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To Kerstin
Ithaca

When you set out on your journey to Ithaca

hope your road is a long one,

full of adventure, full of knowledge.

The Lestrygonians and the Cyclops,

the angry Poseidon — don't be afraid of them:

You will never find such as these on your path,

if your thoughts remain lofty, if a fine emotion touches
your spirit and your body.

The Lestrygonians and the Cyclops,

the fierce Poseidon you will never encounter,

if you do not carry them within your soul,

if your soul does not set them up before you.

Pray that the road is long.

That the summer mornings are many, when,

with such pleasure, with such joy

you will enter ports seen for the first time;

stop at Phoenician markets,

and purchase fine merchandise,

mother-of-pearl and coral, amber and ebony,

and sensual perfumes of all kinds,

as many sensual perfumes as you can;

visit many Egyptian cities,

to learn and learn from scholars.

Always keep Ithaca in your mind.

To arrive there is your ultimate goal.

But do not hurry the voyage at all.

It is better to let it last for many years;

and to anchor at the island when you are old,

rich with all you have gained on the way,

not expecting that Ithaca will offer you riches.
Ithaca has given you the beautiful voyage.

Without it you would have never set out on the road.
It has nothing more to give you.

And if you find it poor, Ithaca won’t have fooled you.
Wise as you have become, with so much experience,
you must have understood what Ithacas mean.

Konstantinos P. Kavafis, 1911
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Risk Factors for Fractures - a link between metabolic bone disease

and cardiovascular disease

Penelope Trimpou
Institute of Medicine at Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden, 2011
ABSTRACT

Introduction: Fractures and cardiovascular disease (CVD) are a burden to society, as they result in high
morbidity and mortality in both men and women.

Aim: The aim was to study prospectively modifiable risk factors for fractures in the general population
and to possibly identify a link between metabolic bone disease and CVD.

Methods: Three population-based cohorts of both men and women were studied, with a follow-up time
ranging from 13 to 30 years. Two methods of bone assessment, Quantitative Ultrasound (QUS) and
Dual energy X-ray Absorptiometry (DXA), were compared during 7 years. Lifestyle factors, serum
hormones and lipids, QUS and pharmacological treatment were studied in relation to future fractures,
which were X-ray verified.

Results: A 30-year follow-up study of 7495 men, aged 46-56 years at baseline, showed that a high
degree of physical activity during leisure time but not at work, high occupational class and high body
mass index (BMI) were protective against hip fractures; whereas smoking, tall stature, age, interim
stroke and dementia increased the risk. A 20-year follow-up of 1396 men and women, aged 25-64 at
baseline, showed that previous fracture, smoking, coffee consumption and lower BMI each increased the
risk of fracture, independently of age and sex. The gradient of risk for serum total cholesterol to predict
fracture increased over time. A 13-year follow-up of 1616 men and women, aged 25-64 at baseline,
showed that stroke, high age, female sex and physical inactivity during leisure time predicted fracture
independently of other factors. Low QUS and use of tranquilizers predicted fracture in both genders.
QUS correlated well with DXA. Secular trends were seen when men and women aged 35-64 in 1995
were compared with subjects of similar age in 2008, i.e., 13 years apart. The fracture incidence
increased, with a higher proportion of vertebral fractures among postmenopausal women in 2008. Lower
HRT use, lower serum oestradiol, and greater fall risk exposure due to more physical activity during
leisure time in 2008, may explain the results. Serum total and free testosterone were lower in men in
2008 but the fracture incidence was unchanged. Serum total cholesterol and triglycerides were lower in
men and women in 2008 compared with subjects of similar age in 1995.

Conclusions: Physical inactivity, smoking, high cholesterol and stroke were independent modifiable
risk factors of fracture, indicative of a link between metabolic bone disease and CVD. Secular trends
were seen in sex hormones and blood lipids in both genders, and in women, secular trends were also
seen with regard to fracture type and incidence.

Keywords: Risk factors, general population, physical activity, sex hormones, cholesterol, stroke, fracture.
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SVENSK SAMMANFATTNING

Bakgrund: Frakturer och hjért-kirlsjukdom utgdr ett stort problem for samhéllet och leder till
okad sjuklighet och dod hos bade mén och kvinnor.

Syfte: Syftet var att prospektivt studera atgérdbara riskfaktorer for frakturer i befolkningen och
eventuellt identifiera en ldnk mellan benskdrhet (osteoporos) och hjért-karlsjukdom.

Metoder: Tre befolkningsgrupper av méin och kvinnor studerades med en uppf6ljningstid mellan
13 och 30 ar. Tva metoder for benmitning, hilultraljud och Dual energy X-ray Absorptiometry
(DXA), jamfordes under 7 ar. Livsstilsfaktorer, hormoner och blodfetter, benmassa och
lakemedel studerades i relation till nya frakturer som var rontgenundersokta.

Resultat: Uppfoljning under 30 &r av 7495 mén, som var 46-56 ar vid studiestart 1970, visade
att rokning, att vara lang, att bli dldre, ha haft stroke och demens dkade risken for hoftfraktur.
Hog fysisk aktivitet pa fritid men inte under arbete, hog yrkesklass och hogt kroppsmasseindex
(Body Mass Index, BMI) var skyddande for hoftfraktur. Uppf6ljning under 20 ar av 1396 mén
och kvinnor, som var 25-64 ar vid studiestart 1985, visade att tidigare fraktur, rokning, kaffe och
lagre BMI 6kade risken for frakturer oberoende av alder och kon. Risken for serum kolesterol att
forespé fraktur 6kade med tiden. Uppf6ljning under 13 ar av 1616 mén och kvinnor, som var 25-
64 ar vid studiestart 1995, visade att stroke, hog alder, kvinnligt kon och fysisk inaktivitet pa
fritiden Okade risken for fraktur oberoende av andra faktorer. Lugnande medicin och lag
benmassa Okade risken for fraktur hos alla. Sekuldra trender, d.v.s. fordndringar i tiden,
pavisades med fler frakturer och fr.a. kotkompressioner, hos kvinnor 2008 jamfort med kvinnor i
samma alder, 35-64 ér, 1995. Mindre Gstrogenersittning, ldgre ostradiol och 6kad fallrisk p.g.a.
hogre fysisk aktivitet 2008 kan ha bidragit. Testosteron var ldgre hos midn 2008 &n hos mén i
samma alder 1995 men hade inte paverkat frakturantalet. Kolesterol och triglycerider var ldagre
hos bade méin och kvinnor 2008 jamfort med jamnariga méin och kvinnor 1995.
Sammanfattning: Fysisk inaktivitet, rokning, hogt kolesterol och stroke var oberoende
atgdrdbara riskfaktorer for fraktur talande for ett samband mellan osteoporos och hjért-
karlsjukdom. Sekulédra trender pavisades med ldgre konshormoner och blodfetter i befolkningen,

och hos kvinnor, fler frakturer, sarskilt kotkompressioner nufértiden dn under 1990-talet.
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Abbreviations

BMC = Bone Mineral Content

BMD = Bone Mineral Density

BUA = Broadband Ultrasound Attenuation
CHD = Coronary Heart Disease

CVD = Cardiovascular Disease

DBP = Diastolic Blood Pressure

DXA = Dual energy X-ray Absorptiometry
HR = Hazard Ratio

HRT = Hormone Replacement Therapy
IGF-1 = Insulin Growth Factor-1
MONICA = MONItoring of trends and determinants in CArdiovascular disease
OR = Odds Ratio

PTH = Parathyroid Hormone

QUS = Quantitative Ultrasound

RR = Risk Ratio

SBP = Systolic Blood Pressure

SD = Standard Deviation

SE= Standard Error

SOS = Speed Of Sound

WHO = World Health Organisation
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INTRODUCTION

Background

The skeleton plays a number of different roles. It protects sensitive inner organs
like the lungs and heart. It is not only the place of haematopoetic activity, but it
also plays an important endocrine role as it serves as a reservoir for minerals,
mainly calcium and phosphorus. The skeleton is the target of many endocrine
activities and is affected by mechanical stimuli and age.

Beyond that, the skeleton is the place for many muscles to be attached to, thus
allowing us to move, walk and run. For the skeleton to play its roles efficiently,
some properties are crucial. It needs to be light so that we can move easily. It has to
be flexible, to prevent it from breaking easily; yet strong enough to avoid fractures.
The skeleton is a living tissue, as it is sensitive to the mechanical load applied to it
and because inactivity or abnormally low mechanical stress results in reduced bone

mass.

The composition of bone

The skeleton can be divided into the axial (vertebrae and the pelvis) and the
appendicular skeleton (long bones). Furthermore, bone is divided into two types;
cortical bone and cancellous bone. The cortical bone is densely compacted tissue,
and forms the outer layer of mainly long bones. The cancellous, or trabecular, bone
is characterised by a network of trabeculae resulting in a large surface area, which
makes this bone more sensitive to metabolic changes.

Bone as tissue is composed of intercellular calcified material, the bone matrix, and
bone cells. The matrix, organic (~20%) and inorganic (~70%), is formed and
maintained by the osteoblasts. The unique combination of organic and inorganic

material results in the characteristic properties of bone; its hardness and elasticity

(1-3).
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Why do we fracture?

The development of a fracture is dependent on bone strength and the load applied
to it by trauma.

Bone strength is determined by the properties of the bone material and bone
geometry. The degree of mineralisation, the collagen characteristics and
microdamage affect the bone material, whereas bone geometry is determined by the
bone size and shape (bone mass) and bone morphology (distribution of bone mass
and microarchitecture). Thus, whether a fracture is to be sustained depends on the
load applied to the bone and the consequent strain in relation to the bone strength (1,
3,4).

The mechanical behaviour of bone is constantly influenced by mechanical and
hormonal stimulation, which affect the bone turnover and remodeling (5). Bone
modelling is the process that results in bone formation alone without prior bone
resorption. It occurs mainly in the growing skeleton and during fracture repair (5).
Bone remodelling is the continuous process throughout life of destruction and
formation of bone that replaces old bone by new bone.

The main purpose of bone remodelling is to maintain the metabolic and structural
properties of the bone (5). It has been estimated that remodelling results in 5-10%
of the skeleton being renewed every year and the remodelling activity is 5-10 times
higher in trabecular bone than in cortical bone. Thus, bone has the unique property
of self-renewal and repair (6).

However, many age-related changes occur in the skeleton, resulting in decreasing
bone mass, cortical and trabecular thinning and increasing cortical porosity and

trabecular perforation, as shown in Fig. 1 (7).
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Fig. 1 The process of age-related trabecular thinning. Reproduced from (7) with
permission from Oxford University Press.

Thus, older bone has poorer performance, due to decreased strength and
accumulated microdamage (8-12).

Trauma is of major importance for the development of bone fracture. Risk of
falling, as well as the type of trauma, high or low-energy trauma, determine the

development of bone fractures (8).

What is an osteoporotic fracture?

An osteoporotic, or fragility fracture, is defined as bone failure following trauma
that would otherwise not occur in a healthy skeleton, but is also described as a low
energy fracture, often after a fall from a standing height (13). However, age is a
major risk factor for fracture. The general approach in defining fracture sites as

osteoporotic comprises the association of fractures with low bone mass as well as
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with increasing fracture incidence above the age of 50 years (14-16).

The most common osteoporotic fractures are vertebral fractures, hip fractures,
Colle’s fracture of the forearm and proximal humerus fractures (17). Nevertheless,
there are a number of other fracture sites that fulfil the above criteria and, thus,
should be regarded as being of osteoporotic origin. These sites are the clavicle,

pelvis, lower leg in women, wrist, heel, rib and elbow (14, 18, 19).

.»

Fig. 2 The most common osteoporotic fractures.
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Why are fractures important?

Osteoporotic fractures are a major burden to society worldwide in different respects.
They have a huge impact on an individual’s morbidity and place a progressively
larger burden on health care resources (20). A study by Kanis et al. (21) showed
that the estimated number of osteoporotic fractures in Europe in 2000 was 3.79
million. Of these, 0.89 million were hip fractures (179 000 hip fractures in men and
711 000 in women). The total direct costs were estimated at 31.7 billion euros,
which were expected to increase to 76.7 billion euros in 2050, based on the
expected changes in the demography of Europe (21).

Johnell et al. (22) showed that the number of days in hospital due to osteoporotic
fracture in Sweden in 1996 was between that of ischaemic heart disease and stroke.
Patients with hip fractures experience impaired quality of life and subsequent
increased morbidity and cost (23). The majority of osteoporotic fractures occur in
elderly women, although the prevalence of all fractures is the same for men and
women over the entire life span (24).

In an attempt to calculate the global burden of osteoporotic fractures in terms of
Disability Adjusted Life Years (DALY) lost because of a fracture, it was estimated
that osteoporotic fractures accounted for more DALY lost in Europe than common
cancers, with the exception of lung cancer (25). The remaining lifetime risk of any
major osteoporotic fracture at the age of 50 was estimated to be 46% for women
and 22% for men in Sweden (26). The corresponding lifetime risk of a hip fracture
was estimated at 23% for women and 11% for men (26). Women with a prior
fracture have an 86% risk of a subsequent fracture (27). One in five
postmenopausal women with a prior vertebral fracture will have another vertebral
fracture within one year (28). Women with a prior wrist fracture run a 50% higher
risk of sustaining a hip fracture (29). Thus, the fracture risk is undoubtedly

increased after a first osteoporotic fracture (30).



18

Morbidity and fractures

Already during hospitalisation acute complications may occur, such as pneumonia,
deep vein thrombosis and urinary tract infection. Co-morbidities often follow a hip
fracture event. Co-morbidities are significant and the risk of death after a hip
fracture increases with the morbidity score (31-33). It has been estimated that 50%
of individuals able to walk before the fracture are unable post-fracture and that age
is of crucial importance (32, 34). A study by Chrischilles et al. showed that 55% of
patients aged over 90 with a hip fracture are discharged to nursing homes (35).

The incidence of vertebral fractures is less well documented, mainly because of the
uncertainty regarding the definition of vertebral fractures. Nor is co-morbidity due
to vertebral fractures well assessed, as these fractures may remain undiagnosed for
a long time and whether back pain is really due to vertebral fractures is often
unclear. It is estimated that of all incident vertebral fractures, 40% receive clinical
attention and 10% result in hospitalisation. The major clinical disorders are back
pain, kyphosis, height loss and decreased quality of life scores with increasing
numbers of sustained vertebral fractures (36). Distal forearm fractures have not
been shown to result in major disability, although over 50% report poor function

six months afterwards (35).

Mortality and fractures

Mortality patterns have been studied for the most frequent fragility fractures, i.e.,
hip, vertebral, and wrist fractures (20, 23, 37-39). The mortality after a hip fracture
is generally higher in men than in women, and higher for those with poor health
status before the fracture, and increases with age (32, 33, 37, 40, 41).
Approximately 20% of women and 30% of men die within one year after a hip
fracture (20). It is estimated that the risk of mortality is 9% in men and 4% in
women during hospitalisation after a hip fracture (42). The mortality risk is at its

highest immediately after the hip fracture and decreases over time, so that after two
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years’ survival, the risk is comparable to that of the age and sex-matched general
population (43). A recent study though, showed that mortality is increased 5 years
following any fracture (44). Co-morbidities contribute to decreased life expectancy.
The mortality excess due to hip fracture per se is estimated at 10-20% and
approximately 50% of those surviving will also suffer long-term disabilities (23).

In the case of vertebral fractures, mortality is increased beyond a year afterwards
and it is shown that mortality increases with increasing time after the fracture (45).
It has been shown by van Staa et al. that twelve-month survival after a vertebral
fracture was 86% versus 94% expected (46). No increased mortality has been

shown for wrist fractures (37, 46).

Mortality (rate/1000)
Fracture
at 90 years
BOO frommrreemr oo e
BOO |ooormrrrrrmm e e P B
i at 80 years
Fracture Fracture
at 60 years at 70 years
D00 |- e SOTT RS
2 \ -=="" Normai
(| ] et R L RS edefoiot v eeeerereeereeennenn..... POpUlation
1 I I |
60 70 80 90
Age (years)

Fig. 3 Pattern of mortality in the general population and following hip fractures at
the ages shown. Reprinted from (23) with permission from the Elsevier Publishing
Group.
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Fracture epidemiology in the world

In 2000, an estimated 8.9 million osteoporotic fractures occurred worldwide, 1.6
million of which were hip fractures, 1.7 million forearm fractures, and 1.4 million
were clinical vertebral fractures. The largest number occurred in Europe (35%),
where 890 000 men and women sustained a hip fracture (21, 25).

In the US, the corresponding figures are expected to increase by about 50% by the
year 2025 (47). In England, it was estimated that 53% of women and 21% of men
around 50 years of age will sustain a fragility fracture during their remaining
lifetime (46).

The probability that a fracture will occur differs greatly, depending on the region of
the world (48). Hip fracture rates vary between countries, with the highest rates in
northern Europe and the lowest in Mediterranean countries, and with rates higher
among women than men (49).

The prevalence of vertebral deformities across Europe was estimated at 12% for
both men and women aged 50-79 years of age. In the ages between 50 and 60, the
prevalence is similar in both sexes but after the age of 60 the prevalence is higher
in women. Most of the vertebral fractures in older women occur during regular
activities rather than as a result of falling (50). The incidence of radiographically
defined vertebral fractures in Europe was estimated at 13.6 per 1000 person years
for men and 29.3 per 1000 person-years in women for the age group 75-79 years,

according to the European Prospective Osteoporosis Study (51).

Fracture epidemiology in Sweden

Women in Sweden have the highest incidence of hip fracture globally and the
highest incidence of vertebral fracture in Europe (49, 50, 52). The lifetime risk of
an osteoporotic fracture is approximately 50% for a Swedish woman and 25% for a
Swedish man (26). Up to 70 000 osteoporosis-associated fractures occur every year,

18 000 of which are hip fractures, and the costs amount to some SEK 4.6 billion
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per year (53-55). The exact reason is unknown but tall stature (56) with little
exposure to sunlight due to the geographical latitude (57), with consequent low

vitamin D levels in the general population (58), have been proposed.

What is a risk factor?

The term risk factor was first introduced in the literature in 1961 by the director of
the Framingham Heart Study, Dr. Thomas Dawber, who associated specific
conditions with coronary heart disease (CHD) (59, 60).

A risk factor can be defined as a variable that may influence the risk of a disease or
an outcome; either increase or decrease the probability of a condition
occurring/happening. The term “risk factor” is often used for factors associated
with an increased probability of an individual suffering the outcome in question. A
risk factor for a certain condition is evaluated by comparing the risk of those
exposed to the risk factor in question to the risk of those not exposed. Risk factors
do not always reveal causation but rather correlation. Typically, smoking and high
cholesterol levels have been shown to be risk factors for myocardial infarction and

hypertension for stroke (61-65).

Risk factors for Cardiovascular Disease (CVD)

Cardiovascular Disease as a term comprises large-vessel disorders, mainly resulting
from atherosclerosis. CVD includes coronary heart disease (CHD), stroke and
peripheral vascular disease. CVD is the most common cause of death in Sweden in
both genders (66). Cardiovascular risk factors for CHD are smoking, high
cholesterol and fibrinogen levels, hypertension, diabetes, psychosocial factors and
abdominal obesity. Regular consumption of fruit, vegetables and alcohol and
regular physical activity lower the risk (63). Similar risk factors were shown largely

to account for the risk of stroke (65).
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Risk factors for osteoporotic fractures

Several risk factors have been recognised as being associated with an increased risk

of fragility fractures (Table 1). They can be divided into modifiable and non-

modifiable risk factors.

Table 1 Risk factors for fragility fractures. Reprinted from (67) with permission

from The Lancet Publishing Group.

Female gender

Premature menopause

Age*

Primary or secondary amenorrhoea

Primary and secondary hypogonadism
in men

Asian or white ethnic origin
Previous fragility fracture™*
Low bone mineral density

Long-term immobilisation

Glucocorticoid therapy*

High bone turnover*

Family history of hip fracture*
Poor vision*

Low body weight*

Neuromuscular disorders*
Cigarette smoking*

Excessive alcohol consumption
Low dietary calcium intake

Vitamin D deficiency

*Characteristics that capture aspects of fracture risk over and above that

provided by bone mineral density.

Low attenuation of ultrasound also predicts fracture (68, 69). In addition to these

risk factors, rheumatoid arthritis (70, 71), inflammatory gut conditions (72, 73),

hyperthyroidism and over-substituted hypothyroidism (74, 75), and primary

hyperparathyroidism (76) may cause secondary osteoporosis and, subsequently,

fractures.
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Osteoporosis - Definition

“From the Greek, meaning porous bone”

Due to fractures, osteoporosis gained attention and acquired a diagnosis code. In
1994, the World Health Organization (WHO) defined osteoporosis as “a systemic
skeletal disease characterised by low bone mass and micro-architectural
deterioration of bone tissue with a consequent increase in bone fragility and

susceptibility to fracture” (17, 77).

a trabecular bone - young healthy man b trabecular bone - osteoporotic woman

Fig. 4 Images of healthy and osteoporotic trabecular bone are shown in (a) and (b),
respectively. Reprinted from (78) with permission from the Elsevier Publishing
Group

Bone mass is assessed by quantitative measurement of the BMD of the femoral
neck or spine. Originally, however, the diagnosis of osteoporosis was based on the
BMD of the hip, spine, or forearm. BMD is expressed as the Z- or T-score.

The Z-score describes the number of SDs by which the BMD in an individual
differs from the mean value expected for individuals of the same age and sex.

Z-score = [measured BMD - Age-matched mean BMD] / Age-matched SD
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The T-score describes the number of SDs by which the BMD in an individual
differs from the mean value expected in young healthy individuals.

T-score = [measured BMD — Young Healthy Adult mean BMD] / Young Healthy
Adult SD
The reference population comprises the National Health And Nutritional
Examination Study (NHANES III) reference database for femoral neck BMD
measurements in women aged 20-29 years (79, 80). Based on the T-score the
following thresholds of BMD are used worldwide for the definition of osteoporosis
in clinical practice:

Osteoporosis - Operational Definition

T-score > -1 SD

BMD value greater than 1 SD below
the young adult reference mean value.

Normal BMD

T-score <-1 SD and >-2.5 SDs

BMD value between 1 SD and 2.5 SDs
below the young adult reference mean value.

Osteopenia or, low bone mass

T-score <-2.5 SDs

Osteoporosis BMD value 2.5 SDs, or more, below

the young adult reference mean value.

T-score < -2.5 SDs and a fracture

Establish t i
stablished osteoporosis BMD value 2.5 SDs, or more, below the young adult

reference mean value, in the presence of one, or more

fragility fractures.

In 2008, the operational definition of osteoporosis was revised; the femoral neck
BMD was proposed as the standard measurement site, and the mean and SD values
in young women from NHANES III were adopted as the reference population for
both men and women (81).

Osteoporosis is a “silent disease” until a fracture occurs, which, accordingly,

explains the clinical significance of osteoporosis. The analogy between
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osteoporosis and its complication, fracture, is widely compared with other diseases,
such as hypertension or diabetes, the diagnoses of which are also based on a
threshold of blood pressure, or blood sugar measurement, resulting in a high risk of
developing stroke or vascular complications, respectively. Bone mass assessment
by determining BMD has a predictive value with respect to upcoming fractures.
Marshall and colleagues showed that the age-adjusted risk of fracture at different
sites increases by a factor of 1.5 to 3.0 for each SD decrease in BMD (Table 2) (82).

Table 2 Relative risk of fracture for one SD decrease in BMD below age-
adjusted mean (82). Reproduced with permission from The BMJ Publishing
Group.

Site of Forearm Hip Vertebral Any fracture

measurement
fracture fracture fracture

Measurement by methods other than QUS

Distal radius 1.7 1.8 1.7 1.4
Femoral neck 1.4 2.6 1.8 1.6
Lumbar spine 1.5 1.6 23 1.5
Measurement by QUS

Calcaneus 2.2 1.8 1.5

The ability of BMD to predict fracture is better than cholesterol’s ability to predict
myocardial infarction and comparable to the ability of blood pressure to predict
stroke (82).

Nevertheless, the development of a fragility fracture is undoubtedly multifactorial
and depends upon both skeletal and non-skeletal factors. It is also of great
importance to distinguish between the assessment of BMD for the diagnosis of

osteoporosis and the fracture risk assessment.
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A normal BMD value; i.e., no osteoporosis according to the operational definition,
does not equal no fracture risk. The risk exists but it is smaller (67). Use of BMD
alone has a rather high specificity but rather low sensitivity, meaning that many
individuals who will fracture in their lifetime would not be identified as being at
high risk based on their BMD assessment (17, 83). Only 45% of women with
osteoporosis at the age of 50 will sustain a fracture of the hip, spine, forearm or
proximal humerus within the next 10 years. The vast majority of these types of

fracture would occur in women without osteoporosis (16, 84-86).
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Fig. 5 The remaining lifetime risk of hip fracture in women aged 50 years according
to BMD measurement or T-score at the hip. Reprinted from (67) with permission
from The Lancet Publishing Group.

Thus, despite osteoporosis being a major determinant of the fracture risk, it is of
crucial importance to study other modifiable risk factors and adopt population-
based strategies for primary prevention of fractures. In this context, it is of
importance to identify whether individuals with a high risk of fragility fractures
share common risk factors with other diseases with a major impact on the health

service globally, such as cardiovascular diseases.
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DIAGNOSTIC ISSUES OF OSTEOPOROSIS

Several methods have been developed in an attempt to evaluate bone features both
with accuracy and high precision. Almost 20 years ago, methods to measure bone
density with X-ray-based techniques became available; first single X-ray
absorptiometry and later the dual-energy X-ray absorptiometry, or what is
internationally referred to as DXA. DXA has the advantage of reduced radiation
compared with gamma-ray methods, which were used earlier. Additionally, DXA
measurements are closer to the calcium content of the bone (ash weight) and have
higher reproducibility rates. Thus, both the accuracy and the precision were
improved. Other techniques were also developed, such as the use of ultrasound,

computer and magnetic resolution tomography, as well as laser technologies.

Dual energy X-ray Absorptiometry (DXA)

DXA is based on the transmission of X-rays with high and low-energy photons

through the body. The technique involves measuring the absorption of the two
different energies, thus measuring two tissue components; bone and soft tissue. It is,
however, assumed that the relationship between lean soft tissue and adipose tissue
is constant. This may lead to measurement errors, with an impact on accuracy as
well as precision (87-90). The DXA measurements assess the areal bone mineral
density (aBMD, g/cm®), and the bone mineral content (BMC, g) at the region of
interest. However, DXA 1is a projectional technique; a three-dimensional object is
described in terms of two dimensions, and it is thus impossible to assess density
volumetrically (g/cm’). This is of major importance when interpreting DXA
measurements obtained from bones of different size (89, 90). Additionally,
vertebral fractures, scoliosis, or even aortic calcification may result in spuriously
elevated BMD values (91, 92). DXA is referred to as the “gold standard” for
assessing bone mass density in clinical practice and the current definition of

osteoporosis is based upon this technique.
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Quantitative ultrasound (QUS)

In the QUS technique, broadband ultrasound attenuation (BUA, dB/MHZ) and the
speed of sound (SOS, m/s) are used to reflect properties of bone related to density
and architecture. QUS parameters are found to be associated both with BMD and
with bone structure irrespective of BMD, with BUA, in particular, reflecting
structural parameters (93-96). The major advantages of this technique is the fact
that it is non-ionising, cheap and portable. However, the precision (reproducibility)
of QUS is poorer than that of DXA, resulting in longer follow-up times between
measurements than DXA (two to three-fold) to detect change (97).

Nevertheless, in adults, QUS at the calcaneus can predict fracture risk independent
of DXA (98), is associated with fracture history (99), and can discriminate between

cases with vertebral and non-vertebral fractures and controls (100).

Quantitative computed tomography (QCT) and peripheral QCT (pQCT)

QCT and pQCT have the advantage of analysing separately cortical and trabecular
bone, bone geometry and volumetric bone density. Nevertheless, a major
disadvantage is the high radiation dose. Neither of these methods has been shown

to be better than DXA in predicting fragility fractures (101).

Magnetic Resonance Imaging (MRI)

Skeletal assessment is based on different amounts of water and lipids in different
types of tissue. In this way, it is possible to differentiate between various
anatomical structures and evaluate bone density volumetrically without radiation.
MRI has so far only been used in research and its applicability in clinical practice

has not been evaluated.
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GENERAL AIM OF THIS THESIS

The main objective of this thesis was to examine to what extent factors measured at
baseline could predict osteoporotic fractures in the long term in men and women in
the general population. Furthermore, the intention was to study whether there are
grounds to support the hypothesis of a possible link between metabolic bone disease
and CVD. This was mainly studied with regard to known common risk factors for the

two diseases but also by studying the fracture outcome following hard CVD outcome.

Specific aims
Paper I

The aim of this study was to evaluate lifestyle factors, especially physical activity
at work and leisure, comorbidity, as well as other potential risk factors for hip
fractures in men. We used data from a population sample of 7495 men (The
Gothenburg Primary Preventive Study) aged 46-56 years at baseline in 1970, and
followed the subjects for more than 30 years (203 051 person-years).

Paper 11

The aim was to explore links between metabolic bone disease and CVD with access
to fracture risk factors in a younger cohort. A random sample of men and women
(n=1396), aged 25-64 years at baseline (The Gothenburg WHO MONICA study
1985), was followed-up for 22 years.

Paper 111

The aim was to study whether changes in calcaneal QUS were correlated with
changes measured with DXA and to validate prospectively calcaneal QUS against
DXA. Postmenopausal women (n= 80, aged 53-73 at baseline) were followed up

during 7 years and underwent repeated QUS and DXA measurements.
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Paper IV

The aim was to study prospectively risk factors for osteoporotic fractures during a
long follow-up period and whether CVD increased the risk of osteoporotic fracture.
A random population sample of men and women (n=1616), aged 25-64 at baseline

(The Gothenburg WHO MONICA study 1995), was followed up for 13 years.

Paper V

The aim was to examine possible secular trends in sex hormones and fractures. A
random population was studied twice, and men and women of similar age were

compared 13 years apart (The Gothenburg WHO MONICA study 1995 and 2008).
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SUBJECTS AND METHODS

Ethical Considerations

All studies in this thesis were conducted according to the Declaration of Helsinki
and were approved by the Ethics Committee at the University of Gothenburg. All
subjects gave their verbal (Paper I), or written informed consent (Papers II - V).
Furthermore, individuals with abnormal findings in blood pressure and blood

samples were taken care of by the study team.

Study populations
The Gothenburg Primary Prevention Study

The Multifactorial Primary Prevention Study started in Gothenburg in 1970 and
was originally an intervention trial aimed at reducing coronary events by actions
against smoking, hypercholesterolaemia and hypertension in an intervention group
comprising 10 000 men, a random third of all men in the city who were born
between 1915 and 1925 (except those born in 1923). Initial screening was
performed between 1970 and 1973 with 7495 participants, and a second screening
round was carried out between 1974 and 1977 (Fig. 6). After 10 years of follow-up,
20% of the sub-samples of the intervention group and the control group were re-
examined. No significant difference in risk factors or in CVD outcome between the
intervention and control groups was detected. Thus, any changes brought about by
intervention also happened among the general population; therefore, the present
study group is considered to be representative of the population in the city.

All participants were followed from the date of their baseline examination until
December 31, 2003, using their unique personal identity number (203 051 person -
years). A computer file of the study cohort was run against the Swedish national
register on causes of death and the Swedish hospital discharge register. The follow-

up time was 30 years.
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The Gothenburg WHO MONICA study 1985

In 1985, 1000 men and 1000 women of Caucasian origin, aged between 25 and 64
years, were selected at random from the population census of the city and invited to
participate in the WHO MONTItoring of trends and determinants in CArdiovascular
disease (WHO MONICA) project. The participation rates varied from 65% among
men aged 25-34, to 74% among men aged 55-64, and were the same for women in
these age groups. In total, 1396 subjects (53% of whom were women), aged 25-64
years, participated in the baseline examination (Fig. 6). All participants were
followed from the date of their baseline examination until December 31, 2007. The

follow-up time was 22 years.

Postmenopausal osteoporotic women 1997-2003

Calcaneal QUS and DXA were performed in parallel annually for 7 years in eighty
women, 53-73 years, with postmenopausal osteoporosis. The women were
recruited from the Endocrine outpatient clinic or via advertisement in the local
newspaper if they had known primary osteoporosis and/or fractures, and were
treated with oestrogen hormone replacement (HRT), calcium 1000 mg and vitamin
D 800 units/day during the last 6 months. Osteoporosis was defined according to
the WHO as BMD lower than —2.5 SD of young adults (T-score) from the LUNAR
USA reference population of the same gender, measured at the lumbar spine using
DXA. Due to difficulties of recruiting 80 women who fulfilled these criteria, 3
patients with BMD = -2 SDs as T-score but with at least one osteoporotic fracture
were included. The mean L2-L4 BMD T-score at start of the present study was —
2.6 SDs and 60% had suffered osteoporotic fractures. There were 39 radial, 22
vertebral, 7 rib, 8 ankle, 9 hip and 2 upper arm fractures in 48 patients. The oldest
woman died just before the two-year examination; hence, 79 women were followed

up for 7 years (Fig. 6).
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The Gothenburg WHO MONICA study 1995 and re-examination 2008

A random population sample of 1200 men and 1200 women, aged 25-64 at baseline,
was recruited from the third population screening in WHO MONICA, Gothenburg,
Sweden. The participation rate varied from 52% (young men) to 82% (older
women). In total, 1616 men (n=746) and women (n=870) participated. Fractures
and CVD were captured until December 31, 2008, from the Swedish Hospital
Register via the Swedish National Board of Health and Welfare, Stockholm,
Sweden. The follow-up time was 13 years. In 1995, every 4™ participant was
selected for bone measurement and extensive hormone blood sampling.
Additionally, QUS was carried out on all women in the age groups 45-54 and 55-64
years, in total 662 subjects. Bone measurements and blood samples were available
from 410 subjects (i.e., a 73% participation rate; 58% men and 86% women); 96

men and 314 women, at the re-evaluation in 2008, Fig. 6 and Fig. 7 (flow chart).

The Primary Prevention Study, n= 7495, 30 years

>
>

The WHO MONICA Project 1985, n=1396, 22 years

—>

The WHO MONICA Project 1995, n=1616, 13 years

>

Postmenopausal women, n=80, 7 years
>

1970-1973 1985 1995 1997 2004 2008

Fig. 6 The diagram is a description of the follow-up duration with respect to the
different study populations in all of the papers in this thesis.



662 men and women
from the
WHO MONICA 1995

were identified

54 were deceased

or impossible to trace I

13 individuals had J
unknown adress

Response rate
495/608 = 81%

Invitation was sent to 608

men and women

Participation rate
410/608 = 67%

45 more individuals were
deceased

11 individuals died after the

invitation was sent

1
113 did not

respond
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complete
sampling

Fig. 7 Flow chart of the 13-year follow-up of 662 individuals with QUS and
hormones from the WHO MONICA 1995 cohort and re-examined in 2008.
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The Primary | WHO Post- WHO WHO
Prevention MONICA |menopausal MONICA MONICA
Study 1985 women 1995 2008
Population size 7495 1396 80 1616 410
Sex, Men Menand | Women Men and | Men and
(% women) Women Women | Women
(53%) (54%) (77%)
Age at entry, years 47-55 25-64 53-73 25-64 25-64
Participation rate, % 75 71 100 68 67
Fractured during 14 10 23 13 26
follow-up, %
HRT users, % 0 33 100 31 8
Calcium/vitamin D, % - <1 100 0 10
Lipid lowering, % <1 <1 0 0 15

Anthropometry

Body weight was measured to the nearest 0.1 kg in the fasting state with the subject
in underwear and without shoes. Body height was measured without shoes to the
nearest 1.0 cm. Body mass index (BMI) was calculated as body weight divided by
height squared (kg/m2). Waist circumference was measured with a soft tape midway
between the lowest rib margin and the iliac crest in the standing position. The hip
circumference was measured over the widest part of the gluteal region and the
waist/hip circumference ratio (WHR) was calculated. A single operator performed

the measurements at each examination.

Blood pressure

Paper I and II: Blood pressure was measured twice to the nearest 2 mm Hg on the
right arm in the sitting position, after 10 minutes’ rest. Disappearance of Korotkoff
sounds (phase V) was used to determine diastolic blood pressure. A random zero
blood pressure devise (Hawksley & Sons, Lancing, United Kingdom) was used. A

cuff size corresponding to the circumference of the right arm was chosen.



36

Physical activity at work and during leisure time was coded from 1 to 4, with 1
denoting sedentary work or leisure time activity, and 4 denoting very heavy work or
strenuous leisure time activity. This scoring system was developed by Saltin &

Grimby (102).

Physical activity

Work Leisure
Grade 1

Mainly sedentary work Complete inactivity
during leisure time,

e.g., watching TV

[TPaaTvakT

Grade 2
&; Some walking and standing
e.g., teachers, light tool and Moderate physical activity
% machinery workers for at least 4 hours/week,

e.g., cycling, walking to
work, gardeningf

Grade 3
Generally walking ﬁ_
with some lifting, Regular, more strenuous 3 (w’“
e.g., postmen and activity, e.g., running, ﬁg G
heavy tool and tennis, heavy gardemngﬁ
machinery workers
Grade 4 ]

Heavy manual work, Regular hard physical

e.g., lumberjacks, dock activity several times per

and farm workers week

Fig. 8 An illustration of the various grades of physical activity at work and
during leisure time based on the questionnaire by Grimby and Saltin. Reprinted
with the kind permission of Lars Wilhelmsen.
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Smoking habits were initially coded as 1 = never smoked; 2 = former smokers of
more than 1 month’s duration; 3 = smoking 1-14 cigarettes per day; 4 = smoking 15-
24 cigarettes per day; and 5 = smoking 25 or more cigarettes per day, in Paper I, and
current smokers were merged into one group. In Papers II, IV and V, smoking habits
were coded as 1 = current smokers, 2 = former smokers, and 3 = non-smokers.

The number of cups of coffee consumed per day was recorded. In Paper I, the
different consumption levels were merged into only non-drinkers and coffee
drinkers.

Psychological stress, defined as feeling tense, irritated, nervous, anxious, or having
sleep disturbances due to problems at home or at work, was rated from 1 to 6, with 1
= no stress experience, 2 = experiencing some stress periods at some point, 3 = some
stress periods during the last 5 years, 4 = several stress periods during the last 5
years, 5 = continuous stress during the last year, and 6 = continuous stress during the
last 5 years. For the analysis, grades 1-2, 3-4, and 5-6 were combined.

Alcohol abuse was dichotomised by the presence or absence of registration with the
Gothenburg Board of Social Welfare for medical or legal problems attributed to
alcohol (103).

Occupational class was based on current occupation, as recorded in the
questionnaire, and was further ascertained at the screening examination. The original
data on occupation were reclassified according to a socio-economic classification
system elaborated by the Swedish Central Bureau of Statistics, described in detail by
Rosengren et al. (104).

In Paper I, the highest class (employed and self-employed professionals, higher civil
servants, and executives) is denoted as 1 and the lowest class (unskilled and semi-
skilled workers in goods and service production; for example, industrial workers,

dockers, lorry drivers) is denoted as 5.
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Fractures

Records of X-ray verified fractures deemed to be of mainly osteoporotic origin
(upper arm, wrist, ankle, leg, hip, pelvis, rib, vertebrae and foot), according to the
International Classification of Diseases (ICD) 9 codes 805-825 and E885-E888, and
ICD 10 codes S07, S12, S22, S32, S42, S52, S62, S72, S82, S92, T08, T10, T12,
and T14 during 30, 20 and 13 years (1970-2008) were retrieved from the
Gothenburg hospital registers via the National Board of Health and Welfare,
Stockholm, Sweden.

Questionnaires regarding the number and type of fractures and how they occurred
during life were also assessed. Low energy fractures were regarded as possible

osteoporotic fractures, whereas other fractures related to accidents were not included.

Pharmacological treatment

Information on ongoing pharmacological treatment was asked for in 1985, 1995 and
2008 with similar questionnaires and coded according to the Anatomical
Therapeutic Chemical (ATC) Classification System. In paper IV, the N group is
defined as tranquilisers but comprised tranquilisers, sedatives, antidepressants, and

central nervous system-acting analgesics.

Bone measurements

Quantitative Ultrasound Measurement (QUS)

QUS (LUNAR Achilles, Madison, WI, USA) was performed using water-based
devices on the right os calcaneus with the subject in the sitting position. The heel
was placed in a bath of water with a temperature of 37°C between two ultrasonic
transducers. The ultrasound uses high-frequency sound waves to measure heel bone,
using the velocity of the ultrasound signal (Speed Of Sound=SOS) and the
frequency attenuation (Broadband Ultrasound Attenuation=BUA). SOS and BUA

are combined by the manufacturer to form an index called stiffness, which is



39

expressed as a percentage of the result from young adults (peak bone mass),
according to the manufacturer. The procedure took 20 minutes per subject. The same
operator performed the ultrasound measurements with the same QUS device
throughout each study (Paper III, IV and V). The QUS device was subjected to
service and software updates by authorised personnel according to the manufacturers
recommendations.

The standard error of a single determination was assessed according to the formula:
\ [(2di®)/2n], where £di’ is the sum of individual differences squared, and # is the

! standard

number of observations. The SOS varied between 1,441 and 1,584 m ~
error (SE) 3.71 (0.25%), in 36 subjects aged 34-66 years who were examined twice
with an interval of 1 h and the subjects walking around between examinations (105).
In these subjects, BUA varied between 80 and 138 db MHz . standard error 2.20

(2.18%), and stiffness varied between 84% and 142%, standard error 1.85 (2.77%).

Fig. 9 The QUS (left) and the DXA (right) devices that were used in the various

studies in this thesis. Printed with permission of the two operators.

Dual energy X-ray Absorptiometry (DXA)
Body mineral density (BMD) (g/cm®) and body mineral content (BMC) (kg) were
measured with DXA (LUNAR DPX-L, Lunar Radiation Inc., Madison, WI, USA),

including total body, lumbar spine (anterior-posterior L,-L,), femoral neck and distal
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radius. LUNAR software was used for scanning (version 1.33) and analysis (version
1.33). The in-house precision errors on the scanner used (system 7156), as
determined from duplicate examinations in 10 healthy subjects, were 1.46% for total
body BMD, 0.81% for anterior-posterior spine BMD, 1.25% for femoral neck BMD
and 1.66% for forearm BMD. The corresponding variation for total body BMC was
1.94%. The reference database used was the LUNAR USA reference population for
the region examined. A quality assurance test with a phantom was performed every
day and with a European phantom once a year. The SD for repeated measures was
0.01 g/em® (1%) for L,-L4 and 0.015 g/cm® (1.5%) for the femoral neck during both
short-term and long-term recordings. The same person performed all DXA

measurements during the entire study period in Paper II1.

Bioimpedance

Body composition was evaluated by impedance measurements (SEAC Multiple
frequency bioimpedance meter model SFB 2, UniQuest Ltd, Queensland, Australia)
based on resistance and reactance in the total body, Paper IiI, IV, V. Bioimpedance
is based on the concept that lipid-rich tissues are more resistant to an electrical
current than tissue rich in water and electrolytes. With this method the intracellular
and extracellular resistance is calculated and the fat-free mass, body fat and lean
body mass are derived on the basis of the given age, height and weight (106, 107).
Although the assessment of minor changes in fat-free mass and body fat is limited,
the method is considered as fairly reliable when performed in patients with stable

water and electrolyte balance (108).

Biochemical analyses

Venous blood samples from an antecubital vein were drawn between 8 and 10 am
after an overnight fast in all relevant studies. After centrifugation, serum and plasma

aliquots were frozen in 1ml glass ampoules and stored at -70°C until analysed,
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which took place within one year for all variables. Samples in menstruating women
were collected on cycle day 7-9.

Concentrations of serum total cholesterol, high-density lipoprotein cholesterol
(HDL), and triglycerides were determined enzymatically (Boehringer, Mannheim,
Germany). Fibrinogen was analysed according to a polymerisation method described
by von Clauss (109).

Serum total testosterone was determined by a non-extraction competitive
radioimmunoassay (RIA) (ICN Biochemicals Inc. Diagnostics Division, Costa Mesa,
CA, USA). The coefficient of variation (CV) was 16.3 % for total testosterone levels
at 2.0 nmol/l and 10.0% for total testosterone levels at 26.8 nmol/l. Serum total
oestradiol was determined by RIA (Clinical Assays™ Estradiol-2, DiaSorin,
Saluggia, Italy). The CV was 10.0 % for oestradiol levels at 0.4 pmol/l and 16.0 %
for oestradiol levels at 0.04 pmol/l. Sex hormone-binding globulin (SHBG) was
determined by Immunoradiometric Assay (IRMA) (Orion Diagnostica Oy, Espoo,
Finland). The CV was 4.2 % for SHBG levels at 19.7 nmol/l and 6.3 % for SHBG
levels at 76.3 nmol/l. Serum free testosterone was calculated according to
Vermeulen et al. (110). Serum IGF-1 was determined by RIA (Nichols Institute
Diagnostics, San Juan Capistrano, CA, USA) in 1995. The CV was 8% for IGF-1 at
levels of 67 ug/l and 6% at 332 ug/l. In 2008 Siemens Immulite 2500 (Siemens
Healthcare Diagnostics, Tarrytown, NY, USA) was used, which was 28% lower than
Nichols RIA, which was withdrawn after 1995. The equation was; y= 1995 value x
0.7245+ 12.6245, 1=0.9859 (n=138). Only converted values for IGF-1 are given.
Osteocalcin was determined using a double antibody radioimmunoassay method
(International CIS, Gif-sur-Yvette, France). Total CV was 11% at 13.9 pg/l, 8% at
10.7 pg/l and 8.8% at 23.3 pg/l.

Serum intact parathyroid hormone (PTH) was determined by immunoradiometric
assay (Nichols Institute Diagnostics). The intra-assay CV was 10% for the interval
4-10 ng/l, and 6% for the interval 11-30 ng/l; total CV was 6%.
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STATISTICAL METHODS

All the papers in this thesis are observational studies, based on different cohorts. A
“cohort” in epidemiology is defined as “any designated group of individuals who
are followed over a period of time” (111). Models regarding survival analysis were
used to study risk factors for fractures. In general, in survival analysis the outcome
event of interest is the time until an event occurs (112). Two basic concepts of
survival analysis are survival function and hazard function.

The survival function is the probability of not suffering the event of interest from the
start of the study to a specified time in the future (112). The hazard function
describes the momentary risk of an event, given that the individual has survived
until that point (112).

The momentary risk of osteoporotic fracture is expected to depend on current bone
quality variables and previous values of such variables are not expected to contribute
appreciably to the risk. This implies, together with some general assumptions, that
the predictive power of a bone quality variable determined at a baseline examination
normally decreases with time. One might say that a bone quality variable constitutes
a predictor of osteoporotic fractures if it is able to predict future bone quality. A risk
variable is thus more strongly related to future bone quality than to present bone
quality if its predictive power increases with time. A risk variable that affects bone
quality slowly could behave in such a manner.

The association between the hazard function and some risk factors was explored
using either the Cox proportional hazard model (113) or the Poisson regression
model (114). The Cox regression model requires that the hazard ratio (HR), which is
the relative hazard between two groups, is independent of time (113). The Poisson
regression is a model used to estimate a continuous hazard function (114). In
addition, in Paper II, the smoothing spline method was used. The model fits a
smooth curve on a set of observations in order to reduce the “noise,” thereby

increasing the transparency of the data and allowing for better statistical and clinical



interpretation (115). To characterise the predictive ability of a fracture risk factor,
the gradient of risk per one SD was used. The gradient of risk per one SD of a
predictor is the HR between two individuals, who differ by one SD with respect to

the predictor, but are equal with respect to other variables (82).

Statistics in Paper 1

The main objective of the study was to examine to what extent factors measured at
baseline in 1970-1973 (at age 46-56 years) predicted the incidence of hip fracture
over a 30-year follow-up period, until 2003, which extended into advanced age.
Subjects with missing values for baseline factors were excluded from the analysis.
The association between HR for fractures and risk factors were modelled using the
Cox regression and Poisson regression analyses. The change over time in risk factors

was analysed in a time-dependent analysis. The gradient of risk per one SD was used.

Statistics in Paper 11

Mean values, SDs and confidence intervals (CI) were calculated using conventional
methods. The Student’s t-test and chi-square test were used for a brief comparison
between groups. A special type of Poisson regression analysis was performed in
order to estimate continuous hazard functions, from which it is possible to calculate
the HR over time for osteoporotic fractures for each risk factor, taking age and sex
into account (114, 115). Only the first fracture was included in the analyses for
subjects who sustained more than one fracture. The gradient of risk per one SD was

used.

Statistics in Paper 111

The mean and SD were calculated using conventional methods. Simple correlations
were calculated using Pearson’s method. Partial correlations with adjustment for age

were performed. Multiple linear regression analyses were also performed using SOS,



BUA and stiffness as dependent variables in order to test independent associations.
Variables were entered in a stepwise forward manner. Differences between groups
were tested with ANOVA during 7 years. Differences of repeated measurements

were tested using Duncan’s ANOV A multiple range test.

Statistics in Paper IV

Means and SDs are shown for continuous variables. Correlations with age were
calculated using the Spearman rank correlation. The age-adjusted odds ratio (OR)
with a 95% CI was calculated. Multiple, logistic regression models were used to test
the interaction between factors. Variables were entered in a forward manner. In
order to further elucidate the influence of stroke on the risk of fracture we estimated
the hazard function of fracture from the stroke event (after baseline 1995) to the end
of 2008 or to death, if that occurred earlier. The fracture hazard function before or
without stroke was estimated for comparison. For both hazard functions the
variables time since baseline and current age were included. Changes between
fractured and non-fractured groups in 1995 and 2008 were tested with the Mann-
Whitney U-test for continuous data, Fisher’s Exact test for dichotomous variables,
and Mantel- Haenszel’s Chi Square test for ordered categorical variables.

In the subgroup, comparison of intraindividual changes between 1995 and 2008 was

perfomed with the Wilcoxon sign rank test.

Statistics in Paper V

Means and SDs were calculated using conventional methods. For comparison
between groups, the Mantel-Haenzel Chi Square test was used for ordered
categorical variables and the Mann-Whitney U-test for continuous variables. Odds
ratios (OR) were calculated using the chi-square test for the analysis of proportions

between groups.



Results - Paper [

RESULTS

In total, 2186 fractures had occurred in 1031 out of 7495 men (14%) during 30

years; the fracture distribution is shown in Fig. 10.

In total, 451 of 7495 (6%) men sustained a hip fracture, Fig. 11. Men who had died

from cancer within 2 years of their hip fracture (n=39) were excluded from the

analysis in order to avoid including pathological fractures due to metastatic disease.
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Fig. 10 Distribution
of 2186 fractures in
1031 men during
30-year follow-up of
7495 men,

start in 1970.

Fig. 11
Distribution of
451 hip
fractures in
various age
groups of men
during 30 years,
start in 1970.
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Variables independently associated with hip fractures are shown in Table 4. High
degree of leisure-time physical activity, high occupational class, and high BMI
protected against hip fracture. However, work-related physical activity was not

protective. Smoking, tall stature and interim stroke or dementia increased the risk.

Table 4 Factors independently associated with the incidence of hip fractures during
30 years of follow-up of 7495 men according to multivariable Cox analysis.

Variable Parameter | Standard | P-value |Hazard 95 %

estimate Error Ratio Confidence
Interval

Body mass index -0.061 0.018 0.0008 | 0.941 (0.908 -0.975

Physical activity, -0.192 0.081 0.017 0.826 |0.705-0.967

leisure

Age 0.080 0.024 0.0010 | 1.084 |[1.033-1.137

Height 0.036 0.008 <0.0001 | 1.037 |1.020-1.053

Low occupational class 0.158 0.046 0.0005 | 1.171 |1.071-1.281

Smoking 0.302 0.105 0.0040 | 1.352 | 1.101-1.661

Alcoholic intemperance | 0.600 0.106 [<0.0001 | 1.821 |1.473-2.252

Stroke before fracture 0.762 0.143 <0.0001 | 2.143 |1.618 -2.839

Dementia before 1.639 0.180 <0.0001 | 5.150 |3.621-7.326
fracture
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For the risk score of hip fracture determined in the present study, the gradient of risk
as a function of time since measurement was calculated with corresponding 95%
confidence intervals (Fig. 12). This risk function was based on variables in Table 4,
but alcoholic intemperance, stroke and dementia before the fracture were excluded.
A high gradient of risk was seen soon after the baseline measurement. The gradient
decreased significantly (p<0.001) during the latter part of the time range, but the

hazard associated with the risk function was still 2.0, 20 years after baseline.

Gradlent of risk per 1 SD
[ 4]

2_/’_\

0 5 10 15 20 25 3o 35
Time since measurement [years)

Fig. 12 Gradient of risk per one SD of the significant risk factors for hip fractures in
Paper I. The bold curves show the estimated gradient of risk per 1 SD and the thin
lines the 95% confidence intervals.
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Results - Paper I1

A total of 258 osteoporotic fractures occurred in 143 individuals out of 1396 (10%).

The distribution of these fractures is shown in Fig. 13.

Fig. 13

Distribution of
258 fractures in
143 individuals

during
20-year follow-up
of 1396 men and
women, start in
1985.
Humerus
Hip 8%

29%

Previous fracture, smoking, coffee consumption, cholesterol, and lower BMI
increased the risk of fracture independently of age and sex. Using a spline Poisson
regression analysis adjusted for age, sex, and BMI, a significant increase in the

gradient of risk for cholesterol by time (p=0.0271) was shown, Fig 14.
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Fig. 14 Serum total cholesterol as an osteoporotic fracture predictor as a function of
time. The dotted line shows the risk gradient as being constant over time (Cox’s
proportional hazard model). The thin solid line shows the gradient of risk per one
SD of serum total cholesterol when the logarithm is linear as a function of time
(Poisson regression model). The thick solid line shows the gradient of risk according
to smoothing spline functions (Poisson regression model).

Results - Paper 111

Osteoporosis, determined as a T-score <—2.5 SD, was found at baseline in 70% and
56% with QUS and DXA, respectively, in 80 osteoporotic women with osteoporosis
and/or fractures. The corresponding figures at the seven-year follow-up were 74%
and 65%, respectively. Osteoporosis and osteopaenia were found in 94% measured
with QUS and 98% measured with DXA at baseline and in 93% and 95%,
respectively, at 7 years.

Sensitivity was calculated as the number of subjects with t-score <-2.5 SD according

to QUS/ the number of subjects with t-score <-2.5 SD according to DXA.



Specificity was calculated as the number of subjects with T-score >-2.5 SD
according to QUS/the number of subjects with T-score >-2.5 SD according to DXA.
The sensitivity for QUS compared with DXA as the “gold standard” ranged from
76% to 84% at repeated measurements during 0—7 years, and the specificity ranged
from 36% to 57% during the same time period.

A QUS T-score <—3.65, corresponding to a stiffness index <60% of young adults,
was consistent with a T-score of <—2.5 SD at DXA. This corresponded to SOS
levels <1485m/s and BUA <96 db/MHz measured with QUS.

%
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1 2 3 5 7 Years of follow-up

Fig. 15 Sensitivity and specificity of QUS against DXA in diagnosing osteoporosis
according to the operational definition of osteoporosis.
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Results - Paper IV

Since 1995, 321 fractures had occurred in 210 out of 1616 subjects (13%), (women
15%, men 10%) during 13 years. The fracture distribution is shown in Fig. 16.
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Stroke before 1995, physical inactivity during leisure time, age, female sex and
fewer previous fracture were independent predictors of future fracture.

Among subjects with fractures, more CVD, mainly stroke, higher cholesterol levels
but less lipid-lowering treatment, higher blood pressure and fibrinogen levels, lower
QUS and lower physical activity during leisure time were found. More use of
tranquilisers and, in women, low oestradiol levels were present in fractured
compared with non-fractured subjects.

The age-adjusted ORs showed that subjects with fractures were more often women,
had lower height, QUS, physical activity during leisure time and IGF-1, higher
cholesterol, triglycerides and more myocardial infarctions and stroke than those who
did not fracture. In women, serum oestradiol was lower in those with fractures.

Serum oestradiol or testosterone in men did not differ between those who fractured
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and those who did not. In a forward stepwise linear regression analysis, only higher
age, lower QUS and lower physical activity during leisure time were independently
associated with fractures.

HRT had decreased from 31% to 8% during follow-up and lipid-lowering and anti-
osteoporotic agents had been introduced. However, the latter were used less than

expected in fractured subjects.

Results - Paper V

Secular trends in sex hormones were seen in men of similar age, 13 years apart, with
lower serum free testosterone in all men in 2008 compared with men of similar age
in 1995. Body weight, physical activity and fracture incidence were unaltered.

All women in 2008 had higher fracture incidence, 26% vs 14% (p=0.00003), than
women of similar age in 1995. The vertebral compressions in postmenopausal
women of 2008 was higher, 19% vs 8% (p=0.031), than in women of 1995.

Women aged 45-54 years had lower serum oestradiol in 2008 mainly due to
withdrawal of HRT (decreased from 35% to 8%). These women had higher physical
activity during leisure time and higher bone mass and lower physical activity at work.
Serum lipids had declined in all men and women with time, irrespective of the use of

lipid-lowering agents.
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DISCUSSION

Physical inactivity, smoking, high cholesterol and stroke were independent risk factors
for fracture, indicative of a link between metabolic bone disease and CVD.

The mentioned risk factors are modifiable but non-modifiable risk factors, such as
high age and female sex, were also found. Secular trends were found in sex hormones

and fractures in men and women.

Physical activity and fractures

The main finding in Papers I and IV was undoubtedly the effect of physical activity, a
modifiable protective factor against future fractures.

In Paper I, a follow-up period as long as 30 years for men revealed that physical
activity during leisure time was the strongest protective factor against hip fractures,
along with high occupational class and high BMI. This effect was true not only in the
univariate analysis of potential risk factors, but persisted in the multivariate analysis
independently of other factors. The effect of physical activity on bone density has been
shown to be beneficial in all ages (116, 117). Exercise during late adulthood was
associated with less bone loss in postmenopausal women (118). Exercise early in life
was associated with higher bone density in men (119), although the activity has to be
continuous throughout life (120). Hence, it never seems to be too late in life to change
to a more active leisure time. Leisure time physical activity is mainly performed
outdoors whilst it correlated positively with vitamin D, which is beneficial for bone
synthesis (58).

In order to maintain a good skeletal condition and reduce the risk of falling, balance
training, improved muscle strength and reflexes are important to reducing the fall risk
(121, 122). A longitudinal study in men of similar age by Michaelsson et al. (123) also
showed a protective effect of exercise against hip fractures. Similar and supportive
results are also found in other studies (124-128).

However, physical activity during work had the opposite effect in Paper I. According



to the questionnaire used, the higher the degree of physical activity at work, the
heavier were the weight-lifting activities. On the other hand, men with high physical
activity at work also had lower occupational class (coded as 1 for the highest, and 5
for the lowest) and a greater frequency of alcohol intemperance. When adjusting for
those factors it was revealed that physical activity at work did not have a clear
association with hip fracture, but was rather mediated by lower occupational class and
alcohol abuse.

Men who were physically active during their leisure time were of a higher
occupational class, and were less often registered for alcohol abuse. Thus, the
decreased fracture incidence in physically active men could be explained, in part, by
these factors. Yet, in the multivariable analysis, high leisure time physical activity was
still associated with a lower risk of hip fracture. Earlier analyses have also found that
leisure time physical activity protects against fractures (123, 125-130).

To our knowledge, no other studies have reported a difference with regard to the
fracture risk between leisure time activity and work activity over such a long follow-
up period. Recently, Moayyeri et al. (131) showed that leisure time physical activity
decreased the HR of hip fracture in men but physical activity at work did not affect the
risk. That study comprised 6514 men with a mean age of 62 years who were followed

for 7.5 years; thus, a younger cohort and shorter follow-up time than in our cohort.

In Paper 1V, a 13-year follow-up study, confirmed the results of the 30-year follow-up
concerning physical activity. In the whole cohort of 1616 men and women, higher
leisure time physical activity decreased the risk of future osteoporotic fracture, which
persisted in the multivariable logistic regression analysis, as well.

In this young cohort, 25-64 at study start, the fracture panorama was different
compared with Paper I, with only a few hip fractures. The majority of fractures were
radial, knee, and ankle, and could be explained by the well-preserved reflexes in
younger individuals. Physical activity and fractures had increased in 2008 and a more

active lifestyle may have contributed to more accidents and falls (132). This is also in
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accordance with other studies reporting the same effect on osteoporotic fractures (130,

131).

Physical inactivity has been considered as a risk factor for CVD outcomes (63, 65),
especially in women (64). It is now shown that it is a risk factor for fragility fractures

as well, the effect of which is present at different ages in both men and women.

High cholesterol and fractures

In Paper 11, during 20 years of follow-up, serum total cholesterol was identified as an
independent osteoporotic fracture risk factor, with a predictive power that improves
with time. The importance of cholesterol is so far underestimated. This could open up
a new dimension of the fracture risk assessment.

These findings are in line with and support the results in Paper I, in the sense that hard
CVD end points, such as stroke and dementia, are strong predictive risk factors for hip
fractures among elderly men. Thus, serum total cholesterol is a risk factor not only for
vascular-associated diseases, but also for osteoporotic fractures, perhaps pointing
towards a common long-term origin of metabolic bone and cardiovascular disease.

As cholesterol’s predictive power improves with time and does not have the same
effect at any given time, it is reasonable to conclude that only studies with long
follow-up times will be able to assess the true power of cholesterol as an osteoporotic
fracture risk factor. In this perspective, it is very difficult to evaluate studies of shorter
duration aimed at investigating cholesterol as an independent osteoporotic fracture risk
factor (133, 134), as well as lipid-lowering studies, which have been based on follow-

up times of maximally 5 years (135, 136).

Some researchers have demonstrated an indirect association between serum total
cholesterol and BMD, which is a major determinant of fragility fractures (137-141).

To explain this association, some authors came to the conclusion that it was the result
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of oestrogen deficiency rather than the cholesterol per se, although prospective studies
are still warranted. This 20-year longitudinal study supports the notion that serum total
cholesterol plays a role in causing osteoporotic fractures independently of gender and
HRT. This is in line with a study by Wilhelmsen et al. (142), who reported that serum
total cholesterol increases with age independently of gender, and Reinmark et al. (143),
who reported an association between statin prescriptions and risk of hip fracture

independently of gender in a population-based case control study.

It will be of major interest to study future fracture incidence as serum cholesterol
decreases in the general population even without lipid-lowering treatment (144), and
to determine whether lower cholesterol per se, independently of lipid-lowering agents,
could result in a lower fracture incidence in the population. However, large studies,
like 4S, LIPID, HPS, etc., reviewed by Rizzo et al. (145), have hitherto failed to show
that statins prevent fractures. It has been debated whether the possibly beneficial effect
of lower lipid levels on bone could be attributed to statins per se or to decreased
cholesterol per se. A recent case control study showed a synergistic effect of statins

and HRT on fractures but not from statins alone (146).

Stroke and fractures

Stroke and dementia, end points of CVD, predicted hip fractures in 7495 men at 30
years of follow-up in Paper I, and stroke predicted fractures in 1616 men and women
in a 13-year follow-up period in Paper IV. A recent review collected evidence of an
association between CVD and bone loss (147). However, the majority of the studies
referred to were cross-sectional. Among the prospective studies, only few had longer
follow-up periods than 10 years and fracture as an outcome was rare (147). An
association between low BMD and stroke in elderly women was seen during two years
of follow-up (148), but very few studies have found an association between fractures

and stroke.
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The results from Papers I, Il and IV may indicate a link between metabolic bone
disease and CVD. Stroke has been found to increase the risk of hip fracture 1.5 to 4-
fold (149, 150). The risk of an osteoporotic fracture was found to be increased after
both a diagnosis of coronary heart disease (CHD) (HR 2.32) and of stroke (HR 5.09)
in 20-year follow-up of 30 000 twins (151).

In a population-based case control study of both men and women Pouwels et al. found
a two-fold increased risk of hip fracture in patients with stroke at any time before
fracture, but the risk was highest in patients who suffered a stroke within 3 months
before the hip fracture (152). It has previously been shown that the risk of an
osteoporotic fracture is higher during the first year after a stroke (153), which is in line

with Paper IV.

The finding of more CVD, mainly stroke, and higher blood pressure, cholesterol,
triglycerides and fibrinogen levels in fractured subjects may indicate a vascular
pathogenesis in the development of fractures. It is tempting to speculate that a
microangiopathy process is present also in bone. As in atherosclerosis, increased
amounts of lipids accumulate in perivascular areas in bone (154), and a series of
pathophysiological mechanisms seem to have a common role in the development of
atherosclerosis and osteoporosis (154). This hypothesis might also explain why
smoking is a strong risk factor for fractures (155-157). As seen in Paper IV, smoking
had decreased to 11% in 2008 and was no longer a risk factor for fracture.
Furthermore, the above hypothesis is strengthened by the inverse relationship between
changes in QUS and cholesterol in Paper IV. A recent study on the estimated
probability in women with CVD showed an increased risk of osteoporotic fractures

(158).

Socioeconomic status

In Paper I, men of low occupational status had an increased fracture risk. This was not
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explained by their slightly higher smoking rates (104, 159), by alcohol abuse, or by
intercurrent stroke or dementia. Few studies have investigated socioeconomic status as
a potential risk factor for fractures. A British report found that people of lower
socioeconomic status had a higher risk of falling but no increased risk of hip fractures
(160). Marmot (161) has shown that socioeconomic factors, denoted the status
syndrome, are independent risk factors for various diseases, and the present results
indicate that socioeconomic factors are also risk factors for osteoporotic fractures. A
recent study by Mattila et al. (162) on socioeconomic status and fractures in young
adult men (median age 19 years) showed that living in an urban area (town) increased
the risk of fractures but that the level of education was not associated with an
increased risk.

On the other hand, the incidence of osteoporotic fractures is higher in countries with

economic prosperity, possibly due to decreased physical activity (57).

Pharmacological treatment and fractures

Fewer subjects with fractures had anti-osteoporotic agents than expected and fewer
had lipid-lowering agents, in spite of higher serum cholesterol. This indicates under-
treatment and also that osteoporotic patients are not properly taken care of in general.
HRT use was present in 31% of the patients in the subgroup in 1995 and this figure
had fallen to 8% in 2008.

The WHO MONICA 1995 cohort was probably one of the last treatment-naive
populations with regard to anti-osteoporotic treatment and lipid-lowering agents at
study start in 1995. The pharmacological treatment both in 1995 and 2008 mirrors the
underlying secular trends based on published results from large clinical trials
regarding fracture prevention (163), CVD prevention (164), and risk of cancer due to
HRT (165). HRT use in 1995 was very frequent and was used both for menopausal
symptoms and as treatment for osteoporosis. HRT use has declined in the general

population by 23%, leading to a decrease in serum oestradiol levels.
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Use of tranquilisers and anti-hypertensives had increased in all subjects in 2008. These
two major treatment categories are associated with a risk of vertigo, dizziness and

falling.

Current smoking and fractures

Current smoking is a known risk factor for fracture and is partly BMD-dependent
(155). Smoking was identified as a risk factor for fractures in men during a 30-year
follow-up (Paper I) but also in both genders during a 20-year follow-up (Paper II).
This is in line with our previous knowledge on risk factors for fractures (166, 167).
Smoking declined in society from 26% to 11% between 1995 and 2008 and its effect

on the future fracture incidence is unclear.

Age, female sex and fractures

Age contributes to the fracture risk independently of BMD. For a given BMD, the risk
of fracture is higher in the elderly, compared with younger individuals (168, 169).
Johnell et al. showed that the accuracy of BMD at predicting fractures at different sites
is improved when age is taken into account. For instance, for hip fracture prediction
the gradient of risk per SD decrease in femoral neck BMD was much higher in
younger than in older men and women (170).

After the menopause, women are at increased risk of sustaining osteoporotic fractures,
mainly due to the decrease in oestrogens (171). Female sex was clearly a risk factor
for fracture, particularly pronounced in the 13-year follow-up, Paper IV. Age and

female sex, however, are non-modifiable risk factors.
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BMI and fractures

In Papers I and II, high BMI was protective against fracture independently of other
factors. The risk ratio (RR), adjusted for age, for hip fracture is 1.95 when individuals
with a BMI of 25 kg/m” were compared with those with a BMI of 20 kg/m” without
taking BMD into account (172). However, the association with a BMI less than 20
kg/m® is dependent upon the BMD. Nevertheless, a modest risk persists after
adjustment for BMD with respect to hip fractures (173). A comparison between 25 and
30 kg/m” is not associated with an expected decrease in risk, which is interpreted as

leanness being a risk factor rather than high BMI being a protective factor (173).

Prior fracture as a risk factor for future fractures

The fracture risk is approximately doubled in the presence of a prior fracture (30).
When BMD is taken into account, the RR is slightly decreased by approximately 10-
15% (174). Prior fracture has been shown to be a risk factor for future fractures in
Paper II, but this was not confirmed in Paper IV. However, in Paper IV fractures at
ages below 40 years were, most probably, related to sports and not considered to be
osteoporotic. On the other hand, a more active lifestyle in the elderly might have lead

to more fractures (132).

Alcohol misuse and fractures

Alcohol abuse was found to be an independent risk of hip fractures in men, Paper I.
The association between alcohol intake and the risk of fracture was dose-dependent
and of a U-shape regarding the hip fracture risk in older men (175). Moderate alcohol
consumption has not been shown to increase the fracture risk (176), whereas alcohol
intake of three or more units per day results in an increased fracture risk (176, 177).

The alcohol use in Paper I was heavy, as the data were collected from registrations by
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the Gothenburg Board of Social Welfare for medical or legal problems.

Secular trends in hormones and fractures

Secular trends in sex hormones, with lower testosterone in men, were found. This is in
line with a prospective study that showed an age-independent decline in serum
testosterone in American men aged 45-79 years during 17 years (178). A Danish study
of WHO MONICA cohorts also showed similar secular trends in corresponding ages
to those in the present study (179). However, no secular trends in fracture incidence
were found in men. Anthropometry could not explain the present results. The observed
secular trend with decreased testosterone in men today is highly likely to be mirrored
in the coming 10-20 years with an increased fracture incidence if the male sex
hormone is of importance for bone structure. Secular trends in hip fractures are being
discussed (180). Hip fractures are mainly due to falls and nutritional factors are
important for the cortical bone.

Serum testosterone was higher in young women in 2008 compared with young women
in 1995, and serum oestradiol was lower in the postmenopausal ones in 2008. The
latter could be attributed to the almost total cessation of HRT in the past ten years.
Secular trends in fracture incidence were seen in parallel in women, along with a
higher incidence of vertebral fractures nowadays in Paper V. According to these
results, the effect of HRT withdrawal seems to resulting rapidly in an increase in
trabecular bone fractures, which are directly dependent on sex hormones. The results
support the importance of oestrogen in the bone synthesis (171).

Nevertheless, serum lipids have declined in the general population during the last 15
years, irrespective of the use of lipid-lowering agents (144, 181). It will be of interest
to see whether the lower blood lipid levels will result in a reduced fracture incidence in

the long term, which would be in line with the results in Paper I1.
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Limitations

Limitations in Paper [

Registry data was used to identify end points. No hormones or bone markers were
analysed. However, biochemical analyses available in the field of osteoporosis were

limited in 1970.

Limitations in Paper Il

The study lacks sufficient power to prove causal relationships; i.e., whether
cholesterol causes myocardial infarction, which in turn, may increase the risk of
falling. Nor was it possible to investigate other more specific mechanisms, such as

local damage to the bone.

Limitations in Paper I11

This was a study with a small sample size. However, good subject compliance
(100%) was possible with repeated QUS and DXA measurements during 7 years.
The number of sustained fractures at follow-up was small and fracture prediction

with QUS based on the correlations with BMD or BMC was not possible.

Limitations in Paper IV
The population sample size was small and the follow-up of 13 years was relatively

short. The age span is young, with few fracture end points, especially hip fractures.

Limitations in Paper V

The sample size for the hormone analyses was small, especially in 2008.
Bioimpedance is not a fully reliable method, but the relationship between fat-free
mass and fat mass could at least be studied. The RIA method for analysis of sex
hormones is not trustworthy either, compared with mass spectometry, but it was the
method of choice in 1995 worldwide. In order to test our hypothesis of possible

secular trends it was necessary to use the same method also in 2008.
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Strengths

Strengths in Paper |

The strengths of the study were the large cohort of men and the long follow-up period
of more than 30 years. This is one of the longest reported follow-ups of fractures in men.

Furthermore, the hip fractures were verified by X-ray.

Strengths in Paper 11
The cohort was a random population sample of young, treatment-naive men and women,

who were subjected to a long follow-up time of 20 years with fracture end points.

Strengths in Paper 111

The strengths of the study were its long duration, frequent measurements and no drop-
outs, except for one death. All the women received similar osteoporotic treatment at
start and osteomalacia and other possible secondary reasons for low BMD were
excluded. The measurements were performed by the same person, and the same QUS

and DXA devices were used throughout the study.

Strengths in Paper IV

All CVD incidents were verified through hospital registers and were strictly validated
according to the WHO MONICA protocol and the fractures were verified by X-ray. We
have captured the ages where many patients begin to develop fractures of osteoporotic
origin and suffer from CVD events. In addition, the cohort was treatment-naive

regarding anti-osteoporotic and lipid-lowering agents at start in 1995.

Strenghts in Paper V

The setting and the devices were the same, except for the known change in IGF-1
method, in both examinations. Bone measurements with QUS were well correlated with
DXA. However, for fractures we used the full cohort and matched comparable sample

sizes of around 200 subjects in each age group.
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CLINICAL IMPLICATIONS

How to prevent the first fracture — Primary prevention

It is of crucial importance that the general population adopts a healthier lifestyle and
increases their general daily physical activity and outdoor activities. Of great
importance - and a new finding for primary prevention - is that the recommended diet
is similar to the one in CVD. Hence, lower cholesterol levels should be aimed at.
Furthermore, in the same way as in CVD, smoking cessation should be strongly
recommended. Low BMI should be avoided when reaching the “fracture” ages.
Finally, it is up to the physician to recognise individuals at high risk of sustaining
fractures in the same way as with CVD. A lot speaks in favour of common risk
profiles with the exception of high BMI. Physicians who take care of stroke patients
should be informed about the increased risk of fractures after an incident stroke.
Special fall-preventive strategies should be advertised and promoted, such as trendy
walking sticks and walking aids, so that younger stroke patients do not avoid taking
advantage of such aids.

Nevertheless, a strong skeleton is built up during growth and a lifestyle with proper
nutrition, physical activity and no smoking should be advertised in school as well to
the younger generation. Even if there may be a common genetic denominator between
osteoporosis and CVD (182), it is the chosen lifestyle that counts.

Physical activity, non-smoking and low cholesterol were factors of importance for
reaching 90 years (183). Men and women could survive their the 100" birthday in the

upright position with a maintained skeleton.

How to prevent the second fracture — Secondary prevention

Once a fracture has occurred, treatment should be initiated. A fracture chain should be
developed and incorporated in the health system in each country so that all fractured

individuals have the same chances to receive proper treatment and follow-up.
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Modifiable risk factors for fractures
- a link between metabolic bone disease and CVD
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CONCLUSION

Physical inactivity, smoking, high cholesterol and stroke were independent risk
factors of fracture, indicative of a link between metabolic bone disease and CVD.
The mentioned risk factors are modifiable but non-modifiable risk factors, such as
high age and female sex, were also found. Secular trends were found in sex
hormones in both genders, and in women also in fracture type and incidence.
Lifestyle modifications that promote physical activity throughout life, non-smoking
and low cholesterol, but avoid leanness and falling, could potentially prevent a
significant proportion of fractures. Nutritional factors need to be better identified.
Primary prevention for cerebro-cardiovascular disease is also warranted for fracture
prevention in the population.

Awareness among physicians is crucial in order to start treatment after a fracture as

secondary prevention.

Take home message

Identify possible risk factors early in life!
You can modify your fracture risk!
It is never too late to change your lifestyle!
Avoid falling!



68

ACKNOWLEDGEMENTS

This thesis would not have been possible without the outstanding work and invaluable contribution
of the bright researchers, who initiated the long follow-up studies in this thesis, the research staff,
and the individuals who participated.

I would like to express my sincere gratitude and appreciation to the following persons, in
particular;

Kerstin Landin-Wilhelmsen, my main supervisor, for her outstanding guidance in the field of
research, her incomparable enthusiasm and research-is-a-lifestyle attitude, her perfectionism
(“eagle-eyed” in editing), generosity, and for believing in me and giving me her full support in this
joyful journey to the “new world.”

Lars Wilhelmsen, the principal investigator in The Primary Preventive Study and the WHO
MONICA cohorts in Goteborg, for his invaluable contribution to this work, his generosity in
allowing me access to these large and cohorts with long-follow-ups, his sharp thinking, and for
serving as a co-supervisor during all these years.

My co-authors, Bengt-Ake Bengtsson, Ingvar Bosaeus, Per-Olof Hansson, Anders Lindahl,
Goran Lindstedt, Goran Olerdd, Annika Rosengren, and Tomas Simonsson, for their valuable
contributions with their expertise in these works and the good advice.

Per-Olof Hansson, my co-supervisor, former clinical supervisor and a good friend, for
introducing me to Kerstin Landin-Wilhelmsen; for his enthusiasm, kindness and for believing in
me already when I took my first steps in Sweden.

Georg Lappas, Mattias Molin and Anders Odén, for their expert contribution to the statistical
analyses, and for exploring the data in the best possible way.

Sigrid Lindstrand, who unexpectedly passed away three years ago, and Stella Nakate, who
continued the outstanding and highly appreciated work with the WHO MONICA re-examination,
for their kindness and high spirits during the data collection; Matty Hillqvist, for performing all
the DXA examinations during seven years; Anna Olsson and Annika Reibring for excellent work
with posters; Ingrid Hansson and the rest of the staff at the Center for Endocrinology and
Metabolism at the Sahlgrenska University Hospital (SU/S), for their professional work, help, and
kindness all these years.

The staff at the Section for Preventive Cardiology, in cooperation with WHO at SU/S for the
their enormous work with the WHO MONICA cohorts in 1985 and 1995.

Louise Hellner, Kristina A. Johansson, Per-Arne Lundberg and the staff at the Laboratory
for Clinical Chemistry, for their help with the blood samples.

Goran Matejka, Dick Stockelberg, Bengt-Ake Bengtsson, Lena Bokemark and Gudmundur
Johannsson, present and former Heads of the Department of Medicine and the Section for
Endocrinology, for encouraging clinical research in our Department.

Hans Carlsten, Henrik Sjovall, Olle Isaksson and Birgitta Ahldén, at the Institute of Medicine
at Sahlgrenska Academy, University of Gothenburg, for their serious work to develop research
opportunities among clinicians.

All my colleagues at the Section for Endocrinology at the SU/S, each and everyone of them,
for always being so kind, sharing the knowledge and expertise they have gained, both clinically
and in the field of research, and the unique atmosphere at work. Always a joy!



69

The staff at the Section for Endocrinology, ward 132, outpatient and thyroeid clinic, for the
fantastic feeling I get every time I work with them, always highly professional and pleasant.

Oskar Ragnarsson, responsible for planning the schedule at the section, and a very good friend,
for his invaluable support and understanding, interesting discussions and for sharing the same
principles.

My roommates at work, Catharina Olivius, Helena Filipsson, Ragnhildur Bergthorsdoéttir,
Dimitris Chantzichristos, and Daniel Olsson, for the pleasure of sharing time, worries, jokes and
laughter with them.

All my colleagues at the Department of Internal Medicine at SU/S, for providing an excellent
working environment, and especially Daniel Aberg for always being so lively and pleasant, yet so
professional.

Yvonne Tizard, who has corrected the English language in this thesis and all the papers in it.
Putte Abrahamsson, Head of the Department of Internal Medicine at SU/Ostra for his efforts in
developing clinical research.

Henry Eriksson, for having introduced me to research by participating in clinical projects;
Ioannis Alexopoulos, who passed away so early, for his valuable friendship, help and advice, and
all my former colleagues at SU/Ostra for the great memories I have from the years I worked there.
The staff at the AK-Mottagning at SU/Ostra for surrounding me with warmth and care and
always thinking of me.

A special thanks to my precious friends both in Greece and here in Sweden for their support;
Kyriakos, Evi, Apostolos, Panagiota, Inga-Lill, Michael, Eleni, Smita, Antonis, Giorgos,
Petros, Andreas, Marianna, David, Terhi, Anders, Gloria, Giorgos, Elias, Kaiti, Evangelos,
Aris, Spiros, and Maria.

My wonderful big Greek family; my parents Konstantinos and Eleftheria, for their unlimited
support in and by any means, their sense of humour, their love, for great memories, and for always
encouraging me to “spread my wings”; my precious sister Zetta, for her inspiration, support and
care; Eleni and Fotis and Giorgos and Avgi, and their wonderful children.

At last, but not, by any means, least, my husband Nikos Papadimitriou for his endless support and
belief in every new project I set out to undertake, for his fantastic sense of humour, and for the love
and care with which he surrounds me. Thank you!

The support from The Swedish Heart-Lung Foundation, the Swedish Council for Working Life and
Social Research, the Faculty of Medicine at the University of Gothenburg, the ALF agreement at
SU (Olle Isaksson, Claes Ohlsson, Kerstin Landin-Wilhelmsen and ST-ALF), and the Goteborg
Medical Association is gratefully acknowledged.



70

REFERENCES

1. Ammann P, Rizzoli R. Bone strength and its determinants. Osteoporos Int 2003;14
Suppl 3:S13-18

2. Bouxsein ML. Bone quality: where do we go from here? Osteoporos Int 2003;14 Suppl
5:S118-127

3. Bouxsein ML (2005) Determinants of skeletal fragility. Thesis. Best Pract Res Clin
Rheumatol 897-911

4. Bouxsein ML, Karasik D. Bone geometry and skeletal fragility. Curr Osteoporos Rep
2006;4:49-56

5. Martin TJ, Seeman E. Bone remodelling: its local regulation and the emergence of bone
fragility. Best practice & research Clinical endocrinology & metabolism 2008;22:701-722

6. Seeman E. Invited Review: Pathogenesis of osteoporosis. J Appl Physiol 2003;95:2142-
2151

7. Brandi ML. Microarchitecture, the key to bone quality. Rheumatology 2009;48 Suppl
4:iv3-8

8. Greenspan SL, Myers ER, Maitland LA, Resnick NM, Hayes WC. Fall severity and
bone mineral density as risk factors for hip fracture in ambulatory elderly. JAMA
1994;271:128-133

9. Courtney AC, Wachtel EF, Myers ER, Hayes WC. Age-related reductions in the
strength of the femur tested in a fall-loading configuration. J Bone Joint Surg Am 1995;77:387-
395

10. Mosekilde L. The effect of modelling and remodelling on human vertebral body
architecture. Technol Health Care 1998;6:287-297

11. Seeman E. Pathogenesis of bone fragility in women and men. Lancet 2002;359:1841-
1850

12. Jepsen KJ. The aging cortex: to crack or not to crack. Osteoporos Int 2003;14 Suppl
5:S57-62; discussion S63-66

13. Melton LJ, 3rd, Thamer M, Ray NF, Chan JK, Chesnut CH, 3rd, Einhorn TA, Johnston
CC, Raisz LG, Silverman SL, Siris ES. Fractures attributable to osteoporosis: report from the
National Osteoporosis Foundation. J Bone Miner Res 1997;12:16-23

14. Seeley DG, Browner WS, Nevitt MC, Genant HK, Scott JC, Cummings SR. Which
fractures are associated with low appendicular bone mass in elderly women? The Study of
Osteoporotic Fractures Research Group. Ann Intern Med 1991;115:837-842

15. Kanis JA, Oden A, Johnell O, Jonsson B, de Laet C, Dawson A. The burden of
osteoporotic fractures: a method for setting intervention thresholds. Osteoporos Int
2001;12:417-427

16. Stone KL, Seeley DG, Lui LY, Cauley JA, Ensrud K, Browner WS, Nevitt MC,
Cummings SR. BMD at multiple sites and risk of fracture of multiple types: long-term results
from the Study of Osteoporotic Fractures. J] Bone Miner Res 2003;18:1947-1954

17. Assessment of fracture risk and its application to screening for postmenopausal
osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser 1994;843:1-
129

18. Delmas PD, Marin F, Marcus R, Misurski DA, Mitlak BH. Beyond hip: importance of
other nonspinal fractures. Am J Med 2007;120:381-387

19. Johnell O, Kanis J. Epidemiology of osteoporotic fractures. Osteoporos Int 2005;16
Suppl 2:S3-7

20. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all
major types of osteoporotic fracture in men and women: an observational study. Lancet
1999;353:878-882



71

21.  Kanis JA, Johnell O. Requirements for DXA for the management of osteoporosis in
Europe. Osteoporos Int 2005;16:229-238

22. Johnell O, Kanis JA, Jonsson B, Oden A, Johansson H, De Laet C. The burden of
hospitalised fractures in Sweden. Osteoporos Int 2005;16:222-228

23.  Kanis JA, Oden A, Johnell O, De Laet C, Jonsson B, Oglesby AK. The components of
excess mortality after hip fracture. Bone 2003;32:468-473

24, Cummings SR, Kelsey JL, Nevitt MC, O'Dowd KJ. Epidemiology of osteoporosis and
osteoporotic fractures. Epidemiol Rev 1985;7:178-208

25.  Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated
with osteoporotic fractures. Osteoporos Int 2006;17:1726-1733

26. Kanis JA, Johnell O, Oden A, Sembo I, Redlund-Johnell I, Dawson A, De Laet C,
Jonsson B. Long-term risk of osteoporotic fracture in Malmo. Osteoporos Int 2000;11:669-674
27.  Kanis JA, Johnell O, De Laet C, Johansson H, Oden A, Delmas P, Eisman J, Fujiwara S,
Garnero P, Kroger H, McCloskey EV, Mellstrom D, Melton LJ, Pols H, Reeve J, Silman A,
Tenenhouse A. A meta-analysis of previous fracture and subsequent fracture risk. Bone
2004;35:375-382

28. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB, Licata A,
Benhamou L, Geusens P, Flowers K, Stracke H, Seeman E. Risk of new vertebral fracture in
the year following a fracture. JAMA 2001;285:320-323

29. Haentjens P, Autier P, Collins J, Velkeniers B, Vanderschueren D, Boonen S. Colles
fracture, spine fracture, and subsequent risk of hip fracture in men and women. A meta-
analysis. J Bone Joint Surg Am 2003;85-A:1936-1943

30. Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA, 3rd, Berger M. Patients with
prior fractures have an increased risk of future fractures: a summary of the literature and
statistical synthesis. ] Bone Miner Res 2000;15:721-739

31. Mannius S, Mellstrom D, Lindstedt G, Rundgren, Zetterberg C. Health status and risk
for hip fracture: a case control study of 70-75-year-olds. Arch Gerontol Geriatr 1992;15:151-
162

32. Keene GS, Parker MJ, Pryor GA. Mortality and morbidity after hip fractures. BMJ
1993;307:1248-1250

33. Poor G, Atkinson EJ, O'Fallon WM, Melton LJ, 3rd. Determinants of reduced survival
following hip fractures in men. Clin Orthop Relat Res 1995;260-265

34, Melton LJ, 3rd. Adverse outcomes of osteoporotic fractures in the general population. J
Bone Miner Res 2003;18:1139-1141

35. Chrischilles EA, Butler CD, Davis CS, Wallace RB. A model of lifetime osteoporosis
impact. Arch Intern Med 1991;151:2026-2032

36. Oleksik A, Lips P, Dawson A, Minshall ME, Shen W, Cooper C, Kanis J. Health-
related quality of life in postmenopausal women with low BMD with or without prevalent
vertebral fractures. J Bone Miner Res 2000;15:1384-1392

37. Cooper C, Atkinson EJ, Jacobsen SJ, O'Fallon WM, Melton LJ, 3rd. Population-based
study of survival after osteoporotic fractures. Am J Epidemiol 1993;137:1001-1005

38. Ismail AA, O'Neill TW, Cooper C, Finn JD, Bhalla AK, Cannata JB, Delmas P, Falch
JA, Felsch B, Hoszowski K, Johnell O, Diaz-Lopez JB, Lopez Vaz A, Marchand F, Raspe H,
Reid DM, Todd C, Weber K, Woolf A, Reeve J, Silman AJ. Mortality associated with vertebral
deformity in men and women: results from the European Prospective Osteoporosis Study
(EPOS). Osteoporos Int 1998;8:291-297

39. Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D. Risk of mortality following
clinical fractures. Osteoporos Int 2000;11:556-561

40. Jacobsen SJ, Goldberg J, Miles TP, Brody JA, Stiers W, Rimm AA. Race and sex
differences in mortality following fracture of the hip. Am J Public Health 1992;82:1147-1150



72

41. Browner WS, Pressman AR, Nevitt MC, Cummings SR. Mortality following fractures
in older women. The study of osteoporotic fractures. Arch Intern Med 1996;156:1521-1525
42.  Frost SA, Nguyen ND, Black DA, Eisman JA, Nguyen TV. Risk factors for in-hospital
post-hip fracture mortality. Bone 2011;49:553-558

43, Johnell O, Kanis JA, Oden A, Sernbo I, Redlund-Johnell I, Petterson C, De Laet C,
Jonsson B. Mortality after osteoporotic fractures. Osteoporos Int 2004;15:38-42

44.  Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR. Mortality risk
associated with low-trauma osteoporotic fracture and subsequent fracture in men and women.
JAMA 2009;301:513-521

45. Kanis JA, Oden A, Johnell O, De Laet C, Jonsson B. Excess mortality after
hospitalisation for vertebral fracture. Osteoporos Int 2004;15:108-112

46. van Staa TP, Dennison EM, Leufkens HG, Cooper C. Epidemiology of fractures in
England and Wales. Bone 2001;29:517-522

47. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson A. Incidence
and economic burden of osteoporosis-related fractures in the United States, 2005-2025. J Bone
Miner Res 2007;22:465-475

48. Kanis JA, Johnell O, De Laet C, Jonsson B, Oden A, Ogelsby AK. International
variations in hip fracture probabilities: implications for risk assessment. J Bone Miner Res
2002;17:1237-1244

49. Johnell O, Gullberg B, Allander E, Kanis JA. The apparent incidence of hip fracture in
Europe: a study of national register sources. MEDOS Study Group. Osteoporos Int 1992;2:298-
302

50. O'Neill TW, Felsenberg D, Varlow J, Cooper C, Kanis JA, Silman AJ. The prevalence
of vertebral deformity in european men and women: the European Vertebral Osteoporosis
Study. J Bone Miner Res 1996;11:1010-1018

51. Incidence of vertebral fracture in europe: results from the European Prospective
Osteoporosis Study (EPOS). J Bone Miner Res 2002;17:716-724

52. Maggi S, Kelsey JL, Litvak J, Heyse SP. Incidence of hip fractures in the elderly: a
cross-national analysis. Osteoporos Int 1991;1:232-241

53. [Osteoporosis--prevention, diagnosis and treatment. A systematic literature review.
SBU conclusions and summary]. Lakartidningen 2003;100:3590-3595
54. Borgstrom F, Zethraeus N. [Economic assessment based on a clinical study of

risedronate. Fracture prevention in elderly women with osteoporosis is cost-effective].
Lakartidningen 2003;100:36-40

55. Borgstrom F, Zethraeus N, Johnell O, Lidgren L, Ponzer S, Svensson O, Abdon P,
Ornstein E, Lunsjo K, Thorngren KG, Sernbo I, Rehnberg C, Jonsson B. Costs and quality of
life associated with osteoporosis-related fractures in Sweden. Osteoporos Int 2006;17:637-650
56. Joakimsen RM, Fonnebo V, Magnus JH, Tollan A, Sogaard AJ. The Tromso Study:
body height, body mass index and fractures. Osteoporos Int 1998;8:436-442

57. Johnell O, Borgstrom F, Jonsson B, Kanis J. Latitude, socioeconomic prosperity,
mobile phones and hip fracture risk. Osteoporos Int 2007;18:333-337

58. Landin-Wilhelmsen K, Wilhelmsen L, Wilske J, Lappas G, Rosen T, Lindstedt G,
Lundberg PA, Bengtsson BA. Sunlight increases serum 25(OH) vitamin D concentration
whereas 1,25(0OH)2D3 is unaffected. Results from a general population study in Goteborg,
Sweden (The WHO MONICA Project). Eur J Clin Nutr 1995;49:400-407

59. Dawber TR, Kannel WB. Susceptibility to coronary heart disease. Mod Concepts
Cardiovasc Dis 1961;30:671-676

60. Kannel WB, Dawber TR, Kagan A, Revotskie N, Stokes J, 3rd. Factors of risk in the
development of coronary heart disease--six year follow-up experience. The Framingham Study.
Ann Intern Med 1961;55:33-50



73

61. Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, cardiovascular risk factors,
and coronary heart disease: a prospective follow-up study of 14 786 middle-aged men and
women in Finland. Circulation 1999;99:1165-1172

62.  Rundek T, Sacco RL. Risk factor management to prevent first stroke. Neurol Clin
2008;26:1007-1045, ix

63. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A,
Pais P, Varigos J, Lisheng L. Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): case-control study. Lancet
2004;364:937-952

64. Johansson S, Wilhelmsen L, Lappas G, Rosengren A. High lipid levels and coronary
disease in women in Goteborg--outcome and secular trends: a prospective 19 year follow-up in
the BEDA*study. Eur Heart J 2003;24:704-716

65. O'Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, Rangarajan S,
Islam S, Pais P, McQueen MJ, Mondo C, Damasceno A, Lopez-Jaramillo P, Hankey GJ, Dans
AL, Yusoff K, Truelsen T, Diener HC, Sacco RL, Ryglewicz D, Czlonkowska A, Weimar C,
Wang X, Yusuf S. Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22
countries (the INTERSTROKE study): a case-control study. Lancet 2010;376:112-123

66. http://www.socialstyrelsen.se/publikationer2010/2010-3-14/Documents/2010-3-21-
Lagesrapport2010. Folkhélsorapport 2009. 2010;

67. Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet
2002;359:1929-1936

68. Hans D, Dargent-Molina P, Schott AM, Sebert JL, Cormier C, Kotzki PO, Delmas PD,
Pouilles JM, Breart G, Meunier PJ. Ultrasonographic heel measurements to predict hip fracture
in elderly women: the EPIDOS prospective study. Lancet 1996;348:511-514

69. Bauer DC, Ewing SK, Cauley JA, Ensrud KE, Cummings SR, Orwoll ES. Quantitative
ultrasound predicts hip and non-spine fracture in men: the MrOS study. Osteoporos Int
2007;18:771-777

70. Spector TD, Hall GM, McCloskey EV, Kanis JA. Risk of vertebral fracture in women
with rheumatoid arthritis. BMJ 1993;306:558

71. Huusko TM, Korpela M, Karppi P, Avikainen V, Kautiainen H, Sulkava R. Threefold
increased risk of hip fractures with rheumatoid arthritis in Central Finland. Ann Rheum Dis
2001;60:521-522

72. van Staa TP, Cooper C, Brusse LS, Leufkens H, Javaid MK, Arden NK. Inflammatory
bowel disease and the risk of fracture. Gastroenterology 2003;125:1591-1597

73. Weiss RJ, Wick MC, Ackermann PW, Montgomery SM. Increased fracture risk in
patients with rheumatic disorders and other inflammatory diseases -- a case-control study with
53,108 patients with fracture. J] Rheumatol 2010;37:2247-2250

74. Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM, Ensrud KE, Cauley J,
Black D, Vogt TM. Risk factors for hip fracture in white women. Study of Osteoporotic
Fractures Research Group. N Engl J Med 1995;332:767-773

75. Vestergaard P, Mosekilde L. Hyperthyroidism, bone mineral, and fracture risk--a meta-
analysis. Thyroid 2003;13:585-593

76. Mosekilde L. Primary hyperparathyroidism and the skeleton. Clin Endocrinol
2008;69:1-19

77. Consensus development conference: diagnosis, prophylaxis, and treatment of
osteoporosis. Am J Med 1993;94:646-650

78. Golden KM, Benjamin Murphy N, Cherkaev E. Spectral analysis and connectivity of
porous microstructures in bone. J Biomech 2011;44:337-344



74

79. Looker AC, Orwoll ES, Johnston CC, Jr., Lindsay RL, Wahner HW, Dunn WL, Calvo
MS, Harris TB, Heyse SP. Prevalence of low femoral bone density in older U.S. adults from
NHANES III. J Bone Miner Res 1997;12:1761-1768

80. Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris TB, Heyse SP, Johnston CC, Jr.,
Lindsay R. Updated data on proximal femur bone mineral levels of US adults. Osteoporos Int
1998;8:468-489

81. Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ, 3rd, Khaltaev N. A
reference standard for the description of osteoporosis. Bone 2008;42:467-475

82. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of bone mineral
density predict occurrence of osteoporotic fractures. BMJ 1996;312:1254-1259

83. Kanis JA, Johnell O, Oden A, Jonsson B, Dawson A, Dere W. Risk of hip fracture
derived from relative risks: an analysis applied to the population of Sweden. Osteoporos Int
2000;11:120-127

84. Kanis JA, Johnell O, Oden A, De Laet C, Jonsson B, Dawson A. Ten-year risk of
osteoporotic fracture and the effect of risk factors on screening strategies. Bone 2002;30:251-
258

85. Schuit SC, van der Klift M, Weel AE, de Laet CE, Burger H, Seeman E, Hofman A,
Uitterlinden AG, van Leeuwen JP, Pols HA. Fracture incidence and association with bone
mineral density in elderly men and women: the Rotterdam Study. Bone 2004;34:195-202

86. Langsetmo L, Goltzman D, Kovacs CS, Adachi JD, Hanley DA, Kreiger N, Josse R,
Papaioannou A, Olszynski WP, Jamal SA. Repeat low-trauma fractures occur frequently
among men and women who have osteopenic BMD. J Bone Miner Res 2009;24:1515-1522

87. Formica C, Loro ML, Gilsanz V, Seeman E. Inhomogeneity in body fat distribution
may result in inaccuracy in the measurement of vertebral bone mass. J Bone Miner Res
1995;10:1504-1511

88. Gluer CC, Blake G, Lu Y, Blunt BA, Jergas M, Genant HK. Accurate assessment of
precision errors: how to measure the reproducibility of bone densitometry techniques.
Osteoporos Int 1995;5:262-270

89. Blake GM, Fogelman I. Technical principles of dual energy x-ray absorptiometry.
Semin Nucl Med 1997;27:210-228

90. Watts NB. Fundamentals and pitfalls of bone densitometry using dual-energy X-ray
absorptiometry (DXA). Osteoporos Int 2004;15:847-854

91. Jones G, White C, Nguyen T, Sambrook PN, Kelly PJ, Eisman JA. Prevalent vertebral
deformities: relationship to bone mineral density and spinal osteophytosis in elderly men and
women. Osteoporos Int 1996;6:233-239

92. Griffith JF, Genant HK. Bone mass and architecture determination: state of the art. Best
Pract Res Clin Endocrinol Metab 2008;22:737-764

93. Waud CE, Lew R, Baran DT. The relationship between ultrasound and densitometric
measurements of bone mass at the calcaneus in women. Calcif Tissue Int 1992;51:415-418

94. Gluer CC, Wu CY, Jergas M, Goldstein SA, Genant HK. Three quantitative ultrasound
parameters reflect bone structure. Calcif Tissue Int 1994;55:46-52

95. Njeh CF, Fuerst T, Diessel E, Genant HK. Is quantitative ultrasound dependent on bone
structure? A reflection. Osteoporos Int 2001;12:1-15

96. Cortet B, Boutry N, Dubois P, Legroux-Gerot I, Cotten A, Marchandise X. Does
quantitative ultrasound of bone reflect more bone mineral density than bone microarchitecture?
Calcif Tissue Int 2004;74:60-67

97. Sahota O, San P, Cawte SA, Pearson D, Hosking DJ. A comparison of the longitudinal
changes in quantitative ultrasound with dual-energy X-ray absorptiometry: the four-year effects
of hormone replacement therapy. Osteoporos Int 2000;11:52-58



75

98. Moayyeri A, Kaptoge S, Dalzell N, Bingham S, Luben RN, Wareham NJ, Reeve J,
Khaw KT. Is QUS or DXA better for predicting the 10-year absolute risk of fracture? J Bone
Miner Res 2009;24:1319-1325

99. Thompson P, Taylor J, Fisher A, Oliver R. Quantitative heel ultrasound in 3180 women
between 45 and 75 years of age: compliance, normal ranges and relationship to fracture history.
Osteoporos Int 1998;8:211-214

100. Porter RW, Miller CG, Grainger D, Palmer SB. Prediction of hip fracture in elderly
women: a prospective study. BMJ 1990;301:638-641

101. Black DM, Bouxsein ML, Marshall LM, Cummings SR, Lang TF, Cauley JA, Ensrud
KE, Nielson CM, Orwoll ES. Proximal femoral structure and the prediction of hip fracture in
men: a large prospective study using QCT. J Bone Miner Res 2008;23:1326-1333

102.  Saltin B, Grimby G. Physiological analysis of middle-aged and old former athletes.
Comparison with still active athletes of the same ages. Circulation 1968;38:1104-1115

103. Rosengren A, Wilhelmsen L, Pennert K, Berglund G, Elmfeldt D. Alcoholic
intemperance, coronary heart disease and mortality in middle-aged Swedish men. Acta Med
Scand 1987;222:201-213

104. Rosengren A, Wedel H, Wilhelmsen L. Coronary heart disease and mortality in middle
aged men from different occupational classes in Sweden. BMJ 1988;297:1497-1500

105. Landin-Wilhelmsen K, Johansson S, Rosengren A, Dotevall A, Lappas G, Bengtsson
BA, Wilhelmsen L. Calcaneal ultrasound measurements are determined by age and physical
activity. Studies in two Swedish random population samples. J Intern Med 2000;247:269-278
106. Thomas BJ, Cornish BH, Ward LC. Bioelectrical impedance analysis for measurement
of body fluid volumes: a review. J Clin Eng 1992;17:505-510

107. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gomez JM, Heitmann BL,
Kent-Smith L, Melchior JC, Pirlich M, Scharfetter H, Schols AM, Pichard C. Bioelectrical
impedance analysis--part I: review of principles and methods. Clin Nutr 2004;23:1226-1243
108. Kyle UG, Bosacus I, De Lorenzo AD, Deurenberg P, Elia M, Manuel Gomez J,
Lilienthal Heitmann B, Kent-Smith L, Melchior JC, Pirlich M, Scharfetter H, A MWIJS,
Pichard C. Bioelectrical impedance analysis-part II: utilization in clinical practice. Clin Nutr
2004;23:1430-1453

109. Clauss A. [Rapid physiological coagulation method in determination of fibrinogen].
Acta Haematol 1957;17:237-246

110. Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods for
the estimation of free testosterone in serum. J Clin Endocrinol Metab 1999;84:3666-3672

111.  Last JM, Abramson JH, International Epidemiological Association. A dictionary of
epidemiology. 3rd ed ed. New York ; Oxford: Oxford University Press; 1995.

112.  Clark TG, Bradburn MJ, Love SB, Altman DG. Survival analysis part I: basic concepts
and first analyses. Br J Cancer 2003;89:232-238

113.  Cox DR. Regression models and life-tables.

114. Breslow NE, Day NE. Statistical methods in cancer research. TARC Workshop 25-27
May 1983. IARC scientific publications 1987;1-406

115. Heinzl H. Gaining more flexibility in Cox proportional hazards regression models with
cubic spline functions. Comput Meth Prog Bio 1997;54:201-208

116. MacKelvie KJ, Khan KM, McKay HA. Is there a critical period for bone response to
weight-bearing exercise in children and adolescents? a systematic review. Br J Sports Med
2002;36:250-257; discussion 257

117. Lorentzon M, Mellstrom D, Ohlsson C. Association of amount of physical activity with
cortical bone size and trabecular volumetric BMD in young adult men: the GOOD study. J
Bone Miner Res 2005;20:1936-1943



76

118. Kelley GA. Exercise and regional bone mineral density in postmenopausal women: a
meta-analytic review of randomized trials. Am J Phys Med Rehabil 1998;77:76-87

119. Nilsson M, Ohlsson C, Eriksson AL, Frandin K, Karlsson M, Ljunggren O, Mellstrom
D, Lorentzon M. Competitive physical activity early in life is associated with bone mineral
density in elderly Swedish men. Osteoporos Int 2008;19:1557-1566

120. Karlsson MK, Linden C, Karlsson C, Johnell O, Obrant K, Seeman E. Exercise during
growth and bone mineral density and fractures in old age. Lancet 2000;355:469-470

121. Nelson ME, Fiatarone MA, Morganti CM, Trice I, Greenberg RA, Evans WJ. Effects of
high-intensity strength training on multiple risk factors for osteoporotic fractures. A
randomized controlled trial. JAMA 1994;272:1909-1914

122.  American College of Sports Medicine Position Stand. Exercise and physical activity for
older adults. Med Sci Sports Exerc 1998;30:992-1008

123.  Michaelsson K, Olofsson H, Jensevik K, Larsson S, Mallmin H, Berglund L, Vessby B,
Melhus H. Leisure physical activity and the risk of fracture in men. PLoS Med 2007;4:¢199
124.  Mussolino ME, Looker AC, Madans JH, Langlois JA, Orwoll ES. Risk factors for hip
fracture in white men: the NHANES I Epidemiologic Follow-up Study. J Bone Miner Res
1998;13:918-924

125. Kujala UM, Kaprio J, Kannus P, Sarna S, Koskenvuo M. Physical activity and
osteoporotic hip fracture risk in men. Arch Intern Med 2000;160:705-708

126. Hoidrup S, Sorensen TI, Stroger U, Lauritzen JB, Schroll M, Gronbaek M. Leisure-time
physical activity levels and changes in relation to risk of hip fracture in men and women. Am J
Epidemiol 2001;154:60-68

127.  Englund U, Nordstrom P, Nilsson J, Bucht G, Bjornstig U, Hallmans G, Svensson O,
Pettersson U. Physical activity in middle-aged women and hip fracture risk: the UFO study.
Osteoporos Int 2011;22:499-505

128.  Benetou V, Orfanos P, Benetos IS, Pala V, Evangelista A, Frasca G, Giurdanella MC,
Peeters PH, van der Schouw IT, Rohrmann S, Linseisen J, Boeing H, Weikert C, Pettersson U,
Van Guelpen B, Bueno de Mesquita HB, Altzibar J, Boffetta P, Trichopoulou A.
Anthropometry, physical activity and hip fractures in the elderly. Injury 2011;42:188-193

129.  Joakimsen RM, Fonnebo V, Magnus JH, Stormer J, Tollan A, Sogaard AJ. The Tromso
Study: physical activity and the incidence of fractures in a middle-aged population. J Bone
Miner Res 1998;13:1149-1157

130. Moayyeri A. The association between physical activity and osteoporotic fractures: a
review of the evidence and implications for future research. Ann Epidemiol 2008;18:827-835
131.  Moayyeri A, Besson H, Luben RN, Wareham NJ, Khaw KT. The association between
physical activity in different domains of life and risk of osteoporotic fractures. Bone
2010;47:693-700

132. Rikkonen T, Salovaara K, Sirola J, Karkkainen M, Tuppurainen M, Jurvelin J,
Honkanen R, Alhava E, Kroger H. Physical activity slows femoral bone loss but promotes
wrist fractures in postmenopausal women: a 15-year follow-up of the OSTPRE study. J Bone
Miner Res 2010;25:2332-2340

133.  Buizert PJ, van Schoor NM, Lips P, Deeg DJ, Eekhoff EM. Lipid levels: a link between
cardiovascular disease and osteoporosis? J Bone Miner Res 2009;24:1103-1109

134. Hwang DK, Choi HJ. The relationship between low bone mass and metabolic syndrome
in Korean women. Osteoporos Int 2010;21:425-431

135.  Bauer DC, Mundy GR, Jamal SA, Black DM, Cauley JA, Ensrud KE, van der Klift M,
Pols HA. Use of statins and fracture: results of 4 prospective studies and cumulative meta-
analysis of observational studies and controlled trials. Arch Intern Med 2004;164:146-152

136.  Solomon DH, Avorn J, Canning CF, Wang PS. Lipid levels and bone mineral density.
AmJ Med 2005;118:1414



7

137.  Yamaguchi T, Sugimoto T, Yano S, Yamauchi M, Sowa H, Chen Q, Chihara K. Plasma
lipids and osteoporosis in postmenopausal women. Endocr J 2002;49:211-217

138. Tanko LB, Bagger YZ, Nielsen SB, Christiansen C. Does serum cholesterol contribute
to vertebral bone loss in postmenopausal women? Bone 2003;32:8-14

139.  Ahmed LA, Schirmer H, Berntsen GK, Fonnebo V, Joakimsen RM. Features of the
metabolic syndrome and the risk of non-vertebral fractures: the Tromso study. Osteoporos Int
2006;17:426-432

140. Hsu YH, Venners SA, Terwedow HA, Feng Y, Niu T, Li Z, Laird N, Brain JD,
Cummings SR, Bouxsein ML, Rosen CJ, Xu X. Relation of body composition, fat mass, and
serum lipids to osteoporotic fractures and bone mineral density in Chinese men and women.
Am J Clin Nutr 2006;83:146-154

141. Bagger YZ, Rasmussen HB, Alexandersen P, Werge T, Christiansen C, Tanko LB.
Links between cardiovascular disease and osteoporosis in postmenopausal women: serum
lipids or atherosclerosis per se? Osteoporos Int 2007;18:505-512

142.  Wilhelmsen L, Johansson S, Rosengren A, Wallin I, Dotevall A, Lappas G. Risk factors
for cardiovascular disease during the period 1985-1995 in Goteborg, Sweden. The GOT-
MONICA Project. J Intern Med 1997;242:199-211

143. Rejnmark L, Olsen ML, Johnsen SP, Vestergaard P, Sorensen HT, Mosekilde L. Hip
fracture risk in statin users--a population-based Danish case-control study. Osteoporos Int
2004;15:452-458

144. Wilhelmsen L, Welin L, Svardsudd K, Wedel H, Eriksson H, Hansson PO, Rosengren
A. Secular changes in cardiovascular risk factors and attack rate of myocardial infarction
among men aged 50 in Gothenburg, Sweden. Accurate prediction using risk models. J Intern
Med 2008;263:636-643

145. Rizzo M, Rini GB. Statins, fracture risk, and bone remodeling: What is true? Am J Med
Sci 2006;332:55-60

146. Bakhireva LN, Shainline MR, Carter S, Robinson S, Beaton SJ, Nawarskas JJ, Gunter
MI. Synergistic effect of statins and postmenopausal hormone therapy in the prevention of
skeletal fractures in elderly women. Pharmacotherapy 2010;30:879-887

147.  den Uyl D, Nurmohamed MT, van Tuyl LH, Raterman HG, Lems WF. (Sub)clinical
cardiovascular disease is associated with increased bone loss and fracture risk; a systematic
review of the association between cardiovascular disease and osteoporosis. Arthritis Res Ther
2011;13:R5

148. Browner WS, Pressman AR, Nevitt MC, Cauley JA, Cummings SR. Association
between low bone density and stroke in elderly women. The study of osteoporotic fractures.
Stroke 1993;24:940-946

149. Dennis MS, Lo KM, McDowall M, West T. Fractures after stroke: frequency, types,
and associations. Stroke 2002;33:728-734

150. Ramnemark A, Nyberg L, Borssen B, Olsson T, Gustafson Y. Fractures after stroke.
Osteoporos Int 1998;8:92-95

151.  Sennerby U, Melhus H, Gedeborg R, Byberg L, Garmo H, Ahlbom A, Pedersen NL,
Michaelsson K. Cardiovascular diseases and risk of hip fracture. JAMA : the journal of the
American Medical Association 2009;302:1666-1673

152. Pouwels S, Lalmohamed A, Leufkens B, de Boer A, Cooper C, van Staa T, de Vries F.
Risk of hip/femur fracture after stroke: a population-based case-control study. Stroke
2009;40:3281-3285

153.  Kanis J, Oden A, Johnell O. Acute and long-term increase in fracture risk after
hospitalization for stroke. Stroke 2001;32:702-706



78

154.  McFarlane SI, Muniyappa R, Shin JJ, Bahtiyar G, Sowers JR. Osteoporosis and
cardiovascular disease: brittle bones and boned arteries, is there a link? Endocrine 2004;23:1-
10

155.  Kanis JA, Johnell O, Oden A, Johansson H, De Laet C, Eisman JA, Fujiwara S, Kroger
H, McCloskey EV, Mellstrom D, Melton LJ, Pols H, Reeve J, Silman A, Tenenhouse A.
Smoking and fracture risk: a meta-analysis. Osteoporos Int 2005;16:155-162

156. Trimpou P, Landin-Wilhelmsen K, Oden A, Rosengren A, Wilhelmsen L. Male risk
factors for hip fracture-a 30-year follow-up study in 7,495 men. Osteoporosis international : a
journal established as result of cooperation between the European Foundation for Osteoporosis
and the National Osteoporosis Foundation of the USA 2010;21:409-416

157.  Trimpou P, Oden A, Simonsson T, Wilhelmsen L, Landin-Wilhelmsen K. High serum
total cholesterol is a long-term cause of osteoporotic fracture. Osteoporos Int 2011;22:1615-
1620

158.  Chen JS, Hogan C, Lyubomirsky G, Sambrook PN. Women with cardiovascular
disease have increased risk of osteoporotic fracture. Calcif Tissue Int 2011;88:9-15

159. Forsen L, Bjorndal A, Bjartveit K, Edna TH, Holmen J, Jessen V, Westberg G.
Interaction between current smoking, leanness, and physical inactivity in the prediction of hip
fracture. ] Bone Miner Res 1994;9:1671-1678

160. West J, Hippisley-Cox J, Coupland CA, Price GM, Groom LM, Kendrick D, Webber E.
Do rates of hospital admission for falls and hip fracture in elderly people vary by socio-
economic status? Public Health 2004;118:576-581

161. Marmot MG. Status syndrome: a challenge to medicine. JAMA 2006;295:1304-1307
162. Mattila VM, Jormanainen V, Sahi T, Pihlajamaki H. An association between
socioeconomic, health and health behavioural indicators and fractures in young adult males.
Osteoporos Int 2007;18:1609-1615

163. Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson DE, Nevitt MC, Bauer
DC, Genant HK, Haskell WL, Marcus R, Ott SM, Torner JC, Quandt SA, Reiss TF, Ensrud KE.
Randomised trial of effect of alendronate on risk of fracture in women with existing vertebral
fractures. Fracture Intervention Trial Research Group. Lancet 1996;348:1535-1541

164. Strandberg TE, Pyorala K, Cook TJ, Wilhelmsen L, Faergeman O, Thorgeirsson G,
Pedersen TR, Kjekshus J. Mortality and incidence of cancer during 10-year follow-up of the
Scandinavian Simvastatin Survival Study (4S). Lancet 2004;364:771-777

165. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Stefanick ML,
Jackson RD, Beresford SA, Howard BV, Johnson KC, Kotchen JM, Ockene J. Risks and
benefits of estrogen plus progestin in healthy postmenopausal women: principal results From
the Women's Health Initiative randomized controlled trial. JAMA 2002;288:321-333

166. Hoidrup S, Prescott E, Sorensen TI, Gottschau A, Lauritzen JB, Schroll M, Gronbaek
M. Tobacco smoking and risk of hip fracture in men and women. Int J Epidemiol 2000;29:253-
259

167. Vestergaard P, Mosekilde L. Fracture risk associated with smoking: a meta-analysis. J
Intern Med 2003;254:572-583

168. Hui SL, Slemenda CW, Johnston CC, Jr. Age and bone mass as predictors of fracture in
a prospective study. J Clin Invest 1988;81:1804-1809

169. Kanis JA, Johnell O, Oden A, Dawson A, De Laet C, Jonsson B. Ten year probabilities
of osteoporotic fractures according to BMD and diagnostic thresholds. Osteoporos Int
2001;12:989-995

170. Johnell O, Kanis JA, Oden A, Johansson H, De Laet C, Delmas P, Eisman JA, Fujiwara
S, Kroger H, Mellstrom D, Meunier PJ, Melton LJ, 3rd, O'Neill T, Pols H, Reeve J, Silman A,
Tenenhouse A. Predictive value of BMD for hip and other fractures. J] Bone Miner Res
2005;20:1185-1194



79

171.  Riggs BL, Khosla S, Melton LJ, 3rd. Sex steroids and the construction and conservation
of the adult skeleton. Endocr Rev 2002;23:279-302

172.  Kanis JA, Borgstrom F, De Laet C, Johansson H, Johnell O, Jonsson B, Oden A,
Zethraeus N, Pfleger B, Khaltaev N. Assessment of fracture risk. Osteoporos Int 2005;16:581-
589

173. De Laet C, Kanis JA, Oden A, Johanson H, Johnell O, Delmas P, Eisman JA, Kroger H,
Fujiwara S, Garnero P, McCloskey EV, Mellstrom D, Melton LJ, 3rd, Meunier PJ, Pols HA,
Reeve J, Silman A, Tenenhouse A. Body mass index as a predictor of fracture risk: a meta-
analysis. Osteoporos Int 2005;16:1330-1338

174.  Ross PD, Genant HK, Davis JW, Miller PD, Wasnich RD. Predicting vertebral fracture
incidence from prevalent fractures and bone density among non-black, osteoporotic women.
Osteoporos Int 1993;3:120-126

175.  Mukamal KJ, Robbins JA, Cauley JA, Kern LM, Siscovick DS. Alcohol consumption,
bone density, and hip fracture among older adults: the cardiovascular health study. Osteoporos
Int 2007;18:593-602

176. Berg KM, Kunins HV, Jackson JL, Nahvi S, Chaudhry A, Harris KA, Jr., Malik R,
Arnsten JH. Association between alcohol consumption and both osteoporotic fracture and bone
density. Am J Med 2008;121:406-418

177.  Hoidrup S, Gronbaek M, Gottschau A, Lauritzen JB, Schroll M. Alcohol intake,
beverage preference, and risk of hip fracture in men and women. Copenhagen Centre for
Prospective Population Studies. Am J Epidemiol 1999;149:993-1001

178.  Travison TG, Araujo AB, O'Donnell AB, Kupelian V, McKinlay JB. A population-
level decline in serum testosterone levels in American men. J Clin Endocrinol Metab
2007;92:196-202

179.  Andersson AM, Jensen TK, Juul A, Petersen JH, Jorgensen T, Skakkeback NE. Secular
decline in male testosterone and sex hormone binding globulin serum levels in Danish
population surveys. The Journal of clinical endocrinology and metabolism 2007;92:4696-4705
180. Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison EM, Melton LJ,
Cummings SR, Kanis JA. Secular trends in the incidence of hip and other osteoporotic
fractures. Osteoporos Int 2011;22:1277-1288

181. Johansson S, Wilhelmsen L, Lappas G, Rosengren A. High lipid levels and coronary
disease in women in Goteborg--outcome and secular trends: a prospective 19 year follow-up in
the BEDA*study. Eur Heart J 2003;24:704-716

182. Saarinen A, Saukkonen T, Kivela T, Lahtinen U, Laine C, Somer M, Toiviainen-Salo S,
Cole WG, Lehesjoki AE, Makitie O. Low density lipoprotein receptor-related protein 5 (LRPS5)
mutations and osteoporosis, impaired glucose metabolism and hypercholesterolaemia. Clin
Endocrinol 2010;72:481-488

183. Wilhelmsen L, Svardsudd K, Eriksson H, Rosengren A, Hansson PO, Welin C, Oden A,
Welin L. Factors associated with reaching 90 years of age: a study of men born in 1913 in
Gothenburg, Sweden. J Intern Med 2011;269:441-451








