–2019 (N), number of second fractures, age-standardized incidence 
rates (IR) per 10,000 person-years, and age-adjusted hazard ratios (HR) of recurrent fracture with 95% confidence interval (CI) 
for the different countries of birth (six groups)–stratified on sex 

 N No. second fracture IR 95% CI HR 95% CI 

Women 100,553 26,654     

Norway 91,409 24,979 516 509-522 1 (Reference) 

Europe and North America 6,007 1,215 406 384-429 0.93 0.88-0.98 

Central and Southeast Asia 1,297 177 249 215-289 0.66 0.57-0.77 

Africa 828 139 320 271-378 0.96 0.81-1.13 
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Middle-East 641 75 230 183-288 0.63 0.5-0.79 

Central and South America 371 69 373 295-472 0.98 0.77-1.23 

Men 42,923 8,707     

Norway 36,022 7,685 380 372-389 1 (Reference) 

Europe and North America 4,530 684 303 281-326 0.85 0.79-0.92 

Central and Southeast Asia 720 98 271 222-330 0.77 0.63-0.94 

Africa 686 90 259 211-319 0.76 0.62-0.94 

Middle-East 756 114 307 255-369 0.88 0.73-1.06 

Central and South America 209 36 356 257-494 1.03 0.74-1.43 

 

 

 

Figure 3.1 Kaplan-Meier survival estimates for the different countries of birth (six groups) 

 

3.2.2 Subsequent fractures according to age 

The incidence rates increased from 280 per 10,000 person-years among Norwegian-born 

individuals aged 18–44 years to 616 per 10,000 person-years among Norwegian-born individuals aged 

over 60 years. Although not significant in all subgroups, subsequent fracture risk tended to increase in 
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most regions of the birth category (Table 3.3). In people aged 18–44, the risk of subsequent fracture did 

not differ significantly between the regions of birth. On the other hand, in people aged 45–59 years, HRs 

were significantly lower than Norwegian figures in all other categories, except for those born in Central 

and South America and Africa. With an IR of 616 per 10,000 person-years, Norwegian-born people over 

60 had a higher IR compared to all other categories, except for those born in the Middle East (Table 3.3). 

Table 3.3 Number of participants aged +18 years in 2008–2019, divided into three age groups (N), number of second fractures, 

age-standardized incidence rates (IR) per 10,000 person-years, and age-adjusted hazard ratio (HR) of recurrent fracture with 

95% confidence interval (CI) for the different countries of birth (six groups) 

 N No. second fracture IR 95% CI HR 95% CI 

Age 18-44 35,547 5,666     

Norway 26,970 4,635 280 271-287 1 (Reference) 

Europe and North America 4,662 644 273 253-295 0.91 0.84-0.99 

Central and Southeast Asia 924 118 238 199-285 0.83 0.69-1.00 

Africa 945 130 260 220-310 0.89 0.75-1.06 

Middle-East 768 94 246 201-301 0.82 0.66-1.00 

Central and South America 278 45 330 246-441 1.13 0.85-1.52 

Age 45-59 37,712 8,688     

Norway 32,795 7,866 407 398-416 1 (Reference) 

Europe and North America 3,115 536 343 315-373 0.85 0.78-0.93 

Central and Southeast Asia 701 95 246 201-301 0.59 0.49-0.73 

Africa 437 79 370 296-461 0.93 0.75-1.16 

Middle-East 465 67 280 220-355 0.71 0.56-0.91 

Central and South America 199 45 447 334-599 1.08 0.81-1.45 

Age +60 71,217 21,007     

Norway 67,666 20,163 616 608-625 1 (Reference) 

Europe and North America 2,760 719 539 501-580 0.92 0.85-0.99 

Central and Southeast Asia 392 62 327 255-420 0.65 0.51-0.84 

Africa 132 20 288 186-446 0.53 0.34-0.82 

Middle-East 164 28 365 252-530 0.71 0.49-1.02 

Central and South America 103 15 309 187-512 0.58 0.35-0.82 
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3.2.3 Types of subsequent fractures 

Forearm fractures were common subsequent fractures in all ethnic groups, whereas fractures of 

the rib(s), sternum, spine, and pelvis were less common. The proportion of hip and femur fractures as 

subsequent fractures varied between 2% in people from Central and South America to 17% in the 

Norwegian-born population (Figure 3.2). 

 

 

 

Figure 3.2 Proportions of recurrent fractures in patients with an index forearm fracture 2008–2019 by country of birth (six 

groups) 
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CHAPTER 4: DISCUSSION 

4.1 Discussion of the main findings 

This study found that Norwegian-born individuals had a higher subsequent fracture risk than 

most patients born outside of Norway. People born outside Europe and North America had either a 

similar risk or a 2-37% lower risk of subsequent fractures compared to those born in Norway. Across all 

ethnic groups, the rates of recurrent fractures increased with age. Among individuals aged 18–44, there 

were no significant differences in the risk of recurrent fractures based on their countries of birth, and no 

statistically significant distinctions were observed. These variations could potentially be attributed to 

limited statistical power. 

Numerous surveys have investigated the global incidence of fractures, particularly among 

elderly people (1, 2, 65, 102, 104). Previous studies have shown that European and North American 

residents have higher incidence rates of fractures compared to individuals from Central and Southeast 

Asia, Africa and Latin America (2, 117, 125). Also, some studies found that the lowest risk of fracture was 

among immigrants from countries in Central and Southeast Asia (117, 125). The present study identified 

a consistent pattern in the subsequent risk of fractures across populations with different countries of 

birth. 

A study in Sweden found that the rate of hip fractures among Swedish-born citizens was about 

two times higher than among immigrants. The research also showed that while the incidence of hip 

fractures increased over time among immigrants, it still remained significantly lower than in the native 

population (99). A Norwegian study, NOREPOS (the Norwegian Epidemiologic Osteoporosis Studies), 

revealed that in individuals with a previous hip fracture, the age-standardized risk of sustaining another 

hip fracture was 2.5 times higher in women and 4.6 times higher in men (126). 

A recent meta-analysis investigated recurrent fracture risk according to race and ethnicity (113). 

The following study included cohorts with more than one race or ethnic group, including: Health ABC 

(Health, Aging and Body Composition) (127), CaMoS (Canadian Multicentre Osteoporosis Study) (128), 

MrOS USA (Osteoporotic Fractures in Men) (129), WHI (Women’s Health Initiative) (130), SOF (Study of 

Osteoporotic Fractures) (131), Manitoba (132), and UK Biobank (133). The study concluded that, except 

in one study, the recurrent fracture risk did not differ significantly by race or ethnicity (113). However, in 

the studies including race and ethnicity, the person-years of follow-up were limited, and the power to 
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detect differences was therefore not optimal. Using register data from an entire country over many 

years, like in the current study, gives an excellent opportunity to investigate differences in recurrent 

fracture risk. Our findings show different recurrent fracture risks among people of different ethnicities, 

despite adjusting for age. 

In a Norwegian study, the overall incidence of distal forearm fractures was reported as 244 per 

100,000 person-years, and these fractures constituted 20% of all fractures (134, 135). If making an 

estimate of the total fracture incidence in Norway based on these figures, it gives a rate of 122 per 

10,000 person-years. The subsequent fracture incidence of 461 per 10,000 person-years observed in the 

current study is 3.8 times higher than the overall fracture estimate, indicating that subsequent fracture 

risk is considerably increased in patients with a first forearm fracture compared to the general 

population without previous fractures. Incidence rates and risk of subsequent fracture after a forearm 

fracture in people from other countries in Europe and North America were lower compared to the 

Norwegian-born population within similar age groups, but the incidence rates among this population 

were considerably higher than the overall fracture estimate. 

4.2 Explanatory factors for differences in fracture risk by country background 

The interactions of factors and mediators contributing to the different risks of subsequent 

fractures among different ethnicities remain not fully understood. Some prior studies have reported 

that there is a connection between high fracture rates and countries experiencing better socio-economic 

advancements, potentially linked to lifestyles characterized by sedentary lifestyles, smoking, and alcohol 

consumption (1). 

Social inequalities might also contribute to increased recurrent fracture risk (136). In immigrants 

in Canada, a higher risk of a subsequent fracture was reported in Afro-Americans compared to 

Caucasians (Afro-Americans: HR=2.43, 95% CI 1.37–3.78 vs. Caucasians: HR=1.57, 95% CI 1.32–1.87) 

(113), possibly due to social inequalities, even though fracture risk is usually lower in Afro-Americans 

compared to Caucasians (89). However, this is a topic which is very complex and needs further 

investigations before any conclusions can be drawn. 

Another possible explanation for the decreased risk of fractures among immigrants is the 

phenomenon known as the "Healthy Migrant Effect." This term describes that migrants from certain 

countries of origin have lower mortality rates compared to the native population in the host countries, 

especially in industrialized areas (117, 137). According to this theory, individuals in optimal health within 
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a population are more likely to migrate, potentially resulting in a better overall health status among 

immigrants when compared to both their country of origin's population and the host population (117, 

137, 138). 

Research indicates that, on the whole, immigrants in Norway exhibit an 11% survival advantage. 

However, specific immigrant groups, such as refugees, may experience higher mortality rates than the 

broader Norwegian population (139). 

Additional factors influencing the variation in the risk of recurrent fractures among different 

ethnic groups are genetic factors and biological differences in skeletal structures (79, 85). Studies have 

shown differences in macro- and microstructures of bones across various races; for example, Chinese 

and African populations tend to have a more robust bone architecture. Chinese women, for instance, 

exhibit a lower risk of hip and distal forearm fractures compared to Caucasians, partly attributed to 

thicker cortices with reduced porosity and smaller but denser and more interconnected trabeculae in 

their bones (85). 

The origins of these bone structural variances are likely associated with the per pubertal period 

(140, 141). Research indicates that peak bone mineral accumulation appears earlier in Asians compared 

to individuals from other regions (142). Additionally, evidence suggests that the onset of puberty, the 

timing of peak height velocity, and the age at menarche occur earlier in Chinese girls compared to their 

white counterparts (83, 143, 144). Estrogen has impact on inhibiting periosteal apposition and 

facilitating epiphyseal closure (145); earlier exposure to estrogen may partially contribute to the 

narrower and shorter appendicular bones with fewer but thicker trabeculae and a thicker cortex 

observed in Chinese women compared to Caucasian women (83, 146, 147). Studies show that circulating 

levels of estrogen, as well as markers of bone formation and resorption, are lower in Chinese compared 

to white women (83, 146, 147). 

Moreover, Caucasians generally have lower bone mineral density (BMD) compared to Africans, 

Hispanics, and Latin-Americans, and the heritability of BMD is estimated to range from 50% to 85%, 

indicating a significant genetic influence on bone density (83, 85, 148). The importance of BMD as a risk 

factor has been frequently debated, and the same is true when it comes to the importance of BMD in 

explaining differences in fracture risk (83). 

Population demographics play a significant role in fracture rates; European and North American 

countries, with larger elderly populations, tend to have higher fracture rates (2). In geographic 
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comparisons of fracture rates, adjustments for age are performed but this does not fully solve the 

problem of differences in life expectancy. However, this trend is more likely to change in the future since 

life expectancy is increasing in Asia and Latin America, leading to a higher fracture risk among these 

populations (149). 

In addition, latitude and environmental conditions can contribute to regional differences in 

fracture incidence (2, 93). Early-life environmental influences have a direct impact on peak bone mass, a 

critical risk factor for childhood bone fractures, osteoporosis, and fracture risk later in life (150, 151). 

Early environmental factors, such as calcium intake and physical activity, have been demonstrated to 

significantly affect peak bone mass development by modulating bone accrual during childhood and 

adolescence (150, 152, 153). Furthermore, environmental influences during intrauterine life may also 

exert a lasting effect on peak bone mass. Some factors such as infant body weight and overall body size 

are likely to have association with bone mineral content in young adults (154, 155). 

Furthermore, it is likely that certain regional disparities can be attributed to variations in the 

proportion of cases that are diagnosed and accurately documented. Another potentially crucial factor is 

the duration of residency in Norway. Unfortunately, our study lacked detailed information regarding the 

length of time individuals had lived in Norway. 

4.3 Significance of studying recurrent fracture risk by country background 

Studying subsequent fracture risks is vital for heightening healthcare by improving treatments, 

targeted interventions, and public health planning (118, 119, 156). Understanding the recurrent fracture 

risks can help healthcare professionals improve treatment methods. Appropriate treatments based on 

the specific risk factors that are prevalent in different populations can better outcomes and reduce the 

risk of future fractures and the associated health problems (156, 157). 

Furthermore, identifying populations with a higher risk of recurrent fractures allows for targeted 

interventions. Healthcare providers can concentrate on prophylactic measures, such as change in 

lifestyle or pharmacological interventions (118, 119). In addition, knowledge about recurrent fracture 

risk in different populations contributes to public health planning. It helps develop policies and 

programs that meet the specific needs of at-risk residents. This can include potential actions on falls 

prevention, osteoporosis management, and access to healthcare services (14, 57, 156). 
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Research on recurrent fracture risk can lead to discoveries of genetic factors, lifestyle choices, 

and medical conditions that can influence recurrent fractures. This knowledge can guide further 

research and lead to the development of new treatments and preventive measures (1, 156). Also, 

studying subsequent fracture risk among different populations can help identify and eradicate inequities 

in the health care system, by ensuring equal and fair access to medical care and support services for all 

citizens, regardless of their backgrounds or demographic characteristics (158). 

4.4 Methodological considerations 

4.4.1 Strengths of the study 

The study's significant strengths are its substantial sample size and the high quality of the used 

data. The research included almost all Norwegian residents who experienced a forearm fracture at the 

age of 18 years or older between 2008 and 2019, excluding only those fully treated in primary care or 

abroad for travel. These participants were monitored for a maximum duration of 12 years. To our 

knowledge, this study marks the first of its kind conducted on such a large scale within the population. 

The data obtained from patient registries contained reliable diagnostic codes and can be linked to other 

data sets through unique and identifiable numbers. This linkage presented a distinctive opportunity for 

comprehensive research analysis. Conducting validation studies is also crucial prior to using register data 

for research purposes. A validation study assessing the accuracy of ICD-10 data and the fracture-defining 

algorithm revealed a positive predictive value and sensitivity of approximately 90% (123). 

4.4.2 Limitation of the study 

Information bias 

It is important to acknowledge that registry data has its limitations. Essential information may 

be lost due to misclassification, missed coding, or changes in coding methods over time (159, 160). 

Nonetheless, data obtained from registries proves highly reliable when standardized algorithms are used 

for quality assurance. Conducting validation studies is crucial prior to using register data for research 

purposes. Forearm fractures in this study were validated before the start of the study (123). 

Selection bias  

However, the number of foreign-born patients was much lower than Norwegian born, leading to 

uncertainties in the estimates. To mitigate this issue, we grouped individuals from Central and Southeast 

Asia, Central and South America, the Middle East, and Africa together and made one group named 
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Other countries, but the overall number in this combined category remained relatively small. Moreover, 

combining people-groups of distinct genetic makeups and environmental influences may mask the 

effects of factors that would otherwise be apparent. 

The study was limited to individuals who sought diagnosis and treatment for a fracture in 

hospitals. It is probable that we may have missed a portion of patients who were only treated by 

primary care providers, which constitutes approximately 5–7% of all forearm fracture patients (122). 

However, according to Statistics Norway, immigrants are more inclined to live in urban areas where 

fractures are typically reported to the National Patient Registry (NPR) than in rural areas. In rural 

regions, patients are more likely to receive treatment from primary care providers without the need for 

hospital referral and fracture code recording, potentially resulting in unrecorded fractures. 

Consequently, there was likely a higher likelihood of missing patients among Norwegian-born individuals 

compared to immigrant patients in this study (122). 

It is possible that certain immigrant groups were not included in the study due to various social, 

political, and cultural obstacles, including language barriers. Additionally, immigrants without a 

Norwegian identification number may have been automatically excluded from the registry. 

It is also possible that we overlooked individuals with fractures sustained abroad. However, 

even these fractures could potentially have been included and recorded if they required follow-up 

treatment in Norway, as we incorporated records with follow-up codes that were unique occurrences in 

the dataset. Consequently, we might have missed more fractures during travel among immigrants, as 

their higher likelihood of traveling compared to the Norwegian-born population. Importantly, these two 

potential biases might counterbalance each other somewhat with regards to the hazard ratio. However, 

it is likely that the rates of recurrent fractures are underestimated in the immigrant population and that 

a proportion of the reported difference is explained by fractures during travel. 

4.4.3 Confounding 

In the current study, we have compared incidences of recurrent fracture, and there were no 

additional confounding factors that we could adjust for. We adjusted for age in our analyses. But age 

might, in addition, be considered a selection bias as there were large differences in the age distribution 

of the countries of birth. This complicated the comparison of fracture risk. Consequently, we conducted 

age-specific analyses within 15-year age brackets to address these complexities. 
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4.5 Generalizability 

This study concentrated on the population living in Norway with different countries of origin. 

The findings are valid in this study setting, which might restrict their generalizability to other immigrants 

residing in other countries. Hence, the conclusions are valid for individuals living in Scandinavian 

countries but might not be directly transferable to other immigrant groups in other countries. 
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CHAPTER 5: CONCLUSION 

In summary, the findings show a variation in the risk of subsequent fractures depending on the 

individual's country of birth. Individuals born outside Norway had a 0–37% lower risk of a recurrent 

fracture than Norwegian-born patients. The risk of recurrent fractures escalated with age across all 

groups, and there was a substantial risk of subsequent fractures within the elderly immigrant 

populations as well as in the Norwegian-born population. 

The observed rate of subsequent fractures in the current study, of 461 per 10,000 person-years, 

is dramatically higher than the general fracture rate in Norway of the same age. This suggests that 

individuals who have experienced a first forearm fracture face a significantly higher risk of subsequent 

fractures when compared to the general population with no history of prior fractures. Understanding 

recurrent fracture risk among diverse populations is vital for improving healthcare services, enhancing 

quality of life, and promoting health equity within communities. 
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CHAPTER 6: IMPLICATIONS FOR FURTHER RESEARCH 

Based on this study, it is not possible to conclude whether the risk of subsequent fractures 

should receive further attention. An important question is whether these differences in recurrent 

fracture risk are clinically relevant, and also whether immigrant patients with a forearm fracture should 

be offered fracture liaison services based on similar criteria that are used for Norwegian-born patients. 

However, there might be subgroups of immigrants who might require special attention, and the focus 

on secondary fracture prevention in all ethnicities is warranted. 

Hence, future studies are needed to investigate any high-risk immigrant subgroups according to 

length of stay in Norway and also determine to what extent the implementation of preventive measures 

such as blood tests and measurements of bone mineral density is useful for estimating the risk of 

osteoporosis and recurrent fracture risk and decreasing the clinical consequences of recurrent fractures. 

In addition, further research should focus on: Does time spent in Norway affect fracture risk? 

How much, if any, of the differences reported can be explained by traveling to the home country? 

Immigrants seem to have a higher future risk of fracture if they have sustained a previous fracture. 

Should fracture prevention programs be the same for immigrants as for Norwegians? Do they need 

special attention because of language barriers, culture, etc.?  

Also, further research is required to investigate second-generation immigrants. Studying this 

group could provide valuable insights into whether environmental factors or genetics play a more 

significant role in fracture risk. Understanding this distinction can greatly contribute to the development 

of effective preventive measures against fractures. 
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Abstract 

Background: Fracture risk is higher in patients with a previous fracture, but it is unknown whether 

recurrent fracture risk differs by country background. The aim of the current study was to investigate 

subsequent fracture risk in patients with an index forearm fracture according to region of birth.  

Methods: Nationwide data on hospital-treated forearm fractures in patients ≥18 years between 2008 

and 2019 were obtained from the Norwegian Patient Register. Index forearm fractures were identified 

by the ICD-10, S52, including all subgroups, whereas subsequent fractures included any ICD-10 fracture 

codes. Information about the region of birth was obtained from Statistics Norway. Age-standardized 

incidence rates (IRs) were calculated as the number of fractures divided by the number of years at risk 

after the first fracture using direct standardization. Age-adjusted hazard ratios (HRs) and corresponding 

95% confidence intervals (CIs) were obtained by Cox proportional hazard regression.  

Results: Among the 143,476 individuals with a first forearm fracture, 35,361 sustained a second 

fracture. The highest subsequent fracture risk was observed in individuals born in Norway (IR 516 per 

10,000 person-years in women and 380 per 10,000 person-years in men), whereas the lowest 

subsequent fracture risk was observed in patients born outside Europe and North America (IR 278 and 

286 per 10,000 person-years in women and men, respectively). Norwegian-born women aged > 60 years 

had the highest IR: 640 per 10,000 person-years, whereas the lowest IR was among women aged 18–44 

born in Other countries, including Central and Southeast Asia, Africa, the Middle East, and Central and 

South America: 226 per 10,000 person-years. Compared to Norwegian-born individuals, the HR of 

subsequent fracture in people born in other European and North American countries was 0.93 (95% Cl 

0.88–0.98) and 0.85 (95% Cl 0.79–0.92) in women and men, respectively. Individuals born in other 

countries had HRs of subsequent fracture of 0.76 (95% Cl 0.70–0.84) in women and 0.82 (95% CI 0.74-

0.92) in men compared to those born in Norway. 

Conclusion: Individuals born outside Norway had a 7–24% lower subsequent fracture risk than those 

born in Norway. The risk of subsequent fracture increased with age in all groups, including the foreign-

born individuals. Consequently, implementing secondary fracture prevention strategies for all forearm 

fracture patients, regardless of their birth country, is advisable. 

Keywords: Forearm fracture, subsequent fracture risk, Country of birth, Ethnicity, Norway 
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Introduction 

Osteoporosis is considered the most prevalent bone disorder in the world. It is a condition with 

reduced bone mass and bone strength and an increased risk of low-energy fractures (e.g., a fracture 

caused by a slip, trip, or fall from standing height) (1, 2). Osteoporotic fractures constitute an important 

public health problem, especially among the elderly. It is documented that 50% of women and 20% of 

men in high-income countries experience one or more osteoporotic fractures during their lifetime (3). 

The most common osteoporotic fractures occur in the forearm, hip, and spine (4). Fractures are also 

common among children, adolescents, and young adults (5). Young adults, usually men, are more likely 

to fracture due to high-energy trauma such as car accidents and sports activities (6, 7). 

Decreased mobility, difficulties in working life and social activities, and increased mortality risk 

are important consequences of fractures in general, and even more so after subsequent fractures (8-10). 

The risk of sustaining a subsequent fracture after any type of previous fracture is high among individuals 

with an initial fracture and increases with age (11-13).  

A previous study from Tromsø, Norway, involving 3108 individuals with an initial fracture after 

the age of 49, studied subsequent fracture by four age groups: 50–59, 60–69, 70–79, and 80 years and 

older, and found that the risk of sustaining a second fracture of any type rose with age. For women, the 

risk rose from 9% to 30% between the age groups of 50–59 and 80+, while for men, it increased from 

10% to 26% during the same age range. Notably, 26% of women and 18% of men over 80 years old 

sustained subsequent fractures, regardless of their increased risk of death (13).  

The increased risk of sustaining a subsequent hip fracture, the most serious type of osteoporotic 

fracture, varies from 2% to 20% in different studies (11, 14, 15). A study conducted in Sydney, Australia, 

examined the risk of subsequent fracture after a low-energy fracture with The International 

Classification of Diseases, 10th Revision (ICD-10) codes S22-S82; fracture of rib(s), lumbar spine, 

shoulder and upper arm, forearm, wrist, femur and hip, and lower leg (16). They found a cumulative 

incidence of 7.1% at one year and 13.7% at five years for women, and 6.2% at one year and 11.3% at five 

years for men (16).  

There are a wide range of risk factors contributing to fractures. The most important ones are 

age, sex, a prior fracture, low bone mineral density (BMD), smoking, nutritional status, and family 

history (17). Studies have shown that childhood fractures are associated with low bone mineral density 



 

46 
 

(i.e., possibly reduced peak bone mass), the risk of skeletal fragility, and future fractures in adulthood 

(18-20). 

Some studies indicate that the country of origin or ethnicity may represent a risk factor for 

fracture (21, 22), but the reasons are not fully elucidated. Bone mineral density, bone microarchitecture, 

bone strength, and factors related to the risk of falling vary in populations in different geographical 

areas, probably due to both genetic and environmental causes, but none of these factors alone can 

explain the differences in fracture risk (23, 24).  

The incidence rates and risk of sustaining fractures vary in different parts of the world, with a 

higher occurrence in developed areas such as Northern Europe and Northern America compared to Latin 

America, Africa, and Asia (25, 26). Among Asian countries, Taiwan, Japan, Singapore, Kuwait, Iran, and 

Oman are classified as high-risk nations for fractures (27, 28). The global demographic landscape is 

undergoing significant changes, particularly in Asia, where the aging population has led to a notable 

increase in the incidence of fractures. Projections indicate that by the year 2050, half of all hip fractures 

globally will be concentrated in Asia (26).  

In Europe, there exists a discernible north-south disparity in fracture risk, with northern and 

Scandinavian countries reporting higher prevalence and incidence rates compared to other regions on 

the continent (26, 29). Previous studies have shown that the incidence rates of forearm and hip 

fractures in Norwegian citizens are among the highest worldwide (25, 30, 31). 

To our knowledge, recurrent fracture risk according to country of origin has not previously been 

studied. The aim of this study was to estimate the association between country of birth and the risk of 

any recurrent fracture in patients with an index forearm fracture in Norway. 

Materials and methods 

Study population and data sources 

This cohort study included all Norwegian residents above 18 years seeking health care for 

treatment of a fracture in the period 2008–2019. Data were obtained from the Norwegian Patient 

Registry (NPR) and Statistics Norway through the Norwegian Capture the Fracture Initiative (NoFRACT) 

study. NoFRACT is a large multi-center study on the prevention of recurrent fractures that uses register 

data to measure the effect of a secondary fracture prevention program (32, 33). 
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Definition of the outcome: incident fractures  

All types of fractures were defined through standardized ICD-10 codes for diagnosis in the 

Norwegian health care system: fracture of rib(s), sternum and thoracic spine (S22), lumbar spine and 

pelvis (S32), shoulder and upper arm (S42), forearm (S52), wrist and hand (S62), hip and femur (S72), 

lower leg, including ankle (S82), and foot except ankle (S92), including all subcategories. We excluded 

registrations of follow-up visits, except for first-time registrations with a code for follow-up examination, 

as some patients with fractures receive initial treatment in primary care (not reporting to the NPR) 

before being referred to the hospital, and consequently, incident fractures are sometimes coded as a 

follow-up visit (34). A wash-out period of 6 months (within each fracture type) was applied to handle 

multiple registrations regarding the same fracture. Records with surgical coding for reoperation were 

also omitted. Our algorithm for identifying forearm fractures was recently validated it has a sensitivity of 

approximately 90% and a positive predictive value of 90% (35). 

Observation time 

The maximum observation time in the study was 12 years, from January 1, 2008, through 

December 31, 2019. All individuals experiencing an index forearm fracture (any S52 fracture) were 

included in the study and followed with respect to any type of subsequent fracture. Person time in the 

analyses was calculated as the time from index forearm fracture to the subsequent fracture or censoring 

(emigration, death, or end of study). 

Main exposures categories 

Individuals were categorized into three main groups of countries of birth: (1) Norway; (2) other 

European countries and North America; and (3) Other countries, including Central and Southeast Asia, 

Africa, the Middle East, and Central and South America. We excluded 990 individuals with missing 

information about their country of origin. The remaining population included in the study was 143,476 

individuals with an index forearm fracture (S52) followed for up to 12 years. The patients were stratified 

according to age: 18–44 years, 45–59 years, and 60 years and older, to study the risk in different age 

groups. 

Statistical analyses 

Descriptive analyses and survival analyses were performed in STATA 16. Age-standardized 

incidence rates (IRs) were calculated as the number of fractures divided by the number of years at risk 
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after the first fracture using a direct standardization method. The figures were reported as the number 

of fractures per 10,000 person-years. Cox proportional hazard models were used to calculate the risk of 

subsequent fracture as a function of country of birth, categorized into the three main geographical 

groups or sub-groups, adjusted for differences in age, and stratified by sex. Log minus log curves were 

evaluated regarding the assumption of proportional hazards, and the assumptions were considered 

fulfilled. Age-adjusted hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) were 

obtained from the models. Two-sided p-values <0.05 were deemed significant. 

Ethics 

The study and the linkage of data from the Norwegian Patient Registry were approved by the 

Regional Committee for Medical and Health Research Ethics (REC), with application number 2015/334 

and reference number 26953, and the Directorate of Health, with reference number 17/25552-37. The 

University of Oslo performed a Data Protection Impact Assessment (DPIA) in accordance with the 

General Data Protection Regulation. 

Results 

Among the 143,476 individuals with a forearm fracture who were included in the study, 42,923 

were men and 100,553 were women. Of the total, 127,431 individuals were born in Norway, 10,537 in 

other European countries or North America, and 5,508 in other countries, with a mean age at first 

forearm fracture of 59 years, 48.6 years, and 44.3 years, respectively (Table 1). Among the included 

individuals, 35,361 (24.6%) sustained a subsequent fracture of any type. The number of person-years for 

the whole cohort of forearm fracture patients was 767,531, with a total IR of 461 (95% CI 456-466) per 

10,000 person-years. 

Subsequent fractures according to country of birth 

Norwegian-born women had the highest IR of a subsequent fracture (516 per 10,000 person-

years), whereas incidence rates among women born in other European countries or North America and 

from Other countries were 406 and 278 per 10,000 person-years, respectively (Table 2). Norwegian-

born men had the highest subsequent fracture IR (380 per 10,000 person-years), while the IR for men 

born in other European countries or North America and Other countries was 303 and 286 per 10,000 

person-years, respectively (Table 2). 
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Compared to Norwegian-born women, the age-adjusted HR for any type of subsequent fracture 

was 0.93 (95% Cl 0.88–0.98) in women from other European and North American countries. The HR of 

any second fracture among women born in Other countries was 0.76 (95% Cl 0.70–0.84) compared to 

Norwegian-born women (Table 2). The HR of subsequent fractures was 0.85 (95% Cl 0.79–0.92) in men 

born in European and North American countries compared to Norwegian-born men. The risk of any 

second fracture among men born in Other countries was 0.82 (95% CI 0.74-0.92) compared to 

Norwegian-born men (Table 2). 

Subsequent fractures according to age 

The risk of subsequent fractures rose with age, irrespective of the region of birth. Incidence 

rates increased from 280 per 10,000 person-years among Norwegian-born individuals aged 18–44 years 

to 616 per 10,000 person-years among Norwegian-born individuals aged over 60 years (Table 3). 

Norwegian-born women aged over 60 years had the highest IR: 640 per 10,000 person-years, while the 

lowest IR was among women from Other countries aged 18–44: 226 per 10,000 person-years (Table 4). 

Incidence rates among Norwegian-born men and men from other European countries and North 

America also increased with age, while incidence rates among men from Other countries showed less 

variation with age. Among all men, Norwegian-born men aged over 60 years had the highest IR: 510 per 

10,000 person-years (Table 4, Figure 1). Recurrent fracture risk in immigrants from Other countries was 

significantly lower in all age groups compared to Norwegian-born patients (Table 3). 

Types of subsequent fractures 

Forearm fractures were the most common type of subsequent fracture in all ethnic groups (n = 

10,165), whereas fractures of the rib(s), sternum, spine, and pelvis were the least common subsequent 

fractures. Compared to Norwegian patients, femoral fracture was less common as a recurrent fracture 

among people from Other countries, whereas fractures of the shoulder and upper arm were more 

common (Figure 2). 

Discussion 

We included almost 150,000 individuals with a first forearm fracture between 2008 and 2019 

and found a higher subsequent risk of any type of fracture in Norwegian-born individuals compared to 

individuals born outside of Norway. The lowest subsequent fracture risk was observed in patients born 

outside Europe and North America. Incidence rates of subsequent fractures increased with age, 
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regardless of country background. Among all ethnic groups, forearm fractures were the prevailing type 

of subsequent fracture. 

A Norwegian study found an overall incidence of distal forearm fractures of 244 per 100,000 

person-years (36), and these fractures account for 20% of all fractures in the studied population. Hence, 

the total fracture incidence in the Norwegian population older than 18 years was approximately 122 per 

10,000 person-years during 2009–2014 (37). This study's finding of a subsequent fracture incidence of 

461 per 10,000 person-years significantly surpasses the overall fracture estimate. This suggests a 

markedly elevated subsequent fracture risk in individuals with an initial forearm fracture, contrasting 

sharply with the general population that has not experienced previous fractures. Although individuals 

from other European and North American countries had lower incidence rates and subsequent fracture 

risks after a forearm fracture compared to those born in Norway within the same age groups, their rates 

and risks remained high across all age brackets. 

Several surveys have studied the worldwide risk of fracture, especially among elderly 

populations (11, 13, 38). According to previous studies, Europe, particularly the Scandinavian countries, 

and North America have been considered high-risk regions for fractures (30, 39). In contrast, countries in 

Latin America and Central and Southeast Asia have been considered low-risk areas (30, 39, 40). Some 

studies have revealed statistically different incidence rates of fracture in populations with different 

ethnicities. It has been reported that European and North American citizens have higher incidence rates 

compared to individuals from Africa, Latin America, and Central and Southeast Asia (39, 41). The current 

study found a similar pattern in subsequent fracture risk among populations with different country 

backgrounds. 

A Swedish study found that the incidence rate of hip fracture among Swedish-born citizens was 

approximately doubled compared to the corresponding rate among immigrants. It also reported that the 

incidence increased over time among immigrants but remained significantly lower than in the native 

population (40). A Norwegian study showed that women and men with earlier hip fractures have a 2.5-

time and 5-time higher risk of experiencing a new hip fracture, respectively (42). 

However, a recent meta-analysis focusing on subsequent fracture risk reported that the risk 

remained consistent across individuals from different countries of birth (43). Nevertheless, the studies 

incorporating race and ethnicity had restricted person-years of follow-up, affecting the ability to detect 
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differences effectively. Still, studies focusing on subsequent fractures among immigrants are limited, 

and no study has, to our knowledge, considered subsequent fracture risk after a first forearm fracture. 

Utilizing comprehensive register data from an entire country over several years, as done in our 

current study, provides an exceptional opportunity to explore variations in recurrent fracture risk. Our 

findings highlight distinct recurrent fracture risks among individuals of diverse ethnic backgrounds. We 

found a lower risk of subsequent fractures of any type in all foreign-born groups compared to 

Norwegian-born patients. The causes of the different risks of subsequent fractures are unclear. Some 

previous studies have suggested that countries with higher socio-economic growth have higher fracture 

rates, which can have a correlation with lifestyles such as sedentary lifestyles, smoking, and alcohol 

consumption (25). 

Migration also has an impact on health; however, the effect of migration varies among different 

immigrant groups (44). Over time, the risk of disease has been found to equalize with the population 

that they immigrate to. In Sweden, a similar risk of first osteoporotic fracture was found among second-

generation immigrants and Swedish natives, probably due to environmental factors (45). In addition, it is 

likely that at least some of the regional differences can be explained by differences in the proportion of 

cases that are diagnosed and properly recorded. 

Another possible explanation for the lower risk of fractures in immigrants living in Norway 

compared to Norwegian-born people is the healthy migrant effect. This claims that it is the healthiest 

people in a population that is most likely to migrate, initially resulting in a better overall health condition 

in immigrants compared to the population of origin and the host population (39, 46). It has been found 

that, overall, immigrants in Norway have a 11% survival advantage. However, some immigrant 

subgroups, such as refugees, might have higher mortality rates than the general Norwegian population 

(47).  

Other factors contributing to differences in the risk of recurrent fractures in different ethnicities 

can be genetics and biological variation in the skeleton. Studies reported differences in the macro- and 

microstructure of bones in people from different ethnicities; Chinese and Africans have a more robust 

bone architecture. Chinese women have a lower fracture risk of hip and distal forearm than Caucasians, 

partly due to thicker cortices and smaller but denser trabeculae (48). Caucasians also have a lower BMD 

than Africans, Hispanics, and Latin Americans, and the heritability of BMD is estimated between 50% 

and 85% (24, 48, 49). 
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Population demographics are also contributing factors to fracture risk; there are more elderly 

people in European and North American countries, leading to more fractures in these areas. In addition, 

latitude and environmental factors can play a role (26). Variation in the early environment influences 

peak bone mass, which is considered an important risk factor for childhood bone fractures, 

osteoporosis, and fracture risk in later life (22, 50). Another possibly important factor is time spent in 

Norway. In this study, we lacked detailed information about the duration of residency. 

Strengths and limitations 

The large size of the study sample (almost 150,000 first forearm fractures) and quality of the 

data are strengths of the study. Almost all Norwegian residents who sustained a forearm fracture aged 

+18 years in 2008–2019 were included in the study and were followed for up to 12 years. Several 

previous studies have focused on hip fractures since these fractures are easier to study in register-based 

data as surgical hospital admissions, at least in high-income countries (51). Forearm fractures, on the 

other hand, can be treated both in primary and specialist care and, depending on severity, can be 

treated either conservatively, often in emergency units, or surgically in hospitals. 

To the best of our knowledge, this is the first study conducted on subsequent fractures 

according to country of background in a large population. The data used in the study were from patient 

registries with relatively reliable diagnosis codes and further linked to other data sources by a person-

identifiable number.  

Registry data nevertheless has its drawbacks, as some essential information may be lost due to 

misclassification or changes in coding methods (52, 53). Still, the current registry-based data was found 

to have high validity when using standardized algorithms for quality assurance (35).  

The Norwegian-born population significantly outnumbered individuals from other ethnic 

backgrounds, which introduced greater uncertainty in incidence rates and hazard ratios, particularly for 

the patients from Other countries. To address this problem, the populations from these countries were 

categorized into one group, but still, the total numbers were relatively low. Moreover, the different age 

distributions in the Norwegian versus immigrant populations also complicated the comparisons of 

fracture risk, and therefore, we performed age-specific analyses in 15-year age groups.   

The study included only individuals seeking hospitalization for the diagnosis and treatment of a 

fracture. We might have missed those treated only by primary care (about 5–7% of all forearm fracture 

patients) (34). However, according to Statistics Norway, immigrants are more likely to live in urban areas 
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(where fractures are reported to NPR) than in rural areas. In rural areas, although rare, patients are 

more likely to be exclusively treated in primary care without a referral to a hospital; consequently, the 

fractures might not be captured by the registry. Thus, there was probably a relatively greater probability 

of missing Norwegian-born than immigrant patients in this study (34). 

  We might also have missed individuals with fractures sustained abroad. However, these 

fractures would have been captured if they had been followed up in Norway, as we included records 

with follow-up codes that occurred only once in the data set. Still, we might have missed more fractures 

during travel among immigrants because they are more likely to travel and stay abroad for a longer time 

than the Norwegian-born population. These two biases work in opposite directions on the HR and may, 

therefore, have limited effect on the findings of lower risk in the immigrant population. Nevertheless, 

the proportion of fractures missed due to travel is unknown, and we cannot rule out the possibility that 

some of the difference is explained by this. 

In conclusion, we found that the risk of subsequent fracture varied by country background. In 

both men and women, there was a higher risk of subsequent fractures among the Norwegian-born 

population compared to individuals born in countries outside of Norway. The risk of subsequent fracture 

increased with age in all groups, and there was a high rate of subsequent fractures also in the immigrant 

populations, which warrants a focus on prevention of subsequent fractures in all ethnicities regardless 

of the country of birth. The Norwegian-born population has among the highest risks of fracture in the 

world. Future studies should further focus on recurrent fracture risk in immigrants according to length of 

stay in Norway to elucidate whether a different early environment could be the reason why immigrant 

populations have a lower risk of subsequent fractures compared to the Norwegian population. 
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Table 1 Number of individuals aged +18 years in 2008–2019 with first forearm fracture and any type of second fracture 

categorized by country of birth (three main groups) 

Country of Birth First forearm fracture (N) Mean age (SD) 95% Conf. Interval Second fractures (N) 

Norway 127,431 59.0 58.9 – 59.1 32,664 

Europe and North America 10,537 48.6 48.3 – 48.9 1,899 

Other countries 5,508 44.3 43.9 – 44.7 798 

Total 143,476 57.7 57.6 – 57.8 35,361 
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Table 2 Number of participants aged +18 years in 2008–2019 with a first forearm fracture, number of second fractures of any 

type, age-standardized incidence rates (IR) per 10,000 person-years, and age-adjusted hazard ratio (HR) of recurrent fracture 

with 95% confidence interval (CI) for the different countries of birth (three main groups)–stratified on sex 

 No. first forearm 
fracture 

No.  recurrent fracture IR 95% CI HR 95% CI 

Women 100,553 26,654     

Norway 91,409 24,979 516 509-522 1 (Reference) 

Europe and North America 6,007 1,215 406 384-429 0.93 0.88–0.98 

Other countries 3,137 460 278 254-304 0.76 0.70 – 0.84 

Men 42,923 8,707     

Norway 36,022 7,685 380 372-389 1 (Reference) 

Europe and North America 4,530 684 303 281-326 0.85 0.79-0.92 

Other countries 2,371 338 286 257-318 0.82 0.74-0.92 

 

Table 3 Number of participants aged +18 years in 2008–2019 divided into three age groups (N), number of subsequent 

fractures, age-standardized incidence rates (IR) per 10,000 person-years, and age-adjusted hazard ratio (HR) of subsequent 

fracture with 95% confidence interval (CI) for the different countries of birth (three main groups) 

 N No.  second fracture IR 95% CI HR 95% CI 

Age 18-44 35,547 5,666     

Norway 26,970 4,635 280 271-287 1 (Reference) 

Europe and North America 4,662 644 273 253-295 0.91 0.84-0.99 

Other countries 2,915 387 256 232-283 0.88 0.79-0.97 

Age 45-59 37,712 8,688     

Norway 32,795 7,866 407 398-416 1 (Reference) 

Europe and North America 3,115 536 343 315-373 0.85 0.78-0.93 

Other countries 1,802 286 304 271-342 0.75 0.69-0.85 

Age +60 71,217 21,007     

Norway 67,666 20,163 616 608-625 1 (Reference) 

Europe and North America 2,760 719 539 501-580 0.92 0.85-0.99 

Other countries 791 125 325 273-388 0.63 0.53-0.75 
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Table 4 Number of participants aged +18 years in 2008–2019 divided into the three geographic groups by age, number of 

second fracture of any type, age-standardized incidence rates (IR) per 10,000 person-years and age-adjusted hazard ratio (HR) 

of subsequent fracture with 95% confidence interval (CI)–stratified on sex 

 No. first forearm fracture No.  second fracture IR 95% CI HR 95% CI 

Women 

Age 18-44 

 

16,882 

 

2,483 

    

Norway 13,645 2,074 246 236-257 1 (Reference) 

Europe and North America 1,872 242 255 225-289 1 0.88-1.14 

Other countries 1,365 167 226 194-263 0.88 0.76-1.04 

Age 45-59 25,930 6,386     

Norway 22,865 5,850 438 427-449 1 (Reference) 

Europe and North America 1,876 342 358 322-398 0.82 0.74-0.92 

Other countries 1,189 194 311 270-358 0.72 0.62-0.83 

Age +60 57,741 17,785     

Norway 54,899 17,055 640 631-650 1 (Reference) 

Europe and North America 2,259 631 580 536-627 0.95 0.88-1.03 

Other countries 583 99 339 279-413 0.63 0.52-0.77 

Men 

Age 18-44 

 

17,665 

 

3,183 

    

Norway 13,325 2,561 314 302-326 1 (Reference) 

Europe and North America 2,790 402 286 259-315 0.86 0.78-0.96 

Other countries 1,550 220 284 249-325 0.86 0.75-0.99 

Age 45-59 11,782 2,302     

Norway 9,930 2,016 338 323-353 1 (Reference) 

Europe and North America 1,239 194 318 277-367 0.89 0.77-1.04 

Other countries 613 92 292 238-358 0.83 0.67-1.02 

Age +60 13,476 3,222     

Norway 12,767 3,108 510 492-528 1 (Reference) 

Europe and North America 501 88 357 289-440 0.77 0.62-0.95 

Other countries 208 26 281 191-413 0.63 0.43-0.93 
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Figure 1 Age-standardized incidence rates (IR) per 10,000 person-years for individuals by age and country of birth (three main 
groups), stratified on sex 

 

 

Figure 2 Distribution of subsequent fractures in patients with an index forearm fracture 2008–2019 by country of birth (three 
main groups) 
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