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Abstract
Introduction: Osteoporosis is characterized by decreased bone mineral density (BMD) and is
a risk factor for hip, wrist, and vertebral fractures. This is a worldwide public health problem,
and causes more than 8.9 million fragility fractures per year. Fragility fractures lead to
increased mortality, morbidity, pain, immobility, social isolation and depression, which all
may affect the quality of life. Use of anti-osteoporotic drugs (AOD) reduces the risk of
fractures and may thus influence the quality of life.
Objective: To investigate a potential association between AOD use and quality of life (QoL)
among women and men with osteoporosis.
Methods: This is a cross-sectional study, based on questionnaire data from the sixth wave of
The Tromsø Study (Tromsø 6), a population based health survey, which took place in 20072008. The 12984 study participants were inhabitants in the municipality of Tromsø aged ≥ 50
years who had osteoporosis in need of treatment, defined by T-score for BMD <-2.5 or from 2.5 to -1.6 combined with prior fracture (n=544). BMD was measured at the non-dominant
femoral neck by dual energy X-ray absorptiometry (DXA), fractures were self-reported. AOD
use was extracted from the participants’ self-reported list of medications (brand names). In
multivariable linear regression analysis QoL scores (EQ-5D 3L) was the dependent variable
(endpoint), AOD was independent variable (exposure), and adjusted for the covariates age,
sex, height, weight, education prior fracture and other diseases. Significance level was set at
5%.
Results: The mean QoL score was 0.68 (SD=0.28) in 54 participants using AOD and 0.82
(SD=0.18) in 424 participants not using AOD. The QoL was inversely associated with use of
AOD (B=-0.116, p=0.002) after adjusting for covariates. After stratifying the participants into
those with prior fracture and not, QoL was inversely associated with use of AOD (B=-0.132,
p=0.002) among those with prior fracture (n=294). AOD use was not significantly associated
with QoL among those not reporting prior fracture (n= 163), (B=-0.086, p=0.294).
Discussion and conclusion: Persons with osteoporosis who were using AOD had
significantly lower QoL compared to the AOD non-users. This must not be interpreted as
AOD use leads to lower QoL. As this is a cross-sectional study, the direction of the
association and the causal relationship cannot be established. Confounding by severity or
awareness of disease could be a problem, as not all participants knew they had osteoporosis.
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Introduction

Bone has three physiological functions. It is a reservoir storage of phosphate and calcium, its
mechanical nature supports locomotion and protects internal organs, and it contains bone
marrow that produce and develop blood cells (1).
Bone is a living dynamic tissue that has two types of cells, osteoclasts and osteoblasts, that are
responsible for the remodeling process of bone regeneration. Osteoclasts break down the bone
tissue by releasing collagenase enzymes and acids, while osteoblasts are cells that form bone
tissues. They form the hard and very dense bone tissue through deposited calcium and
phosphate. Normally, in people who do not have osteoporosis, there is a balance between
osteoblast and osteoclast activity. In osteoporosis, the patients have abnormal balance by
increased number of osteoclasts and decreased number of osteoblasts. Osteoblast and
osteoclast activity can be affected by many factors like age, gender and hormones (2, 3).
Osteoporosis is a common condition characterized by decreased bone mass and
microarchitectural deterioration and increased possibility of fractures which may lead to
morbidity and mortality (4). The World Health Organization define osteoporosis as “a bone
mineral density (BMD) that lies 2.5 standard deviations or more below the average value for
young healthy women (a T-score of <-2.5 SD)” (5).
There are two types of osteoporosis. Primary osteoporosis is caused by postmenopausal status
(postmenopausal osteoporosis), old age (senile osteoporosis) or both. The other type is called
secondary osteoporosis. This means that osteoporosis is caused by other diseases or disorders,
drug use or alcohol intake. Malabsorption and thyrotoxicosis are disorders that may cause
osteoporosis through reduction in BMD. Corticosteroid is a drug class that is widely used to
treat many diseases and may also cause osteoporosis (6).
There are several clinical complications of osteoporosis like hip, wrist, and vertebral fractures
and back pain. The most common complication of osteoporosis is fracture. The vertebral
fractures are the most prevalent osteoporosis-related fractures but they are often showing no
symptoms before the fracture is happened, and the fact that they are under-diagnosed and
under-treated is well documented (7, 8). Fractures will have serious negative impact on
quality of life (QoL) and that will trigger accelerated deterioration in quality and length of
life, and could lead to death in some cases (9).
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Osteoporosis is a major problem in the Norwegian society. Every one hour a Norwegian
suffers a hip fracture (10). Among patients who suffer a hip fracture, 12% suffer a new
fracture within ten years after the first fracture. QoL will be reduced significantly after
fractures, especially hip fractures (11).
Not only the patients’ QoL will be affected by fractures, but also the economy of the society.
Fractures are one of the most expensive single treatments in Norwegian hospitals. This
economic consequence will increase with time because of the increasing proportion of elderly
people in Norway, as age is one of the main risk factors of osteoporosis (11).
Despite the availability of good preventive treatment, osteoporosis is still under-diagnosed
and under-treated especially among the elderly who are at high risk (9).

Epidemiology of osteoporosis and fractures
Osteoporosis is one of the ten most common conditions globally (12), nearly 30% of women
and 10% of men older than 50 years can have the condition (12). Osteoporosis has no
symptoms before the first fracture (13).
Osteoporosis causes many fractures worldwide, more than 8.9 million per year. Only in the
USA and Europe there are more than 4.5 million osteoporosis fractures per year. Osteoporosis
ranks high among diseases that can lead to patients being confined to bed with severe
complications (5).
Osteoporosis and fractures are among the largest health related problems in Europe and
worldwide (14). A systematic literature review, that determined country-specific risk of hip
fracture and 10-year probability of a major osteoporotic fracture, found a greater than 10-fold
variation in hip fracture risk and fracture probability among countries as is shown in figure 1
(14).
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Figure 1 Ten-year probability of osteoporotic fractures in 65 years old men and women
with history of fragility fractures, reproduced by permission from Springer (14).

In the European Union (EU), twenty-two million women and 5.5 million men had
osteoporosis in 2010. Women had a four times higher incidence than men (15).
The incidence rate of fragility fracture in EU is around 3.5 million fractures per year. These
include 610,000 hip fractures, 520,000 vertebral fractures, 560,000 forearm fractures and 1.8
million other types of fractures (like fractures of the sternum, rib, clavicle, pelvis, fibula,
scapula, tibia and other femoral fractures) (15), as it shown in figure 2.
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Figure 2 Incidence rate of fractures in EU in 2010 (15).

Over 9000 persons are suffering a hip fracture per year in Norway, which is one of the highest
in Europe. This means that there is more than one hip fracture per hour (16). Hip fractures
have high mortality rate, and Norway has one of the highest worldwide mortality rate of hip
fractures. About 5% of all mortality in patients over 50 years in the Norwegian society is
related to hip fractures. About 25% of patients die in the first year after hip fracture (17). A
large cohort study from Denmark has shown that the loss of life years after a hip fracture is
about 7.5 years, or 18% of their remaining years, in men aged 51-60 years. Older men (over
80 years) loose three years, or 58% of their remaining years. In women the results was 27%
loss of remaining years in those aged 50 years or younger, and 38% in women aged over 80
years (18).
Not only hip fractures have very high incidence rate in Norway but also forearm fractures. A
study published in 2008 that reported the incidence of distal forearm fractures in Oslo showed
that incidence of forearm fractures is higher in Oslo and one of the highest in the world.
About 15,000 forearm fractures happen per year in Norway, which means 1.7 forearm
fracture per hour (19).
Among all persons with osteoporosis, less than 50% are using AOD, with slightly higher
proportion of users among those with prior fractures than those without, as was shown in a
master thesis by Ntiamoah in 2016 at UiT (20). Bisphosphonates are the most used drugs (20).
It has been shown that only 16% of Norwegian patients who suffer a hip fracture use AOD
during the first year after fracture (10). Among all hospitalized old patients with hip fractures,
4

only 11% in the US, 39% in Korea and 25% in Spain were treated with AOD within three
months after hip fractures, as it has been shown in a cross-national study (21).

1.2

Risk factors

Osteoporosis is a disease for which age is the biggest risk factor in both men and women (2,
22). We can divide osteoporosis risk factors into two types: primary, which is the non-drug or
non-disease type, and secondary, which is the drug or disease dependent type.

1.2.1 Primary risk factors
Women have higher risk for osteoporosis than men, especially postmenopausal women. This
is due to reduced estrogen hormone synthesis in postmenopausal women, and estrogen is the
main hormonal regulator for bone metabolism (23). Low body weight is also a risk factor in
postmenopausal women (24). Although women have higher risk due to estrogen loss in
postmenopausal age, men are also under risk to have osteoporosis, especially elderly men.
Men’s BMD loss happens gradually and depends upon several factors like ethnicity, diet and
overall health. Adult men aged over 60 who have measured BMD and have a T-score that
indicate osteopenia, have more than 3% increased 10-year risk of hip fracture and more than
20% increased risk of any fracture type (25).
Prior fractures, especially hip fractures, increase the risk of having a new fracture and is a
predictor of incident treatment in both men and women (26). Other types of prior fractures
also increase the risk, like low energy fractures in forearm or vertebral, which happen without
a big accident, or fractures encountered by regular daily activities at home or after normal
falls.
Falling is a particular problem in elderly people, either because of some drugs that can
increase the falling probability or because of decreased physical body function. Falling in
elderly people is a serious risk factor for fractures in osteoporotic patients. Over 30% of the
elderly population aged 65 or older fall at least once per year (27).
There are many other factors that can play a role as risk factor for osteoporosis and fractures.
Ethnicity can be a risk factor, in which Scandinavians have higher risk than other ethnicities
(28). The height of people is also a risk factor; tall people have higher risk of hip fractures
than short people. Family history of osteoporosis, a short fertile period for women, low
physical activity, low weight and weight loss (more than 10% weight loss among 25-50 year
5

olds), can act as risk factors for osteoporosis. Smoking, alcohol intake, reduced exposure to
sun light which reduces the vitamin D synthesis, unbalanced diet, inadequate calcium and
vitamin D intake, can also increase the risk of osteoporosis (6, 29, 30).

1.2.2 Secondary risk factors
Some drugs that are used routinely to treat other chronic diseases can affect bone and BMD
(31). Among these drugs are glucocorticoids, thyroxine, thiazolidinediones, selective
serotonin reuptake inhibitors, proton pump inhibitors, loop diuretics and aromatase inhibitors.
Glucocorticoids are used to treat many diseases like autoimmune diseases, inflammation, after
organ transplantation, lung diseases and other diseases. These drugs can a weaken the
osteoblasts and lead to decrease in bone formation. These effects on bone occur in about 3050% of patients who use glucocorticoids regardless of dose and length of use (32). Thyroxine
is used to treat hypothyroidism in order to stabilize thyroid hormone levels. This drug can
lead to osteopenia, bone loss and fractures in postmenopausal women and elderly patients.
Thyroxine treatment can lead to osteoporosis through increasing bone resorption directly, but
also indirectly by inducing the production of bone-resorbing cytokines (33).
Thiazolidinediones are used to treat type II diabetes mellitus. Their side effect on bone are
due to decreased osteoblastogenesis and decreased bone formation, because of their action as
a selective agonist of peroxisome proliferator-activated receptor-gamma. They also promote
osteoclast activity. Risk of fractures in long term treatment with these drugs increases up to 4fold in men (34) and postmenopausal women (35). Selective serotonin reuptake inhibitors
(SSRIs) are used to treat depression. They can lead to bone loss by affecting osteoblast and
osteoclast processes in bones, especially among postmenopausal women. The risk of fracture
is doubled among postmenopausal women using SSRIs daily for five years at standard doses
(36). Proton pump inhibitors are used to treat gastric hyperacidity problems and other
gastrointestinal diseases. Long term use of proton pump inhibitors leads to decreased bone
resorption through decreasing intestinal calcium absorption, which is important in bone
formation. This leads to fractures, especially among postmenopausal women (37). Loop
diuretics are used to treat congestive heart failure and to reduce oedema. They have a side
effect in association with increased fractures. They inhibit sodium, chloride and calcium
reabsorption that lead to decreased BMD and increased fractures rates (38). Aromatase
inhibitors like letrozole and anasterozole are used as adjuvant therapy of estrogen-receptorpositive breast cancer in women. By lowering circulating estrogen level in postmenopausal
6

women can these drugs induce bone loss, decrease BMD and increase possibility of vertebral
and non-vertebral fractures, especially wrist fractures, by 40% (39). There are several other
drugs that can be risk factors, but in a lower degree, for osteoporosis. Examples are
gonadotropin-releasing hormone agonists, medroxyprogesterone acetate, androgen
deprivation therapy, anticonvulsants, heparin, oral anticoagulant therapy, calcineurin
inhibitors and antiretroviral therapy (31).
Some diseases can be risk factors for osteoporosis. Persons with diabetes mellitus type I have
higher risk for osteoporosis than type II (40). Rheumatoid arthritis, especially in women with
rheumatoid cachexia which is a condition of increased fat mass and reduced muscle mass with
rheumatoid arthritis, can lead to reduced total hip BMD and T-score (41). Chronic obstructive
pulmonary disease (COPD) has also a significant association with increased risk of
osteoporosis regardless of use of corticosteroids. Patients with COPD have 54% higher risk of
developing osteoporosis (42).

1.3

Diagnosis of osteoporosis

The aim of diagnosing osteoporosis is to identify future fractures risk and to monitor the
treatment (43). Osteoporosis is diagnosed by measuring bone mineral density (BMD), which
is the amount of bone mass per unit volume or per unit area (g/cm2) (43). There are several
techniques that can be used to diagnose osteoporosis, like quantitative ultrasound (QUS),
quantitative computed tomography (QCT), radiographic absorptiometry, digital X-ray
radiogrammetry and other radiographic techniques. The most commonly used technique is
dual energy X-ray absorptiometry (DXA) (43). This technique can be used at hip, forearm or
spine to measure the BMD (43).
BMD is usually described by T-score or Z-score, which both are units of standard deviation.
T-score refers to number of standard deviations by which BMD differs from the mean value
of a reference population (young and healthy individuals). Z-score refers to number of
standard deviations by which BMD differs from the mean value expected for a person of the
same sex and age as the patient. Z- score is often used in children and teenagers (43).
BMD measuring should be done in the following cases (44): 1) women 65 years or older and
men 70 years or older without other risk factors. 2) postmenopausal women, and men older
than 50-69 years, who have a risk factor profile or have had a fracture during their adult life.
7

3) patients who currently or recently have used corticosteroids for a while. And 4) patients
who have started AOD treatment within the last two years should have a regular follow-ups
every two years by measuring BMD (44).
A DXA-measurement result is usually shown by using T-score. In order to define
osteoporosis, the WHO has divided the T-score into four levels using these criteria (45):
A BMD -1.0 standard deviations or higher indicates normal bone mass. A BMD
between -2.5 to -1.0 standard deviations indicates low bone mass or osteopenia. A
BMD less than or equal to -2.5 standard deviations below the mean BMD indicates
osteoporosis, as shown in figure 3. A BMD less than or equal to -2.5 standard
deviations below the mean BMD of young-adult reference group and history of adult
fracture indicates severe osteoporosis.

Figure 3 WHO classification for T-score criteria which is the result of DXA (45)

Apart from BMD measurements, there are several other clinical examinations that can be
done and disease history that can be registered by the physician. This includes risk factors like
age, gender, menopause (women), history of fractures, physical activity, diet (especially
vitamin D and calcium), smoking, alcohol intake, hormone levels (for both men and women)
and information about use of other drugs e.g. corticosteroids (46). Other laboratory tests can
also be used like blood calcium concentration, 24-hour urine calcium level, thyroid gland
function test, parathyroid hormone level, testosterone hormone level in men and vitamin D
test through 25-hydroxyvitamin D test (46). Norwegian guidelines advises to use these
biochemical test only in case of group studying, and not as diagnostic tests.
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1.4

Treatment of osteoporosis

There are two ways to treat osteoporosis and thereby prevent its complications. Nonpharmacological treatments are primarily used as prophylaxis against the progression of
osteoporosis and its complications. Pharmacological treatment, which is based on treatment
with AOD.

1.4.1 Non-pharmacological treatment or prevention
Many non-pharmacological actions can increase BMD and reduce osteoporosis. Increased
physical activity, like weight-bearing exercises and general physical activities in young and
adult age is effective (47). A healthy nutrition, especially food containing calcium and vitamin
D, and weight loss prevention have significant preventive effect. Non-pharmacological
treatments also include to reduce or stop smoking tobacco and to reduce or stop drinking
alcohol (6).
There are other methods to prevent fractures like reducing the risk of falls, especially in older
people that can have osteoporosis (48). This can be done by muscle strengthening, retain
balance and withdrawal or reduction of psychotropic drugs. Education programs about the
risk of falls and their complications will be effective too (48).
There are other methods to protect the bone from being fractured if the person is falling.
These include using a hip protector without increasing fall frequency (49). Another protecting
factor, is to simply have sufficient muscles and/or fat around the bone to protect the bone in
case of a fall (6, 50).

1.4.2 Pharmacological treatment
In pharmacological intervention there are some drugs or groups of drugs that are commonly
used against osteoporosis. These drugs are bisphosphonates, hormone replacement therapy
(HRT), denosumab, selective estrogen receptor modulators (SERMs) and parathyroid
hormone (PTH). These groups will either slow down bone resorption like bisphosphonates,
denosumab and SERM, or induce bone formation like PTH (51).
Bisphosphonates
Bisphosphonates are the main preventive treatment against osteoporosis and its complication,
fractures (52). They are the first line therapy against osteoporosis in Norway (51).
Bisphosphonates are specific bone resorption inhibitors. Alendronate, the most used
9

bisphosphonate, localize selectively in active resorption sites in the bone, and especifically
inhibit osteoclast activity. This leads to increasing BMD and reduction in fractures (53). Oral
bioavailability of this drug group is very low, 1% of the dosage, and it can be affected by food
and some minerals like iron and calcium if they are ingested at the same time. Therefore, they
should be taken one hour before meal, with only water. Alendronate 70 mg once a week is the
most used dosage of bisphosphonates, followed by risedronate 35 mg once a week (43). There
are five bisphosphonates on the Norwegian market in 2016. These are alendronate, etidronate,
ibandronate, risedronate and zoledronate (51).
A randomized, double-blind study showed a reduction in fracture risk of about 30-50% and
increase in BMD after using bisphosphonates by postmenopausal women with a history of
vertebral fracture and with low BMD (54). Other studies show bisphosphonates effect on
fracture risk and bone loss reduction in postmenopausal women without history of vertebral
fractures (55). The effect of bisphosphonates has been shown in men too. A meta-analysis of
RCT-studies shows that bisphosphonates reduce the risk of vertebral and non-vertebral
fractures and increasing BMD in adult men with osteoporosis (56).
Hormone replacement therapy (HRT)
HRT is a type of therapy used to substitute the loss of hormone in women around menopause.
In the treatment of osteoporosis, the important constituent of HRT is estrogen. Estrogens
inhibit osteoclasts, which results in increased BMD and decreased fracture risk. HRT can
therefore be a treatment alternative in osteoporotic postmenopausal women who also need
treatment for vasomotor symptoms of menopause (51). A fairly recent review shows that
several observational studies conclude in favor of estrogen treatment, while RCT studies show
little benefit of estrogen as an AOD. Additionally, an increased risk of cardiovascular
diseases, pulmonary emboli, deep vein thrombosis and breast cancer is shown among
postmenopausal women who use HRT. Therefore, it is not recommended as first line
treatment of osteoporosis (44).
Denosumab
Denosumab is a fully monoclonal antibody to the receptor activator of nuclear factor-kappaB
ligand (RANKL) that blocks its binding to RANK. This will inhibit the activity and number
of osteoclasts, increase BMD and decrease fracture risk. Denosumab is given as a
subcutaneously injection twice a year for 36 months. This regimen reduces the risk of hip,
vertebral and non-vertebral fractures in postmenopausal women (57). Another study shows its
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benefit through increased BMD and decreased risk of vertebral fractures in men receiving
androgen-deprivation therapy for prostate cancer (58).
Selective estrogen receptor modulators (SERMs)
SERMs, e.g. raloxiphene, are non-hormonal substances that bind to estrogen receptors. They
were developed to maintain estrogen effect on cardiac and skeletal tissue without stimulating
breast tissue and endometrium. By maintaining the estrogen effect in bone tissues, bone
resorption decreases and BMD increases (59). An RCT study shows increasing BMD in
femoral neck and spine and reduction in risk of vertebral fractures three years after starting
with raloxiphene (60).
Parathyroid hormone (PTH)
As mentioned earlier (1.4.2), the only anabolic AOD is PTH. PTH are recombinant proteins
that stimulate positive bone formation balance and remodeling (61). Teriparatid is the PTH
used as AOD. It is given subcutaneously once daily in a period of 24 months, and should not
be used again in the patient’s life time. An RCT study shows increasing BMD in
postmenopausal women with osteoporosis after 24 weeks of daily subcutaneous injections of
PTH (62).

1.5

Quality of life (QoL) and EQ-5D

All kinds of fractures, both minor and major, may lead to pain, immobility, social isolation,
depression and reduced physical activity, which all together will affect QoL (63). Use of
AOD decrease the risk of fractures and may increase the QoL.
QoL is a measure of the general well-being and a summary of the positive and negative
characteristic of life. There are many ways to calculate QoL, and one of the most frequently
used methods in Norway and Europe is the EuroQol-5 dimensions (EQ-5D) questionnaire.
The EuroQol Research Foundation’s definition of EQ-5D is “The EQ-5D health questionnaire
provides a simple descriptive profile and a single index value for health status” (64). EQ-5D
includes five dimensions and each one of them has either three levels (1-no problem, 2-some
problems and 3-extreme problem) in EQ-5D 3L or five levels (1- no problems, 2-slight
problems, 3-moderate problems, 4-severe problems and 5-unable to/extreme problems) in
EQ-5D 5L. EQ-5D dimensions are: Mobility or movement, self-care (self-dressing or selfwashing), usual activities (work, study, housework), pain/discomfort, and anxiety/depression,
11

as shown in table 1. For children and adolescents aged 7-12 there is a separate type of EQ-5D,
the EQ-5D Y (65).

Table 1 EQ-5D 3L dimensions, levels and scores
Dimensions

Mobility

Self-care

Usual activities

Pain/discomfort

Anxiety/depression

Levels

Score

No problems in walking

1

Some problems in walking

2

Extreme problems in walking

3

No problems with self-care

1

Some problems with self-care

2

Extreme problems with self-care

3

No problems with preforming usual activities

1

Some problems with preforming usual activities

2

Extreme problems with preforming usual activities

3

No pain or discomfort

1

Moderate pain or discomfort

2

Extreme pain or discomfort

3

No anxiety or depression

1

Moderate anxiety or depression

2

Extreme anxiety or depression

3

A total EQ-5D 3L score of for example 11111 indicates no problems at all, while a score of
12321 indicates no problems walking, some problems with self-care, extreme problems with
performing usual activities, moderate pain or discomfort and not anxious or depressed.
In order to value EQ-5D (i.e. change it to a numeric score) a method called Visual analogue
scale (VAS) or Time trade off (TTO) should be used (66). QoL values vary from 0 (dead) to 1
(best imaginable health), and in some cases it can be in minus (i.e. it is better to die). VAS is a
self-reported health scale where the top endpoint “10” is called “Best imaginable health
state” and the bottom endpoint “0” is called “worst imaginable health state”. The
information can be used as a quantitative measure of health made by individuals (67). TTO is
based on putting the individual in an imaginary situation and the usual question is “Imagine
that you are told that you have 10 years left to live. In connection with this you are also told
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that you can choose to live these 10 years in your current health state or that you can choose
to give up some life years to live for a shorter period in full health. Indicate with a cross on
the line the number of years in full health that you think is of equal value to 10 years in your
current health state” (68). The Tromsø Study uses TTO, a tariff from UK. Based on this, QoL
can be calculated from EQ-5D 3L according to the following equation (69): “1 + (-0.081 [if
there is at least one 2 or 3]) + (-0.269 [if there is at least one 3] + (-0.069[mobility=2] or 0.314[mobility=3]) + (-0.104[self-care=2] or -0.214[self-care=3]) + (-0.036[usual
activities=2] or -0.094[usual activities=3]) + (-0.123[pain/discomfort=2] or 0.386[pain/discomfort=3]) + (-0.071[anxiety/depression=2] or -0.236[anxiety/depression
=3])”.
There are several other types of questionnaire that are used to measure QoL for a specific
disease, like osteoporosis, chronic obstructive pulmonary disease (COPD) and others. They
can be used to measure the burden of this specific diseaseand are called disease specific
instruments. The one that are used in osteoporosis is called Quality of Life Questionnaires for
vertebral and wrist fractures (QUALEFFO) which was developed by the European
Foundation for Osteoporosis in 1992. It is used with patients who have suffered from prior
vertebral fractures and have a BMD T-score <-1 SD at lumbar bone. This questionnaire
includes questions about pain, physical function, social function, general health perception
and mental function. The scale of QUALEFFO is designed to measure The QoL on a scale of
0 to 100, with 0 indicate the best QoL and 100 the worst QoL. The advantages of using
QUALEFFO are that it contains more relevant questions, it is more valid and measures
accurately QoL in osteoporotic patients. Also, it is less time consuming than general QoL
measuring questionnaires (63). QUALEFFO will not be used here in this thesis because The
Tromsø Study 6 did not use it.
Quality adjusted life-year (QALY) has been used in many drugs’ trials to study the effect of
drugs on patients’ quality of life (both in quality and quantity) (70), but what we will use here
in this thesis is QoL which is the outcome of EQ-5D which constitutes a main part of QALY.
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2

Aim

The aim of this master thesis is to investigate a potential association between anti-osteoporotic
drug (AOD) use among persons with osteoporosis and their quality of life (QoL).
In persons with osteoporosis, we will compare QoL between those who use AOD and those
who do not, while taking into account fractures and other relevant covariates.
The thesis will attempt to answer the following questions:
Is there a difference in QoL between AOD users and non-users?
Does QoL defined by EQ-5D 3L show a different pattern compared with other measurements
of QoL, such as various description of pain or of self-reported health status?
How do fractures influence a potential association between QoL and AOD use?
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3

Material and method

3.1

The Tromsø Study

The Tromsø Study started in 1974. Only men were incuded and the study aimed at finding
reasons for the high death rate of cardiovascular disease in North Norway, and how to prevent
cardiovascular diseases (71). A Norwegian man in the 1970s had a 20% risk of dying of heart
disease especially myocardial infarction. The purpose of the Tromsø Study was evident from
the title of the study as “The Tromsø Heart Study” (71). The seventh wave of the Tromsø
Study were completed in October 2016 and included both men and women aged 40 years or
more, who are living in the municipality of Tromsø. This latest survey included more than
fifty research areas in health and disease. The Tromsø Study has over 45 000 participants in
one or more of its surveys, while more than 18 000 participants have attended three or more
surveys. The Arctic University of Norway (UiT) funded all the seven surveys (72).
Tromsø is the biggest city in North Norway with more than 74 000 inhabitants (from
Statistics Norway SSB-2017). At latitude 69-degree North, Tromsø is located 400 km north of
the Arctic Circle. There are two different periods in the year that can affect physical activities
for the inhabitants of Tromsø; the “midnight sun” which lasts for two months during summer,
and the “polar night”, the dark period during winter, which also lasts for two months. Tromsø
has mild climate because of the Gulf Stream. All of these factors have been taken into account
in the different Tromsø Study surveys (71). A list of the different surveys of The Tromsø
Study is shown in table 2.
Table 2 List of The Tromsø Study surveys (72).
Study survey

Period

Number of participants

Age

Tromsø 1

1974

6595

20-49

Tromsø 2

1979-1980

16651

20-54

Tromsø 3

1986-1987

21826

12-67

Tromsø 4

1994-1995

27158

25-97

Tromsø 5

2001-2002

8130

30-89

Tromsø 6

2007-2008

12984

30-87

Tromsø 7

2015-2016

21083

40+
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3.1.1 The sixth wave of the Tromsø Study
The sixth wave of the Tromsø Study (Tromsø 6) was carried out in 2007-2008, and the
participants were the residing people of Tromsø with age between 30 to 87 years. The main
purpose of the survey was to collect new and repeated measurements of exposure data, in
addition to the evaluation of risk factors and treatment. The survey included two screening
visits, first visit (all participants, n=12984) and second visit (subgroup, n=7307), and many
other follow up studies. In the first visit, a questionnaire was used to collect information about
socio-economy, education, family, alcohol and tobacco intake and physical activities. The
second visit included clinical examinations on a subgroup, including DXA, visual acuity test,
echocardiography and many others. The percentage of attendance rate was 65.7% of all
invited subject. The youngest, the oldest and the first time participants had lowest attendance
rate, while women showed higher attendance than men (73). The current master thesis will
use data from Tromsø 6.

3.2

Study population

The total number of subjects invited to the first visit in Tromsø 6 were 19762 (Figure 4).
These included all the subjects that participated in Tromsø 4, all inhabitants aged 40-42 and
60-87 years, a 10% randomly invited sample of subjects aged 30-39 years and a 40%
randomly invited sample of subjects aged 43-59 years. The firs visit included 12984 attending
subjects. Not all of these subjects were eligible for the second visit, only those who fulfilled
one of the following criteria; all subjects aged 50-62 and 75-84 years, randomly sampled 20%
of subjects aged 63-74 years and subjects who had participated in the second visit of Tromsø
4 and who were not included through the two first criteria. From the 7958 subjects invited to
the second visit, 7307 participated. The total number of participants who had their BMD
measured by the DXA method in the second visit was 3663 measured at left femoral neck and
3694 at right femoral neck (73).
The current master thesis include data from the first and the second visit for participants aged
50 years or above, who had measured BMD by DXA at left femoral neck (n=3516), or right
femoral neck for those who did not measure BMD at left femoral neck (n=61). Among these
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we selected persons with osteoporosis, i.e. those with T-score either <-2.5 SD (n=310) or
between -2.5 –and -1.6 SD combined with prior fracture (n=234) (total n=544).

Figure 4 Study population flowchart. The dark grey box is the study population (n=544).
The light grey box is the DXA population which is included in some of the descriptive
statistics (n=3577)
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3.3 Variables
Osteoporosis classification was based on BMD measured at the femoral neck by using DXA.
Participants with T-score <-2.5 SD or T-score from -2.5 to -1.6 SD combined with prior selfreported fracture (of the forarm or hip) were considered as osteoporotic (6). T-score was
calculated using the National Health and Nutrition Examination Survey (NHANES) III
reference and by using Lunar reference, sex specific young adult 20-39 years, (74, 75). The
equation used to calculate T-score was:

For young adult female, the reference BMD (population peak BMD) is 0.980 g/cm2 with 0.12
g/cm2 standard deviation (SD). For young adult male, the reference BMD is 1.070 g/cm2 with
SD of 0.13 g/cm2. Osteoporosis fracture information was collected by the question “Have you
ever had a hip fracture?” or “Have you ever had a wrist/forearm fracture?’’. The participants
who answered “Yes’’ were considered as having had a prior fracture.

3.3.1 Independent variables
Information on AOD was collected by two questions. First the general question “Do you take,
or have you taken some of the following medications?” with the sub-point “Osteoporosis’’,
and the response alternatives were “never used’’, “Now’’ or “Earlier’’. This variable was
dichotomized into yes (“Now”) and no (“Never used” or “Earlier”). The current master thesis
also includes information on use of AOD based on the brand names the participants reported
in their list of drugs used in the last four weeks. Bisphosphonates have ATC codes M05BA01,
M05BA02, M05BA03, M05BA04, M05BA05, M05BA06, M05BA07, M05BA08,
M05BB01, M05BC01 and M05BX04. HRT has ATC codes G03CA03, G03CA04,
G03CX01, G03FA01, G03FA12 and G03FB05. Denosumab has ATC code M05BX04.
SERM has ATC code G03XC01. PTH has ATC code H05AA02 (76).
Kappa statistics was used in order to measure the reliability between these two different AOD
questions. The equation used to measure kappa was:

where Po is the relative observed agreement among raters, Pe is the hypothetical probability of
chance agreement and K is Cohen’s kappa. The relative agreement between these two
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information sources on AOD use was computed and assessed according to the Landis and
Koch suggestion (77), as shown in table 3.
Table 3 Agreement measures for categorical data (77)
Kappa result

Strength of agreement

<0.00

Poor

0.00 – 0.20

Slight

0.21 – 0.40

Fair

0.41 – 0.60

Moderate

0.61 – 0.80

Substantial

0.81 – 1.00

Almost perfect

3.3.2 Covariates
The following covariates were included in the analyses:


Age (years)



Gender (male, female)



Height in centimeter



Weight in kilogram



Self-reported prior fractures



Other diseases that can affect the quality of life like heart attack, angina pectoris,
stroke/brain hemorrhage, asthma, chronic bronchitis/ emphysema/ COPD and diabetes
mellitus were collected by the question “Do you have, or have you had …?”, answer
alternative were either “Yes” or “No”.



Educational level, the question was “What is the highest levels of education you have
completed?’’. There were five answer alternatives for this question, ranging from primary
school to university four years or more.



Physical activity (Exercise and physical exertion in leisure time), the question was
“Exercise and physical exertion in leisure time. If your activity varies much, for example
between summer and winter, then give an average. The question refers only to the last
twelve months’’. There are four answer categories in this question, varying from low to
hard activity.
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The categorical independent variables were coded as follows: AOD use (0=not AOD user and
1=AOD user), bisphosphonates use (0=not bisphosphonates use and 1=bisphosphonates use),
sex (0=female and 1=male), other diseases (0=no and 1=yes) and prior fractures (0=no and
1=yes).

3.3.3 Dependent variables
We analysed the data using three different dependent variables; EQ-5D 3L, self reported
health and muscle and joint pain.
EQ-5D 3L score was used in order to measure QoL. The EQ-5D 3L score is a continuous
variable that varies from -0.18 to 1.00, and is measured according to the TTO-tariff from the
United Kingdom (72). This variable did not fulfil the assumption of normal distribution. The
distribution of the EQ-5D 3L score variable is shown in figure 5.
180
160
140

Frequency

120
100
80
60
40
20

-0.18
-0.02
0.06
0.09
0.10
0.12
0.16
0.17
0.19
0.23
0.26
0.26
0.41
0.52
0.59
0.59
0.62
0.62
0.66
0.69
0.69
0.69
0.71
0.73
0.73
0.74
0.76
0.78
0.80
0.81
0.81
0.82
0.85
0.85
0.88
1.00

0

EQ-5D 3L score according to TTO-tariff from UK

Figure 5 Frequency distribution of the EQ-5D 3L scores

The variable self-reported health was collected from the question “How do you in general
consider your own health to be?”. Answer alternatives were “Very good”, “Good”, “Neither
good nor bad”, “Bad” or “Very bad”. we dichotomized this variable into good health (very
good, good and neither good or bad) and bad health (bad and very bad).
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The variable muscle and joint pain was collected from six questions with the same question
frame: “Have you during the last year suffered from pain and/or stiffness in muscles or joints
in your xxx lasting for at least 3 consecutive months?”. The xxx refers to the following six
alternatives: neck/shoulder, arms/hands, upper part of the back, the lumbar region,
hips/leg/feet, other places). Answer alternatives were “No”, “A little” or “A lot”. we
dichotomized this variable into pain (A little and A lot) and no pain (No).
The categorical dependent variables were coded as follows: self-reported health (0=bad health
and 1=good health), muscle and/or joint pain (coded as 0=no pain and 1=pain).
A complete list of variables used in this thesis is given in table number 4.
Table 4 Complete list of variables

Population defining variables

Variable

Variable type

T-score from BMD of the femoral neck*

Continuous

Self-reported prior fractures

Categorical

Independent

Exposure of Self-reported AOD use

Categorical

variables

interest

AOD use extracted from brand name list

Categorical

Covariates

Age

Continuous

Gender

Categorical

Height*

Continuous

Weight*

Continuous

Prior fractures

Categorical

Other diseases

Categorical

Education

Categorical

Physical activity

Categorical

EQ-5D 3L

Continuous

Self-reported health

Categorical

Muscle and joint pain

Categorical

Dependent variables

Abbreviations: BMD, Bone Mineral Density; AOD, anti-osteoporotic drug; EQ-5D 3L, EuroQol-5 Dimension 3 levels.
*Variables measured at attendence
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3.4

Reliability of questions on AOD use

We tested the reliability of the two different questions used to collect information about AOD
use. In order to measure inter-rater agreement for categorical items we used kappa statistics,
as it takes into account the possibility of agreement occurring by chance. The first question
was “Do you take, or have you taken some of the following medications?” with the sub point
“Osteoporosis” and the second one was extracted from the participants’ self-reported list of
medications (brand names). The results of applying the Kappa equation to test agreement
between these two different questions is shown in table 5.
Table 5 Reliability of AOD use questions (Cohen's kappa statistics test).
Self-reported AOD use
Yes

No

Total

AOD use

Yes

55

9

64

according to

No

21

435

456

brand names

Total

76

444

520*

Abbreviations: AOD, anti-osteoporotic drug.

*We excluded missing in self-reported AOD use (n=24)

Kappa calculation: (0.94-0.76) / (1-0.76) = 0.75
A kappa of 0.75 means substantial strength of agreement between these two different AOD
questions. A previous master thesis by Ntiamoah showed that the sensitivity of the general
AOD use queation versus AOD use according to brand name was 55% and that the
dicrepancy between the two sources of AOD-information is mainly due to the inclusion of
AODs other than bisphosphonates in the brand name question (20). As we wanted to capture
AOD use in general and not merely bisphosphonates use, and as the reliability is fairly good,
we chose to use the brand names to define AOD use in our analyses.
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3.5

Study design and data analysis

This is a cross-sectional analysis in an observational study. Data analysis was done using the
statistical software program Statistical Package for Social Sciences (SPSS) version 24 from
IBM for Windows.
In order to compare mean QoL in the study population (AOD users versus non AOD users)
with mean QoL in the remaining DXA population (no osteoporosis), we used one way
ANOVA test (78).
In order to test the association between AOD use (as well as bisphosphonates alone) and QoL
measured by EQ-5D 3L we used linear regression (78). EQ-5D 3L score was a skewed
variable and not normally distibuted, therefore we used bootstrapping with both simple and
multiple linear regression test. Bootstrapping estimation technique is a technique that is not
assuming normally distributed data. Mann-Whitney test was also used with continuous
dependent variable, EQ-5D 3L score, in order to check the results from the simple linear
regression test. After the multiple linear regression, the Akaike information criterion (AIC)
was used to assess the model with and without an interaction term (AOD use * prior fracture).
AIC measures the relative quality, model assessment, of these statistical models for a given
data set, and compares the two models.
Binary logistic regression test (78) was used with categorical dependent variables to estimate
the associations between AOD use and self-reported health and muscle and joint pain, and to
adjust for potential confounding factors. Potential confounding factors were chosen based on
a Directed Acyclic Graph (DAG) model, as shown in figure 6.
A DAG model gives an entire graphical, and mathematical, model that can help us to
minimize bias in the analysis. By adjusting for confounding covariates, and not adjusting for
colliders, we can minimize, or eliminate, biased paths and estimate the direct effect from
exposure to outcome (the green path in figure 6) (79).
Additionally, the participants were stratified into fracture participants and non-fracture
participants, in order to assess the effect of AOD on QoL in both groups. we also tested a
potential interaction between AOD use and prior fractures.
Significance level was set at 5%.
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Figure 6 DAG model for independent, covariate and dependent variables. Grey nodes
indicate unmeasured variables, white nodes indicate measured variables that we need to adjust
for (confounder), red nodes indicate measured variables that we should not adjust for
(collider), yellow node indicate independent variable (exposure of interest), and blue node
indicate dependent variable (79)

3.6

Ethics

The Tromsø Study was approved by the Regional Committee of Medical and Health Research
Ethics (REK) and the Norwegian Data Protection Authority (Datatilsynet). The Tromsø Study
complies with International Ethical Guidelines for Biomedical Research Involving Human
Subjects, the International Guidelines for Ethical Review of Epidemiological Studies 1991
and the Declaration of Helsinki 1964. The participation was voluntary and each participant
gave a written informed consent prior to participation (73).
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4

Results

4.1

Characteristics of the study population

Table 6 shows the characteristics of the study population according to use and non-use of
AOD. The total number of participants who had osteoporosis, and who were eligible for this
study, was 544 participants. Among these, 70% (n=380) were women. The average score of
EQ-5D 3L was 0.81 (SD=0.2) (n=478). The participants were on average 71.6 years of age
(range 50-87). Their average height was 163.8 cm (SD=8.7) (range 139.5 – 187.6), and body
weight was 67.8 kg (SD=12.5) (range 33.9 – 120.7 ). Number of participants who answered
“No” to the question “Have you ever had, or do you have osteoporosis?” were 430, and those
who answered “Yes” were 95. Number of participants who had prior fracture, wrist and/or hip
fracture, was 335 participants and 183 had no prior fracture. The two different questions that
were used to collect information about AOD use gave slightly different frequency of use.
According to the overall AOD use question, 76 were users and 444 were non users. According
to brand names listed by the participants, 65 were users and 479 were non users, and this is
the definition of AOD use that were applied in the subsequent analyses. The proportion with
lower education was 78.7% (Primary, 1-2 years’ secondary school/ Vocational school/ High
secondary school (A-level)), while 19.1% had higher education (College, university less than
four years/ college, university four years or more). The proportion of participants who had
other diseases that can affect QoL (heart attack, angina pectoris, stroke/brain haemorrhage,
asthma, chronic bronchitis/ emphysema/ COPD and diabetes mellitus) was 34.9%. According
to the question on self-reported health, the proportion of participants who reported good
health was 92.6%, while 7% had bad health. Muscle and/or joint pain was reported by 37% of
the participants, while 58% reported no muscle and/or joint pain.
After we excluded those who did not answer the EQ-5D 3L questions (n=66) (table 7), the
proportion of participants who had BMD <-2.5 SD and were AOD users was 67% of all AOD
users according to brand names. Among those who were non AOD users, the proprtion of
participants who had BMD <-2.5 SD was 54%.
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Table 6 Characteristics of the study population (n=544).
Characteristics
Age
50-59
60-69
70-79
80-87
Sex
Male
Female
Prior fractures (wrist and/or hip)
Yes
No
Missing
Education level
Primary/secondary school, modern secondary school
Technical school, vocational school, 1-2 years senior high
school
High school diploma
College/university less than 4 years
College/university 4 years or more
Missing
Other diseases that affect QoL
Yes
No
BMD measurement according to DXA method
BMD <-2.5
BMD -2.5 – -1.6
Health status
Very bad
Bad
Neither good nor bad
Good
Excellent
Missing
Muscle and/or joint pain
Pain
No pain
Missing

N

%

Non-AOD
users*

AOD
users*

41
172
237
94

7.5
31.6
43.6
17.3

38
159
201
81

3
13
36
13

164
380

30.1
69.9

156
323

8
57

335
183
26

61.6
33.6
4.8

296
161
-

39
22
-

262
141

48.2
25.9

229
122

33
19

25
55
49
12

4.6
10.1
9.0
2.2

20
53
44
-

5
2
5
-

190
354

34.9
65.1

169
310

21
44

310
234

57.0
43.0

265
214

45
20

4
34
215
251
38
2

0.7
6.3
39.5
46.1
7.0
0.4

2
25
184
232
35
-

2
9
31
19
3
-

203
316
25

37.3
58.1
4.6

174
282
-

29
34
-

Abbreviations: N, number of participants; %, proportion of participants; AOD, anti-osteoporotic drug; BMD, Bone Mineral
density; DXA, dual energy X-ray absorptiometry.
*AOD according to the brand names listed by participants.
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Table 7 Bone Mineral Density in AOD users and non-users.
AOD use according to brand names
Yes

No

Total

BMD measurement

T-score <-2.5

36

232

268

T-score according

T-score -2.5 – -1.6

18

192

210

to DXA method

with prior fracture
54

424

478*

Total

Abbreviations: AOD, anti-osteoporotic drug; BMD, Bone Mineral Density; DXA, Deul energy X-ray absorptiometry.
*We excluded those who did not answer EQ-5D 3L questions (n=66).

4.2

EQ-5D 3L score according to degree of osteoporosis and
AOD use in the total DXA-populatin (n=3117)

we compared mean EQ-5D 3L score among the following four groups (table 8):
1) Have osteoporosis and are AOD users
2) Have osteoporosis and are not AOD users
3) Prior fracture and DXA >-1.6 SD
4) Not prior fracture and DXA >-2.5 SD
The mean EQ-5D 3L score for AOD users (group 1) was significantly lower compared with
the other three groups with p=0.003, 0.002 and 0.002 respectively. There were some missing
in this data (range from 6.1% in group number four to 16.9% in group number one), because
some participants did not answer the EQ-5D 3L questions.
Table 8 EQ-5D 3L score for the four DXA population
Group number

N*

EQ-5D 3L score mean (SD)

p-value

1

54

0.68 (0.28)

Ref.

2

424

0.82 (0.18)

0.003

3

316

0.84 (0.18)

0.002

4

2323

0.83 (0.18)

0.002

Abbreviations: N, number of participants; EQ-5D 3L EuroQol-5 dimensions 3 levels; SD, standard diviation.
*We excluded those who did not answer EQ-5D 3L questions (n=252).
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4.3

The association between AOD use and QoL, health and
muscle/joint pain

4.3.1 AOD use and QoL
The mean QoL score was 0.68 (SD=0.28) in the 54 participants using AOD and 0.82
(SD=0.18) in the 424 participants not using AOD. The mean QoL score was 0.81 (SD=0.20)
for the whole osteoporosis study population (n=478), while the mean QoL was 0.83
(SD=0.20) for the whole population of Tromsø 6, aged ≥ 50 years (n=7848).
In simple linear regression analysis the QoL was inversely associated with the use of AOD
(B=-0.145, p=0.001, 95% CI -0.227 – -0.072, n=478) (table 9). After adjusting for covariates
in a multiple linear regression model, the QoL remained inversely associated with the use of
AOD, although the association was slightly weakened (B=-0.114, p=0.006, 95% CI -0.199 – 0.033) (n=457). We tested the association between bisphosphonates use only and QoL, with
similar result (B=-0.150, p=0.002, 95% CI -0.250 – -0.054) after adjusting for
covariates(n=457) (data not shown in table 9).
After stratifying the population into prior fracture and no fracture, QoL was inversely
associated with use of AOD (B=-0.132, p=0.002, 95% CI -0.219 – -0.049) among those with
prior fracture (n=294). Among those not reporting prior fracture (n= 163), the association was
weaker and not significant (B=-0.086, p=0.294, 95% CI -0.259 – 0.084). We also tested a
potential interaction between AOD use and prior fractures by including an interaction term in
the full model. The interaction term was not significantly associated with QoL (B=-0.029,
p=0.743, 95% CI -0.188 – 0.139). The result of Akaike Information Criterion (AIC) score for
the adjusted model with and without the interaction term was practically the same.
The dependent variable EQ-5D 3L, score was not normally distributed. In order to check the
results from the simple linear regression test, we used the Mann-Whitney U-test. This test
compare the mean rank of QoL-scores between AOD users and non-users. The MannWhitney test confirmed the simple linear regression indicating that QoL was significantly
higher among non AOD users (mean rank =247.56, n=424) than AOD users (mean rank
=176.22, n=54), U=8031, p << 0.001.
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Table 9 Simple and multiple linear regression models assessing the association between
use of AOD and covariates on QoL as the dependent variable among men and women
aged ≥50 with osteoporosis.
Type of analysis
Not adjusted
Adjusted for
covariates

N

Independent
variables
478* AOD use
457** AOD use
Age
Sex
Height
Weight
Education
Other diseases
Prior fractures

B

P-value

95% C.I

-0.145
-0.114
-0.004
0.026
0.001
0.000
0.008
-0.030
-0.006

0.001
0.006
0.001
0.287
0.388
0.741
0.246
0.137
0.768

(-0.227 – -0.072)
(-0.199 – -0.033)
(-0.007 – -0.002)
(-0.022 – 0.075)
(-0.002 – 0.005)
(-0.003 – 0.002)
(-0.005 – 0.021)
(-0.069 – 0.007)
(-0.045 – 0.033)

457** AOD use
Age
Sex
Height
Weight
Education
Other diseases
Prior fracture
AOD use vs. prior
fracture

-0.067
-0.004
0.028
0.001
0.000
0.008
-0.030
0.026
-0.029

0.685
0.001
0.253
0.415
0.735
0.244
0.137
0.782
0.743

(-0.450 – 0.265)
(-0.007 – -0.002)
(-0.021 – 0.076)
(-0.002 – 0.005)
(-0.003 – 0.002)
(-0.005 – 0.022)
(-0.068 – 0.006)
(-0.181 – 0.222)
(-0.188 – 0.139)

Stratified analysis
Prior fractures

294

No prior fractures

163

-0.132
-0.005
0.037
0.000
0.000
0.003
-0.047
-0.086
-0.005
0.007
0.004
-0.000
0.019
-0.003

0.002
0.002
0.299
0.961
0.767
0.682
0.070
0.294
0.065
0.871
0.157
0.974
0.209
0.938

(-0.219 – -0.049)
(-0.008 – -0.002)
(-0.030 – 0.099)
(-0.005 – 0.004)
(-0.003 – 0.003)
(-0.013 – 0.020)
(-0.103 – 0.006)
(-0.259 – 0.084)
(-0.009 – 0.000)
(-0.086 – 0.091)
(-0.002 – 0.009)
(-0.004 – 0.004)
(-0.011 – 0.051)
(-0.069 – 0.072)

Interaction analysis
Adjusted for
covariates

AOD use
Age
Sex
Height
Weight
Education
Other diseases
AOD use
Age
Sex
Height
Weight
Education
Other diseases

Note: Bold variables and values are statically significant.
Abbreviations:QoL, quality of life; N, number of participants; B, beta-coefficients; C.I, confidence interval; AOD,
anti-osteoporotic drug.
*Number of missing was 66
**Number of missing was 87
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4.3.2 The association between AOD use and self-reported health
Table 10 shows the results from the logistic regression analysis that was conducted to assess
whether AOD use were associated with self-reported health. The unadjusted analysis returned
an odds ratio (OR) of 0.29 (p= 0.001, 95% CI=0.14 – 0.62) (n=542). This OR value indicates
that the AOD users have 71% lower odds to evaluate their health as good with the true
population effect lying between 86% and 38%, and this result was statically significant. After
adjustment for covariates, including prior fractures, the OR for the association remained
significant, OR=0.28 (p=0.004, 95% CI=0.12 – 0.67) (n=505). This means that, as in the
unadjusted analysis, AOD users have 72% lower odds to evaluate their health as good with
the true population effect lying between 88% and 33.
We also tested a potential interaction between AOD use and prior fracture by including an
interaction term in the full model. The interaction term was not significantly associated with
self-reported health (OR=0.84, p=0.841, 95% CI=0.14 – 4.87) (n=505).

4.3.3 The association between AOD use and self-reported muscle and/or
joint pain
Table 11 shows the results from the logistic regression analysis that was conducted to assess
whether AOD use is associated with self-reported muscle and/or joint pain. The unadjusted
analysis returned an OR of 1.38 (p= 0.813, 95% CI= 0.81 – 2.35) (n=519). The OR value may
indicate that the odds of having muscle and/or joint pain among AOD users is 38% higher
than among non-users, but this result was not statically significant. After adjustment for
covariates, including prior fractures, the OR for the association was 1.09 (p= 0.757, 95%
CI=0.62 – 1.93) (n=501). This means that there was no significant difference in muscle and/or
joint pain between AOD users and non AOD users. The inclusion of an interaction term for a
potential interaction between AOD use and prior fracture did not change the result, and the
interaction term was not significantly associated with muscle and/or joint pain.
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Table 10 Logistic regression analyses of association between AOD use and self-reported
health among men and women aged ≥50 with osteoporosis.
Type of analysis

N

Independent variables

OR

P-value

95% C.I

Unadjusted

542*

AOD use

0.288

0.001

(0.135 – 0.615)

Adjusted for covariates

505** AOD use

0.279

0.004

(0.116 – 0.668)

Age

1.006

0.842

(0.952 – 1.062)

Sex

1.108

0.871

(0.324 – 3.788)

Height

1.013

0.705

(0.947 – 1.084)

Weight

0.996

0.839

(0.961 – 1.033)

Education

1.449

0.069

(0.971 – 2.163)

Other diseases

0.303

0.003

(0.139 – 0.664)

Prior fractures

1.120

0.786

(0.495 – 2.533)

0.370

0.505

(0.020 – 6.866)

Age

1.006

0.837

(0.952 – 1.062)

Sex

1.133

0.845

(0.326 – 3.940)

Height

1.012

0.719

(0.946 – 1.083)

Weight

0.996

0.839

(0.961 – 1.033)

Education

1.453

0.069

(0.972 – 2.171)

Other diseases

0.301

0.003

(0.137 – 0.662)

Prior fractures

1.411

0.779

(0.127 – 15.635)

AOD use vs. prior
fracture

0.835

0.841

(0.143 – 4.874)

Full model including
interaction term

505** AOD use

Note: Bold variables and values are statically significant.
Abbreviations: N, number of participants; OR, odds ratio; C.I, confidence interval; AOD, anti-osteoporotic drug.
*Number of missing was 2
**Number of missing was 39
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Table 11 Logistic regression analyses of association between AOD use and muscle and
joint pain among men and women aged ≥50 with osteoporosis.
Type of analysis

N

Independent variables

Unadjusted

519*

Adjusted for
covariates

Full model including
interaction term

OR

P-value

AOD use

1.382

0.231

(0.813 – 2.349)

501** AOD use

1.093

0.757

(0.621 – 1.925)

Age

1.030

0.023

(1.004 – 1.056)

Sex

0.614

0.114

(0.335 – 1.124)

Height

0.996

0.835

(0.963 – 1.031)

Weight

1.010

0.280

(0.992 – 1.029)

Education

0.891

0.117

(0.770 – 1.029)

Other diseases

1.456

0.062

(0.982 – 2.159)

Prior fractures

1.572

0.033

(1.036 – 2.385)

0.901

0.919

(0.119 – 6.797)

Age

1.030

0.023

(1.004 – 1.056)

Sex

0.610

0.111

(0.332 – 1.121)

Height

0.997

0.845

(0.963 – 1.031)

Weight

1.010

0.281

(0.992 – 1.029)

Education

0.890

0.117

(0.770 – 1.029)

Other diseases

1.459

0.061

(0.983 – 2.164)

Prior fractures

1.375

0.656

(0.339 – 5.579)

AOD use vs. prior
fracture

1.125

0.844

(0.347 – 3.645)

501** AOD use

95% C. I

Note: Bold variables and values are statically significant.
Abbreviations: N, number of participants; OR, odds ratio; C.I, confidence interval; AOD, anti-osteoporotic drug.
*Number of missing was 25
**Number of missing was 43
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5

Discussion

5.1

Results

Quality of life is a major issue in the medical and pharmacological field nowadays (80). EQ5D 3L is a widely-used tool for measuring QoL in Europe and Norway, and it is the one that
has been used in the Tromsø Study. It takes only a few minutes to complete these healthrelated questions, and the results cover a wide array of health-related problems that affect
QoL. Osteoporosis gives no or few signs and symptoms, like back pain, but its complications,
particularly hip fractures, are painful and may lead to very serious health deterioration, and
even precipitate death (80). The use of AOD was low, less than 18% among participants with
osteoporosis according to DXA, which was previously shown in master thesis by Ntiamoah at

UiT (20). Another study from 2015 also shows low use of AOD after forearm fracture in a
survey in central Norway between 2005-2012 (81).
This study shows that in a cross-section of an osteoporotic population, those who use AOD
have significantly lower QoL, measured by EQ-5D 3L, than those who do not use AOD. This
agrees with the results for the other two outcomes we investigated in this study, self-reported
health status and muscle and/or joint pain. Participants who reported AOD use had
significantly worse health status than AOD non-users. Likewise, participants who reported
AOD use had more muscle and/or joint pain than AOD non-users, although this last result
was not statically significant, probably because of the nature of osteoporosis as a condition
without sign and symptoms. This can indicate that all these three methods can be used as a
measurement method for health status of osteoporotic population, with lesser degree to
muscle and/or joint pain. Additionally, this can indicate good capability of using EQ-5D 3L
by the participants, and good understanding of its different dimensions and levels.
A randomised controlled study that tested the effect of bisphosphonates on QoL among
patients with metastatic bone disease due to breast cancer, showed better QoL after long-term
treatment with bisphosphonate because of a reduction in pain among these patients (82).
Another randomised control study that tested the effects of nutrition supplementation and
bisphosphonates on QoL and some other factors after hip fractures, found that the use of
bisphosphonates alone could not stop a drop in QoL. Preservation or less drop in QoL after
hip fracture was found when bisphosphonates was combined with high protein nutrition (83).
These studies suggest that the effect of bisphosphonates on QoL depends on type of
osteoporosis, duration of treatment and type of nutrition. The type of study design of these
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two studies, RCTs that included a time dimension, was different from our cross-sectional
study design, probably explains the opposite results.
Our result is in agreement with another cross-sectional study that found that AOD users had
significantly lower QoL compared to those who had not previously received AOD (84). The
authors suggested that a higher knowledge of osteoporosis and their signs and symptoms, risk
factors and consequences would give better and earlier osteoporosis prevention behaviours
and better QoL. This higher knowledge will require education and courses to improve the
awareness of osteoporosis, AOD and other prevention methods. Despite some differences
between this study and our study, especially in osteoporosis definition, prevalence of AOD
use and fracture sites, we believe that the reason behind this agreement is the same type of
study design.
When BMD increases, the fracture risk decreases. The aim of using AOD is to increase BMD
and thereby ultimately lower the risk of osteoporotic fractures. As some studies have shown,
BMD increases in participants who use AOD and decline in participants who do not use
AOD, e.g. those who have had an “AOD holiday” (85-87). QoL will be steeply affected, i.e.
decreased (88), when fractures happen, especially hip fractures. So, it would be reasonable to
find some results that contrast what we found in this study if we consider the effect of AOD
on BMD, osteoporotic fractures and QoL over time.
The Minimal Clinically Important Difference (MCID) for EQ-5D 3L score is the minimum
difference in score that is clinically meaningful to patients. Use of MCID enhances the ability
to compare between the different EQ-5D 3L measurements for different diseases or
populations (89). It is difficult to estimate it exactly, because of the variation between diseases
and patients. A comparison of MCID for two health state utility measures, EQ-5D 3L and SF6D suggested that a MCID for EQ-5D 3L would be in the range of -0.011 to 0.140 (mean
0.074) (90). Our result (B=0.114) lies in the upper part of this range, above mean MCID, and
may thus be considered a clinically important difference.
The use of EQ-5D 3L method to calculate QoL is well known and can be used in many health
fields. EQ-5D 3L is a general and non-specific measure of QoL, i.e. it is supposed to
encompass all sides of health, wellbeing or diseases. On the other hand, the use of a disease
specific method to measure QoL, like osteoporosis in this study, could have advantages over
this general tool. Besides the specificity of such methods, they also can be less of a burden for
the patients, because these methods can be oriented toward the patients’ individual problems
34

(80). One disadvantage with disease specific methods is that a comparison between two
different diseases is not possible, in other words these methods are fitting only one disease
(80). This means that we would not have been able to compare QoL between our osteoporotic
study population and the non-osteoporotic participants in Tromsø 6 using an osteoporosis
specific QoL questionnaire like QUALEFFO (as we did in section 4.2) (80). On the other
hand, if we used QUALEFFO instead of EQ-5D 3L, the results of a QUALEFFO score would
had been more specific for the osteoporosis population than the EQ-5D 3L score, because it
contains more relevant questions to osteoporosis signs, symptoms and fractures.

5.2

Methodological considerations

Our data was from Tromsø 6, which is data collected in 2007/2008. The kind of study design
that we used here was cross-sectional, and it is the only study design that we could use with
this kind of data. If we had data for the same participants from previous waves of the Tromsø
Study, Tromsø 4 or Tromsø 5, or even the latest Tromsø 7, then we could have used a
longitudinal study design to assess causality between AOD use and QoL.
Our study population was participants with osteoporosis, and the definition of osteoporosis
was per the Norwegian guideline for osteoporosis in need of treatment (those who had BMD
<-2.5 SD or those who had BMD -2.5 – -1.6 SD with prior forearm/hip fracture). This
definition means that we included those who were not aware that they have osteoporosis, and
this is not necessarily equally distributed between AOD users and non-users. To maximize the
number of participants, i.e. increase the representability of the population and increase the
power, we included the BMD measurements for right femoral neck for those who did not
measure BMD at left femoral neck.
The classification of prior fractures was based on the participants’ answers to the questions on
prior wrist/hip fractures. As we do not know the actual fracture date, a “Yes” could mean that
they had a fracture in childhood, or younger age. This would imply fractures that was a result
of an accident, so-called high-energy fractures. Considering these as osteoporotic fractures,
like we did in this study, has implications for our study population. This may lead to an
artificially high number of participants being classified as osteoporotic participants. Another
consideration is that the people who had a recent hip fracture would not be able to participate
in this survey, because they have a lot of pain, and may be living in nursing homes at the time
of the survey. A third point is that the questionnaire did not have any questions about prior
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vertebral fractures, which is one of the most important osteoporotic fracture when it comes to
everyday symptoms (pain). We may therefor assume that we do not have the severe
osteoporosis cases in this study population. And probably for these reasons, we did not find
any significant association between prior fractures and QoL. Neither did we find any clear
influence of fractures on the association between AOD use and QoL through interaction and
stratified analysis. Use of information on osteoporotic fractures from a register, like the
National Hip Fracture Database, is the best way of measuring the influence of osteoporotic
fractures on AOD use (26) and QoL.
We chose to use the brand name question as an independent variable, and not the general
question on AOD-use. The reason behind this choice was mainly the Kappa statistic results
that indicate substantial strength of agreement between the two different sources of
information on AOD use. Another reason is that it includes all the types of AOD, not only
bisphosphonates. There is no question about bisphosphonates specifically in the
questionnaire, but it has been shown that those who answer “Yes” to use of AOD is
bisphosphonates users rather than users of HRT or other AOD types (20). A master thesis by
Ntiamoah from 2016 at UiT showed that the self-reported use of AOD, the first AOD
question, was in fact a question about bisphosphonates only, because this question showed
high sensitivity and specify with bisphosphonates use from the brand name question (20). So,
it is reasonable to include all the type of AOD, by choosing brand name question, in this study
to test the association between AOD in general and QoL rather than bisphosphonates only.
We wanted to set up a regression model that adjusted as much as possible for confounding
factors and at the same time avoided introducing bias through the variables we included. To
avoid biased paths in this analysis, we used a DAG model (79). The DAG model gives us the
opportunity to identify the confounding, mediator and collider variables among covariates.
We wanted to adjust for confounding and mediator variables, but adjusting for a collider
variable would introduce bias. A collider is a variable resulting from the outcome of two or
more variables. A collider closes the path between the exposure of interest and the outcome,
and does not produce an unconditional association between these variables of interest. So,
adjusting for a collider will open this closed path and thereby lead to bias in the model.
Physical activity was a collider variable in this DAG model, so adjusting for this variable
would have produced a biasing path. Therefore, we chose not to adjust for physical activity.
DAG models has some disadvantages. They neither show the direction nor strength of the
effect, nor interaction, antagonism or synergism. The researcher decides the direction of the
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paths based on previous scientific knowledge. In this case, we mainly used the “Norwegian
guidelines for prevention and treatment of osteoporosis and osteoporotic fractures”, and other
reviews and articles. Some of the paths have a logic one way direction, like the path from sex
toward education; It is more likely that sex affects education than the opposite. Sex, age,
weather and ethnicity are variables that cannot be affected by other variables, but they can
themselves affect other variables. Prior fractures, or osteoporosis as a disease, can be affected
by many variables (6), for instance sex, age, height, diet, ethnicity and weather. Diseases that
we included in the variable “Other diseases” are chronic diseases that we believe that they can
have some effects on QoL, as explained in the review “Quality of life in chronic disease
patients” (91). So, the high comorbidity of these participants who have other diseases or their
health-consciousness can act as a predictor of AOD use (26). The effect of education level on
QoL has been shown in a study where lower educational level was associated with poor QoL
among old people (92). A Norwegian study of predictors of AOD use showed that the higher
education level, the more awareness of the effect of drug and the more drug use (26).
Therefore, we drew a path from education toward AOD use.
We included three unmeasured variables that had shown some effects on osteoporosis,
osteoporotic fractures (6) and QoL. These were weather (exposure to sun light), ethnicity and
diet rich in vitamin D and calcium. Measuring and controlling for these three variables could
give better causality assessment in this study if we disregard the study design problem.
In the main analysis, we used multiple linear regression to assess an association between
AOD use and the main outcome EQ-5D 3L score. The reason for using this test was the type
of outcome variable (EQ-5D 3L is a continuous variable) and we had more than one predictor
in this model (both continuous and categorical variables) (78). The main dependent variable,
EQ-5D 3L score, was however a skewed variable and did not follow a normal distribution. To
deal with it in a linear regression statistic test we used bootstrapping. With bootstrapping
estimation technique, that is not assuming normally distributed data, we can ensure a more
reliable regression model that will produce more precise statistical results. Additionally, we
used a nonparametric statistic test, Mann-Whitney statistic test, just to check the result of the
simple linear regression. We could not use Mann-Whitney as the main analysis because in this
test we cannot adjust for covariates.
We chose to use logistic regression to analyse an association between AOD use and the other
two end points, self-reported health and muscle and/or joint pain. The reason was that these
were dichotomous outcomes, and we had the same type and number of predictors as in the
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main analysis (78). Self-reported health was a categorical variable that we dichotomised into
good (excellent, good, neither good nor bad) and bad (bad, very bad) health. This cut-off was
chosen because we think the participants is more likely to report “neither good nor bad” when
they have good health but not as good as they want, and those who feel they have bad health
will probably not report “neither good nor bad” but rather report “bad” or “very bad”. So, this
will probably give the clearest separation between good and bad health. We also dichotomised
the third dependent variable, muscle and joint pain, into pain (A little, A lot) and no pain
(No). This was done to capture as much osteoporosis symptoms as possible, because
osteoporosis has no or mild symptoms like back pain. Additionally, dichotomising gives us
the opportunity to use binary logistic regression, and gives estimates of the association that
are easy to interpret.
Confounding by indication can play a big role in this study, and it is difficult to measure and
control for. Participants who use AOD in general had low BMD. A prior osteoporotic fracture
and/or used a drug, or have other risk factors, lead to a reduction in BMD. In other words,
they recognized the symptoms of osteoporosis, or had been diagnosed by their doctor, and
started the treatment after the disease had progressed into a serious stage. This group of
participants will thereby probably have worse QoL than non AOD users in this osteoporosis
population, as was shown in a cross-sectional study that found lower QoL in osteoporosis
participants than in osteopenia and/or normal BMD participants (93). In our study population,
we found that two-thirds of AOD users had BMD of <-2.5 SD, while about half of non AOD
users had BMD of <-2.5 SD. This indicates that AOD users have more severe degree of
osteoporosis. The mean QoL-score in our study population, participants with osteoporosis,
was lower than the mean QoL-score of DXA population, i.e. participants without
osteoporosis, that indicate and support this confounding type.
Additionally, those who negatively appreciate their QoL or are unsatisfied by their health
status are more likely to have more doctor visits. This may cause the AOD use is higher
among participants with osteoporosis and with low QoL. From this kind of participants, we
can find lower QoL measured by EQ-5D 3L because it is self-reported QoL measurement.
The main strength of this study was the use of DXA measurement of BMD. DXA is a reliable
diagnostic tool for classifying our study population as having osteoporosis, namely those who
had T-score of <-2.5 SD or T-score of -2.5 – -1.6 with prior fracture. Osteoporosis, QoL of
osteoporosis participants and use of AOD are connected to the older aged participants.
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Therefore, our study population was restricted to those who aged ≥50 years, which make the
results more generalizable to the osteoporotic population.
Our data was from the Tromsø Study which is a population-based survey. The attendance rate
was 66%. This is lower than the previous surveys, but still considered as a good attendance
rate which contributes to the generalizability of the results. The large number of variables and
information collected by the Tromsø 6, gives it an advantage as a data source for studies like
ours, making it possible to include almost all the variables that we needed.
Remembering, or recall bias, could be a problem here, especially with the question about prior
fractures or with the general AOD use question. Recall problems regarding prior fractures
could decrease the number of participants included in this study. However, most of the
variables that was used here were variables that are unlikely to give wrong information (e.g.
sex, age), measurements done by health personnel (DXA, height and weight), or relatively
easy to answer (e.g. current medication use, education, other diseases). The use of brand name
of AOD as a variable of AOD use gave an advantage over the self-reported AOD use, because
the participants would have access to their drugs while answering at home. A previous study
has showed that the agreement between self-report for use of AOD and pharmacy register is
high (94). Not only self-reported AOD use has high agreement, but also many other drug
types used for chronic diseases (95). We therefore assume that the validity of AOD use in our
study is acceptable.
The self-reporting of prior hip and wrist fractures has been shown to be relatively accurate in
a Danish study (96). However, in our study population ≥50 years, we do not know when the
reported fracture happened. A fracture many years back does probably not refer to an
osteoporotic fracture. This could lead to a misclassification of participants, artificially
increasing the osteoporosis population, thereby underestimating AOD use and overestimating
the effect size.
Another bias that can affect our results is the requirement for the Tromsø Study participants to
attend the study site. Selection bias could occur because of the absence of the people who
were living at nursing homes, and otherwise weak and sick people. This kind of bias could
overestimate the QoL of participants and underestimate the effect size. Additionally, the nonattendance problem can make the results of this study less generalizable.
The problem of missing is another limitation in this study. Participants who did not answer
one or more of the questionnaire questions were excluded from the statistic tests. This lead to
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a smaller analysis population, which again lead to lower precision and wider confidence
intervals. Additionally, missing may increase the possibility of bias in the estimation of
parameters because of the possibility of unequal distribution of missing between AOD users
and AOD non-users. we could not use an imputation method to control for, or replace,
missing data, because of the presence of a not normally distributed variable (EQ-5D 3L) and
many dichotomous variables that makes it difficult to replace missing data (97).
The type of the study design that we could use here was cross-sectional. In this type of
observational study design, we cannot establish a temporal relationship between exposure
(here AOD use) and outcome (here QoL). Because of this, it is impossible to say anything
about causality. It could just as well be low QoL that leads to AOD-use than AOD-use leading
to low QoL. Therefore, we recommend a future study that consider the time dimension, a
longitudinal design like cohort or RCT, to measure the effect of AOD on QoL.
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6

Conclusion

Persons with osteoporosis who were using AOD had significantly lower QoL compared to
those who did not use AOD at survey time. This must not be interpreted as if AOD use leads
to lower QoL. As this is a cross-sectional study, the direction of the association and the causal
relationship cannot be established. Confounding by indication, severity or awareness of
disease could be a problem as not all participants knew they had osteoporosis.

41

7

References

1.
2.

Grabowski P. Physiology of Bone. Endocrine development. 2015;28:33-55.
Clarke BL, Khosla S. Physiology of bone loss. Radiologic clinics of North America.
2010;48(3):483-95.
What is the difference between osteoblast and osteoclast? : Reference An IAC Publishing
Labs Company; 2016 [cited 2016.10.10]. Available from:
https://www.reference.com/science/difference-between-osteoblast-osteoclast9a0b81182ea8603e#.
Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated with
osteoporotic fractures. Osteoporosis international : a journal established as result of
cooperation between the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA. 2006;17(12):1726-33.
The world health report 2004: changing history: World Health Organization; 2004 [cited
2016.09.04]. Available from: http://www.who.int/chp/topics/Osteoporosis.pdf.
Norwegian guidelines for prevention and treatment of osteoporosis and osteoporotic
fractures: The Norwegian directorate of health; 12.2005 [cited 2016.09.05]. Available from:
https://helsedirektoratet.no/.
Delmas PD, van de Langerijt L, Watts NB, Eastell R, Genant H, Grauer A, et al. Underdiagnosis
of vertebral fractures is a worldwide problem: the IMPACT study. Journal of bone and
mineral research : the official journal of the American Society for Bone and Mineral Research.
2005;20(4):557-63.
Majumdar SR, Kim N, Colman I, Chahal AM, Raymond G, Jen H, et al. Incidental vertebral
fractures discovered with chest radiography in the emergency department: prevalence,
recognition, and osteoporosis management in a cohort of elderly patients. Archives of
internal medicine. 2005;165(8):905-9.
Curtis JR, Safford MM. Management of osteoporosis among the elderly with other chronic
medical conditions. Drugs & aging. 2012;29(7):549-64.
Gronskag AB, Forsmo S, Romundstad P, Langhammer A, Schei B. Incidence and seasonal
variation in hip fracture incidence among elderly women in Norway. The HUNT Study. Bone.
2010;46(5):1294-8.
Sogaard AJ, Meyer HE, Emaus N, Grimnes G, Gjesdal CG, Forsmo S, et al. Cohort profile:
Norwegian Epidemiologic Osteoporosis Studies (NOREPOS). Scandinavian journal of public
health. 2014;42(8):804-13.
Bartl R, Gradinger R. [Current diagnosis and therapy of osteoporosis on the basis of
"European guidance 2008"]. Der Orthopade. 2009;38(4):365-79; quiz 80.
Schroder G, Knauerhase A, Kundt G, Schober HC. Effects of physical therapy on quality of life
in osteoporosis patients - a randomized clinical trial. Health and quality of life outcomes.
2012;10:101.
Kanis JA, Oden A, McCloskey EV, Johansson H, Wahl DA, Cooper C. A systematic review of hip
fracture incidence and probability of fracture worldwide. Osteoporosis international : a
journal established as result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA. 2012;23(9):2239-56.
Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark J, et al. Osteoporosis in
the European Union: medical management, epidemiology and economic burden. A report
prepared in collaboration with the International Osteoporosis Foundation (IOF) and the
European Federation of Pharmaceutical Industry Associations (EFPIA). Archives of
osteoporosis. 2013;8:136.
Falch JA, Meyer HE. [Osteoporosis and fractures in Norway. Occurrence and risk factors].
Tidsskrift for den Norske laegeforening : tidsskrift for praktisk medicin, ny raekke.
1998;118(4):568-72.

3.

4.

5.
6.

7.

8.

9.
10.

11.

12.
13.

14.

15.

16.

42

17.

18.
19.

20.
21.

22.
23.
24.

25.
26.

27.
28.

29.

30.
31.
32.

33.
34.
35.

Omsland TK, Emaus N, Tell GS, Magnus JH, Ahmed LA, Holvik K, et al. Mortality following the
first hip fracture in Norwegian women and men (1999-2008). A NOREPOS study. Bone.
2014;63:81-6.
Vestergaard P, Rejnmark L, Mosekilde L. Loss of life years after a hip fracture. Acta
orthopaedica. 2009;80(5):525-30.
Lofthus CM, Frihagen F, Meyer HE, Nordsletten L, Melhuus K, Falch JA. Epidemiology of distal
forearm fractures in Oslo, Norway. Osteoporosis international : a journal established as
result of cooperation between the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA. 2008;19(6):781-6.
Ntiamoah FK. Use of anti-osteoporosis drugs in The Tromsø Study: Is undertreatment a
problem? Master thesis in Pharmacy. 05/2016.
Kim SC, Kim MS, Sanfelix-Gimeno G, Song HJ, Liu J, Hurtado I, et al. Use of osteoporosis
medications after hospitalization for hip fracture: a cross-national study. The American
journal of medicine. 2015;128(5):519-26.e1.
Khosla S, Riggs BL. Pathophysiology of age-related bone loss and osteoporosis. Endocrinology
and metabolism clinics of North America. 2005;34(4):1015-30, xi.
Khosla S, Oursler MJ, Monroe DG. Estrogen and the skeleton. Trends in endocrinology and
metabolism: TEM. 2012;23(11):576-81.
Waugh EJ, Lam MA, Hawker GA, McGowan J, Papaioannou A, Cheung AM, et al. Risk factors
for low bone mass in healthy 40-60 year old women: a systematic review of the literature.
Osteoporosis international : a journal established as result of cooperation between the
European Foundation for Osteoporosis and the National Osteoporosis Foundation of the
USA. 2009;20(1):1-21.
Korpi-Steiner N, Milhorn D, Hammett-Stabler C. Osteoporosis in men. Clinical biochemistry.
2014;47(10-11):950-9.
Devold HM, Sogaard AJ, Tverdal A, Falch JA, Furu K, Meyer HE. Hip fracture and other
predictors of anti-osteoporosis drug use in Norway. Osteoporosis international : a journal
established as result of cooperation between the European Foundation for Osteoporosis and
the National Osteoporosis Foundation of the USA. 2013;24(4):1225-33.
Ambrose AF, Cruz L, Paul G. Falls and Fractures: A systematic approach to screening and
prevention. Maturitas. 2015;82(1):85-93.
Kanis JA, Johnell O, De Laet C, Jonsson B, Oden A, Ogelsby AK. International variations in hip
fracture probabilities: implications for risk assessment. Journal of bone and mineral research
: the official journal of the American Society for Bone and Mineral Research.
2002;17(7):1237-44.
Hoiberg MP, Rubin KH, Gram J, Hermann AP, Brixen K, Haugeberg G. Risk factors for
osteoporosis and factors related to the use of DXA in Norway. Archives of osteoporosis.
2015;10:16.
Dontas IA, Yiannakopoulos CK. Risk factors and prevention of osteoporosis-related fractures.
Journal of musculoskeletal & neuronal interactions. 2007;7(3):268-72.
Mazziotti G, Canalis E, Giustina A. Drug-induced osteoporosis: mechanisms and clinical
implications. The American journal of medicine. 2010;123(10):877-84.
Bultink IE, Baden M, Lems WF. Glucocorticoid-induced osteoporosis: an update on current
pharmacotherapy and future directions. Expert opinion on pharmacotherapy.
2013;14(2):185-97.
Biondi B, Cooper DS. The clinical significance of subclinical thyroid dysfunction. Endocrine
reviews. 2008;29(1):76-131.
Mancini T, Mazziotti G, Doga M, Carpinteri R, Simetovic N, Vescovi PP, et al. Vertebral
fractures in males with type 2 diabetes treated with rosiglitazone. Bone. 2009;45(4):784-8.
Kahn SE, Zinman B, Lachin JM, Haffner SM, Herman WH, Holman RR, et al. Rosiglitazoneassociated fractures in type 2 diabetes: an Analysis from A Diabetes Outcome Progression
Trial (ADOPT). Diabetes care. 2008;31(5):845-51.

43

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.
50.

Richards JB, Papaioannou A, Adachi JD, Joseph L, Whitson HE, Prior JC, et al. Effect of
selective serotonin reuptake inhibitors on the risk of fracture. Archives of internal medicine.
2007;167(2):188-94.
Roux C, Briot K, Gossec L, Kolta S, Blenk T, Felsenberg D, et al. Increase in vertebral fracture
risk in postmenopausal women using omeprazole. Calcified tissue international.
2009;84(1):13-9.
Rejnmark L, Vestergaard P, Heickendorff L, Andreasen F, Mosekilde L. Loop diuretics increase
bone turnover and decrease BMD in osteopenic postmenopausal women: results from a
randomized controlled study with bumetanide. Journal of bone and mineral research : the
official journal of the American Society for Bone and Mineral Research. 2006;21(1):163-70.
Rabaglio M, Sun Z, Price KN, Castiglione-Gertsch M, Hawle H, Thurlimann B, et al. Bone
fractures among postmenopausal patients with endocrine-responsive early breast cancer
treated with 5 years of letrozole or tamoxifen in the BIG 1-98 trial. Annals of oncology :
official journal of the European Society for Medical Oncology / ESMO. 2009;20(9):1489-98.
Leidig-Bruckner G, Ziegler R. Diabetes mellitus a risk for osteoporosis? Experimental and
clinical endocrinology & diabetes : official journal, German Society of Endocrinology [and]
German Diabetes Association. 2001;109 Suppl 2:S493-514.
El Maghraoui A, Sadni S, Rezqi A, Bezza A, Achemlal L, Mounach A. Does Rheumatoid
Cachexia Predispose Patients with Rheumatoid Arthritis to Osteoporosis and Vertebral
Fractures? The Journal of rheumatology. 2015;42(9):1556-62.
Chen SJ, Liao WC, Huang KH, Lin CL, Tsai WC, Kung PT, et al. Chronic obstructive pulmonary
disease and allied conditions is a strong independent risk factor for osteoporosis and
pathologic fractures: a population-based cohort study. QJM : monthly journal of the
Association of Physicians. 2015;108(8):633-40.
Kanis JA, McCloskey EV, Johansson H, Cooper C, Rizzoli R, Reginster JY. European guidance for
the diagnosis and management of osteoporosis in postmenopausal women. Osteoporosis
international : a journal established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA.
2013;24(1):23-57.
Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B, Randall S, et al. Clinician's Guide to
Prevention and Treatment of Osteoporosis. Osteoporosis international : a journal established
as result of cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA. 2014;25(10):2359-81.
WHO scientific group on the assessment of osteoporosis at primary health care level: World
Health Organization; 2004 [cited 2016.09.04]. Available from:
http://www.who.int/chp/topics/Osteoporosis.pdf.
THE NATIONAL OSTEOPOROSIS FOUNDATION: NOF organization; 2016 [cited 2016.09.12].
Available from: https://www.nof.org/patients/diagnosis-information/clinical-exams/.
Strope MA, Nigh P, Carter MI, Lin N, Jiang J, Hinton PS. Physical Activity-Associated Bone
Loading During Adolescence and Young Adulthood Is Positively Associated With Adult Bone
Mineral Density in Men. American journal of men's health. 2015;9(6):442-50.
Gillespie LD, Gillespie WJ, Robertson MC, Lamb SE, Cumming RG, Rowe BH. WITHDRAWN:
Interventions for preventing falls in elderly people. The Cochrane database of systematic
reviews. 2009(2):Cd000340.
Santesso N, Carrasco-Labra A, Brignardello-Petersen R. Hip protectors for preventing hip
fractures in older people. The Cochrane database of systematic reviews. 2014(3):Cd001255.
Malkov S, Cawthon PM, Peters KW, Cauley JA, Murphy RA, Visser M, et al. Hip Fractures Risk
in Older Men and Women Associated With DXA-Derived Measures of Thigh Subcutaneous
Fat Thickness, Cross-Sectional Muscle Area, and Muscle Density. Journal of bone and mineral
research : the official journal of the American Society for Bone and Mineral Research.
2015;30(8):1414-21.

44

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

Rønning M SS, Strøm H, Berg CL, Litleskare I, Blix HS, et al. Drug Consumption in Norway
2004-2008, osteoporosis: Norwegian Institute of Public Health; 2016 [updated 10.06.2016;
cited 2016.09.17]. Available from:
http://legemiddelhandboka.no/Terapi/21751/?ids=21752#i21752.
Davis S, Martyn-St James M, Sanderson J, Stevens J, Goka E, Rawdin A, et al. A systematic
review and economic evaluation of bisphosphonates for the prevention of fragility fractures.
Health technology assessment (Winchester, England). 2016;20(78):1-406.
Drake MT, Cremers SC. Bisphosphonate therapeutics in bone disease: the hard and soft data
on osteoclast inhibition. Molecular interventions. 2010;10(3):141-52.
Khan A, Dubois S, Khan AA, Rahman MZ, Khan OA, Syed HT, et al. A randomized, doubleblind, placebo-controlled study to evaluate the effects of alendronate on bone mineral
density and bone remodelling in perimenopausal women with low bone mineral density.
Journal of obstetrics and gynaecology Canada : JOGC = Journal d'obstetrique et gynecologie
du Canada : JOGC. 2014;36(11):976-82.
Cummings SR, Black DM, Thompson DE, Applegate WB, Barrett-Connor E, Musliner TA, et al.
Effect of alendronate on risk of fracture in women with low bone density but without
vertebral fractures: results from the Fracture Intervention Trial. Jama. 1998;280(24):2077-82.
Chen L, Wang G, Zheng F, Zhao H, Li H. Efficacy of bisphosphonates against osteoporosis in
adult men: a meta-analysis of randomized controlled trials. Osteoporosis international : a
journal established as result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA. 2015;26(9):2355-63.
Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR, et al. Denosumab for
prevention of fractures in postmenopausal women with osteoporosis. The New England
journal of medicine. 2009;361(8):756-65.
Smith MR, Egerdie B, Hernandez Toriz N, Feldman R, Tammela TL, Saad F, et al. Denosumab
in men receiving androgen-deprivation therapy for prostate cancer. The New England journal
of medicine. 2009;361(8):745-55.
Maximov PY, Lee TM, Jordan VC. The discovery and development of selective estrogen
receptor modulators (SERMs) for clinical practice. Current clinical pharmacology.
2013;8(2):135-55.
Ettinger B, Black DM, Mitlak BH, Knickerbocker RK, Nickelsen T, Genant HK, et al. Reduction
of vertebral fracture risk in postmenopausal women with osteoporosis treated with
raloxifene: results from a 3-year randomized clinical trial. Multiple Outcomes of Raloxifene
Evaluation (MORE) Investigators. Jama. 1999;282(7):637-45.
Song J, Jin Z, Chang F, Li L, Su Y. Single and combined use of human parathyroid hormone
(PTH) (1-34) on areal bone mineral density (aBMD) in postmenopausal women with
osteoporosis: evidence based on 9 RCTs. Medical science monitor : international medical
journal of experimental and clinical research. 2014;20:2624-32.
Leder BZ, O'Dea LS, Zanchetta JR, Kumar P, Banks K, McKay K, et al. Effects of abaloparatide,
a human parathyroid hormone-related peptide analog, on bone mineral density in
postmenopausal women with osteoporosis. The Journal of clinical endocrinology and
metabolism. 2015;100(2):697-706.
Lips P, Cooper C, Agnusdei D, Caulin F, Egger P, Johnell O, et al. Quality of life in patients with
vertebral fractures: validation of the Quality of Life Questionnaire of the European
Foundation for Osteoporosis (QUALEFFO). Working Party for Quality of Life of the European
Foundation for Osteoporosis. Osteoporosis international : a journal established as result of
cooperation between the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA. 1999;10(2):150-60.
WHAT IS EQ-5D: EuroQol Research Foundation; 2016 [cited 2016.09.19]. Available from:
http://www.euroqol.org/.
EQ-5D Products: EuroQol Research Foundation; 2016 [cited 2016.09.19]. Available from:
http://www.euroqol.org/eq-5d-products.html.

45

66.
67.
68.

69.
70.
71.
72.
73.

74.

75.

76.
77.
78.
79.
80.

81.

82.

83.

Valuation of EQ-5D: EuroQol Research Foundation; 2016 [cited 2016.09.19]. Available from:
http://www.euroqol.org/about-eq-5d/valuation-of-eq-5d.html.
How to use EQ-5D: EuroQol Research Foundation; 2016 [cited 2016.09.19]. Available from:
http://www.euroqol.org/about-eq-5d/how-to-use-eq-5d.html.
Burstrom K, Johannesson M, Diderichsen F. A comparison of individual and social time tradeoff values for health states in the general population. Health policy (Amsterdam,
Netherlands). 2006;76(3):359-70.
Rosalind Rabin FdC, Agota Szende. EQ-5D Value Sets: Inventory, Comparative Review and
User Guide2007.
What is a QALY? : Hayward Medical Communications; 2009 [cited 2016.09.19]. Available
from: http://www.medicine.ox.ac.uk/bandolier/painres/download/whatis/qaly.pdf.
Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njolstad I. Cohort profile: the Tromso
Study. International journal of epidemiology. 2012;41(4):961-7.
The Tromsø Study: The Arctic University of Norway; 2015 [cited 2017.05.02]. Available from:
https://en.uit.no/forskning/forskningsgrupper/gruppe?p_document_id=453582.
Eggen AE, Mathiesen EB, Wilsgaard T, Jacobsen BK, Njolstad I. The sixth survey of the Tromso
Study (Tromso 6) in 2007-08: collaborative research in the interface between clinical
medicine and epidemiology: study objectives, design, data collection procedures, and
attendance in a multipurpose population-based health survey. Scandinavian journal of public
health. 2013;41(1):65-80.
Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris TB, Heyse SP, et al. Updated data on
proximal femur bone mineral levels of US adults. Osteoporosis international : a journal
established as result of cooperation between the European Foundation for Osteoporosis and
the National Osteoporosis Foundation of the USA. 1998;8(5):468-89.
Emaus N, Omsland TK, Ahmed LA, Grimnes G, Sneve M, Berntsen GK. Bone mineral density at
the hip in Norwegian women and men--prevalence of osteoporosis depends on chosen
references: the Tromso Study. European journal of epidemiology. 2009;24(6):321-8.
The Norwegian Pharmaceutical Product Compendium 2016 [cited 2016.10.03]. Available
from: www.felleskatalogen.no.
Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics. 1977;33(1):159-74.
Field A. Discovering Statistics Using IBM SPSS Statistics. 4th ed. London2013. 199-201, 17-27,
321-4, 773-82, 92, 916 p.
Textor J, Hardt J, Knuppel S. DAGitty: a graphical tool for analyzing causal diagrams.
Epidemiology (Cambridge, Mass). 2011;22(5):745.
Lips P, van Schoor NM. Quality of life in patients with osteoporosis. Osteoporosis
international : a journal established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA.
2005;16(5):447-55.
Hoff M, Skurtveit S, Meyer HE, Langhammer A, Sogaard AJ, Syversen U, et al. Use of antiosteoporotic drugs in central Norway after a forearm fracture. Archives of osteoporosis.
2015;10:235.
Diel IJ, Body JJ, Lichinitser MR, Kreuser ED, Dornoff W, Gorbunova VA, et al. Improved quality
of life after long-term treatment with the bisphosphonate ibandronate in patients with
metastatic bone disease due to breast cancer. European journal of cancer (Oxford, England :
1990). 2004;40(11):1704-12.
Flodin L, Cederholm T, Saaf M, Samnegard E, Ekstrom W, Al-Ani AN, et al. Effects of proteinrich nutritional supplementation and bisphosphonates on body composition, handgrip
strength and health-related quality of life after hip fracture: a 12-month randomized
controlled study. BMC geriatrics. 2015;15:149.

46

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.
96.

97.

Jun HJ, Kim KJ, Lee JS, Yang SH. Association between osteoporotic fractures and quality of life
based on the Korean Community Health Survey of 2010. Journal of physical therapy science.
2015;27(10):3325-8.
Xu LH, Adams-Huet B, Poindexter JR, Maalouf NM. Determinants of change in bone mineral
density and fracture risk during bisphosphonate holiday. Osteoporosis international : a
journal established as result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA. 2016;27(5):1701-8.
Brown JP, Roux C, Ho PR, Bolognese MA, Hall J, Bone HG, et al. Denosumab significantly
increases bone mineral density and reduces bone turnover compared with monthly oral
ibandronate and risedronate in postmenopausal women who remained at higher risk for
fracture despite previous suboptimal treatment with an oral bisphosphonate. Osteoporosis
international : a journal established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA.
2014;25(7):1953-61.
Paggiosi MA, Peel N, McCloskey E, Walsh JS, Eastell R. Comparison of the effects of three oral
bisphosphonate therapies on the peripheral skeleton in postmenopausal osteoporosis: the
TRIO study. Osteoporosis international : a journal established as result of cooperation
between the European Foundation for Osteoporosis and the National Osteoporosis
Foundation of the USA. 2014;25(12):2729-41.
Kim KJ, Jun HJ, Jeong HS, Jeon DJ, Ji SH. The relationship between fracture and quality of life
in Korean adults receiving treatment for osteoporosis based on the 2010 Korean Community
Health Survey. Journal of physical therapy science. 2015;27(7):2083-6.
Coretti S, Ruggeri M, McNamee P. The minimum clinically important difference for EQ-5D
index: a critical review. Expert review of pharmacoeconomics & outcomes research.
2014;14(2):221-33.
Walters SJ, Brazier JE. Comparison of the minimally important difference for two health state
utility measures: EQ-5D and SF-6D. Quality of life research : an international journal of
quality of life aspects of treatment, care and rehabilitation. 2005;14(6):1523-32.
Megari K. Quality of Life in Chronic Disease Patients. Health psychology research.
2013;1(3):e27.
Lasheras C, Patterson AM, Casado C, Fernandez S. Effects of education on the quality of life,
diet, and cardiovascular risk factors in an elderly Spanish community population.
Experimental aging research. 2001;27(3):257-70.
Baczyk G, Samborski W, Jaracz K. Evaluation of the quality of life of postmenopausal
osteoporotic and osteopenic women with or without fractures. Archives of medical science :
AMS. 2016;12(4):819-27.
Curtis JR, Westfall AO, Allison J, Freeman A, Kovac SH, Saag KG. Agreement and validity of
pharmacy data versus self-report for use of osteoporosis medications among chronic
glucocorticoid users. Pharmacoepidemiology and drug safety. 2006;15(10):710-8.
Caskie GI, Willis SL. Congruence of self-reported medications with pharmacy prescription
records in low-income older adults. The Gerontologist. 2004;44(2):176-85.
Hundrup YA, Hoidrup S, Obel EB, Rasmussen NK. The validity of self-reported fractures
among Danish female nurses: comparison with fractures registered in the Danish National
Hospital Register. Scandinavian journal of public health. 2004;32(2):136-43.
Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Multiple imputation
for missing data in epidemiological and clinical research: potential and pitfalls. BMJ (Clinical
research ed). 2009;338:b2393.

47

8

Appendix

Selected pages from the two questionnaires that were used in the sixth wave of the Tromsø
Study. Yellow marks indicate questions used in this master thesis. The full version of the two
questionnaires are available from:
https://en.uit.no/forskning/forskningsgrupper/sub?sub_id=453665&p_document_id=453582
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- part of The Tromsø Study

- part of The Tromsø Survey
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FILL OUT THE FORM IN THIS WAY:
The form would be read by machine, it is therefore important that you tick appropriately:
r Correct
√ Wrong

rWrong

If you tick the wrong box, correct by filling the box like this
Write the numbers clearly

7 4

74

1234567890

Correct
Wrong

Use only black or blue pen, do not use pencil or felt tip pen

53

1. DESCRIPTION OF YOUR HEALTH STATUS
Mark the statement that best fits your
state of health today by ticking once in
one of the boxes under each of the five
groups below:

1.01

1.6

To allow you to show us how good or bad
your state of health is we have made a
scale (almost like a thermometer) where
the best state of health you can imagine is
marked 100 and the worst 0. We ask you to
show your state of health by drawing a line
from the box below to the point on the
scale that best fits your state of health.
Best imaginable
health state
100

Mobility
I have no problems in walking
about
I have little problems in walking about
I am confined to bed

1.02

1.03

90

Self-care
I have no problems with self-care
I have some problems washing or
dressing myself

80

I am unable to wash or dress myself

70

I have no problems with performing my
usual activities
I have some problems with performing my
usual activities
I am unable to perform my usual
activities

1.04

60

Usual activities (e.g. work, study, housework,
family or leisure activities)

Pain and discomfort

Your own health
state today

50

40

30

I have no pain or discomfort
I have moderate pain or discomfort
20

I have extreme pain or discomfort

1.05

Anxiety and depression

10

I am not anxious or depressed
I am moderately anxious or depressed
I am extremely anxious or depressed

0
Best imaginable
health state
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4.10

Have you during the last last year suffered
from pain and/or stiffness in muscles or
joints in your neck/shoulders lasting for
at least 3 consecutive months?
(tick once for each line)
No A little A lot
Neck, shoulder......................
Arms, hands............................
Upper part of the back....
The lumbar region..............
Hips, leg, feet.......................
Other places...........................

4.16

To which degree have you had the following
complaints during the last 12 months?
Never Little Much
Nausea ...........................................
Heartburn/regurgitation.....
Diarrhoea.......................................
Constipation................................
Alternating diarrhoea
and constipation.......................
Bloated stomach.......................
Abdominal pain.........................

4.17

If you have had abdominal pain or
discomfort during the last year:

4.11 Have

you suffered from pain and/or
stiffness in muscles or joints during
the last 4 weeks

Was it located in your upper stomach?.
Were you bothered as often as once a
week or more during the last 3 months?...

No A little A lot
Neck, shoulder .......................
Arms, hands .............................
Upper part of the back .....
The lumbar region ...............
Hips, leg, feet ........................
Other places ............................
4.12

Have you ever had:
Fracture in the
wrist/underarm? ..................

Became better after bowel movement?...
Are the symptoms related to more
frequent or rare bowel movements
than normally? ....................................................
Are the symptoms related to more
loose or hard stool than normally?.............
Do the symptoms appear after a meal? ....

Yes No

Age
last time

4.18

Have you been diagnosed with arthrosis
by a doctor?
Yes
No
4.14 Do you have or have you ever had some
of the following:
Never Little Much
Nickel allergy ........................
Pollen allergy ........................
Other allergies .....................

Ulcer surgery
4.19

....................

........................

For women: Have you ever had a
miscarriage?
Yes
No
Do not know
If Yes: number of times .........................

4.20 For

men: Have your partner ever had
a miscarriage?
Yes
No
Do not know
If Yes: number of times .........................

4.15 Have

you ever experienced infertility
for more than 1 year?
Yes
No
Do not
Yes No know

Age
Yes No last time

......................

Duodenal ulcer

4.13

A condition concerning you?......
A condition concerning your
partner?.........................................................

Have you ever had:
Stomach ulcer

Hip fracture? ..........................

If Yes: was it due to:

Yes No

4.21

Is your diet gluten-free?
Yes
No

4.22 Have

Do not know

you been diagnosed with
Dermatitis Herpetiformis (DH)?
Yes
No
Do not know
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