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2.0, Introduction

2.1. TROST - Tromss Osteoporosis Study

Osteoporotic fractures constitute a major health problem with substantial
morbidity and costs (1, 2). Although the frequency of fractures appears to be
increasing in many countries {3}, the incidence of fractures varies (4, 5), and
together with Northern America, the Scandinavian countries have the highest
incidence of hip and forearm fractures in the world (3-11). As a response to the
growing awareness of the fragility fracture epidemic, TROST (Tromse
Osteoporosis Study} was established in 1993 as en included part of the Tromsa
Study. The main goals of TROST were to identify risk factors for fragility
fractures by as cheap and simple methods as possible, and to find ways to
impiement such knowledge into fracture prevention programmes. TROST works
in close collaboration with NOREPOS (Norwegian Epidemiological Osteoporosis
Study) which comprise four large population-based multipurpose studies in the
cities of Oslo (the Oslo Health Study, HUBRO, 2000-2001), Bergen (the
Hordaland Heaith Study, HUSK, 1998 — 99), Tromsa (The Tromsg Study/Tromse
Osteoporosis Study, TROST, 1994-95 — 2001) and Nord-Trendelag (the Nord-

Trendelag Health Study, HUNT, 1995-1997) (12).

2.2, Bone fragitity
The causation of fracture is complex, but bone fragility is an important contributor
to fracture risk (1, 13, 14). Bone fragility, or the opposite: bone strength, is

connected o several composites of bone tissue as well as to the turnover rate,
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2.2.1. Bone as a tissue

Bone is a dynamic, specialized connective tissue that together with cartilage,
makes the skeletal system which in principle has three main functions;

mechanical (as support and site of muscle attachment for locomotion), proiective
{for vital organs and bone marrow) and metabolic (as a reserve of irons, especially
calcium and phosphate, for the maintenance of serum homeostasis) (15). There are
two main types of bone, cortical (compact) and trabecatar (cancellous) bone. They
are made of the same cells and the same matrix, but there are structural
differences (15} and they can be seen as separate functional entities that do not

change with age in the same way (16).

Cortical bone is dense or compact bone. It comprises 85% of the total bone in the
body and is most abundant in the long shafis of the appendicular skeleion. As 80-
90% of the velume of cortical bone is calcified, the cortical bone fulfils mainiy a
mechanical and protective function (15). The volume of cortica! bone is regulated
with bone formation on the periosteal surface, endosteal resorption and resorption
within the Haversian canals. With age, these processes might lead to increased
porosity of cortical bone. However, periosteal bone formation continues to
increase the diameter of cortical bone throughout life, representing a possible
compensation for the loss of strength induced by the age related bone mass
reduction (17-19). Cortical bone loss is thought to begin after the age of 40, with
an acceleration of loss that oceurs for 5-15 years after menopause in women. Loss
of cortical bone is the major predisposing factor for fractures that occur at the hip

and around the wrist {16).
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Trabecular bene comprises approximately 15 % of the skeleton, and only 15 ~
25% of its volume is calcified, the remainder being occupied by bone marrow,
blood vessels and connective tissue (16). In the lumbar spine, the most common
site of fracture associated with osteoporosis, trabecular bone comprises more than
65% of the total bone. The inter-trochanteric area of femur comprises 50 %
trabecular bone, the neck of femur 25 %. Decline in trabecular bone mass is
thought to begin earlier than the decline of cortical bone mass, but there are
studies suggesting that decline in trabecular bone begins later, and that its decline
is not as prominent as the accelerated loss of cortical bone after menopause {16).
The loss of trabecular bone that occurs with aging is not simply due o thinning of
the bone piates, but is rather caused by complete perforation and fragmentation of
trabeculae (16). The resulting change in architecture leads 1o a loss of strength not

always proportionate of the amount of bone lost (20,

2.2.2. Bone remodelling

The responsiveness of bone to mechanical forces and metabolic regulatory signals
are operative throughout life. Bone tissue therefore undergo remodelling, a
continual process of resorption and renewal (21). Remodeiling is a process both
involved in bone development and growth, and in the turnover mechanism by
which oid bone is replaced by new bone. In the normal adult skeleton, after the
period of development and growth, bone is formed mostly where bone resorption
has previously occurred, in focal and discrete packets throughout the skeleton
(16). The sequence of events at the remodelling unit is the activation-resorption-
formation {ARF} sequence that was first described by H. Frost (22). The ARF

sequence is regulated through regulatory signals among the cell populations (21),
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and the complete remodelling cycle at each microscopic site takes about 3-6

maonths with the same principles in both cortical and trabecular bone (15).

The remodelling that occurs in each basic multicellular unit (BMU), (or bone
siructural unit), is geographically and chronologically separated from other units.
The sequence is always the same, and five different phases can be distinguished
over time {16):

i. osteoclastic resorption

2. reversal

3. preosteoblastic migration and differentiation into osteoblasts
4. ostoblastic matrix (osteoid) formation

5. mincralization

In physiological as well as most pathological circumstances, there is a coupling
between bone formation and previous bone resorption. Packets of bone that are
removed during resorption are replaced during formation. The balance in coupling
between bone formation and previous bone resorption maintain the material and
structural properties of bone, whereas an imbalance of construction and

reconstruction during aging lead to bone fragility and Joss of strength (16).

2.2.3. Material and structural properties of bone

Bone is formed by collagen fibres (type 1) and non-collagenous proteins. Spindle-
or plate-shaped crystals of hydroxyapatite (3Ca3(PO4)2(0OH)2} are found on the
collagen fibres, within them and in the ground substance, which is primanly

composed of glycoproteins and proteglycans. The collagen fibres alternates from
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layer to layer in adult bone with an orientation giving bones their typical lamellar
structure and allowing the highest density of collagen per unit volume of tissue
(15). Both the material and structural properties of bone meet the contradictory
needs of strength for load bearing, lightness for speed, stiffness for movement
against gravity and static loading, as well as flexibility for energy absorption (17).
The stiffhess of the rope-like triple helical fibres of type 1 collagen with mineral
crystals, provide resistance to bending, but excessive stiffness would produce
glass-like brittleness (18). The collagen weave confers flexibility that allows
storage of energy in reversible (clastic) deformation during impact leading or
muscle contraction. When the elastic limit is exceeded, bone can store more
energy by plastic (frreversible) deformation, but at the price of micro-damage. If
the imparted energy exceeds the clastic and plastic limits of deformation, fractures

arise (17).

Strength and lightness are also achieved by the geometrical structure of bones.
Long bones are weight bearing and should not bend too much, stiffness favoured
over tlexibility. The long bones are tubular structures that contain a marrow
cavity, 5o that the cortical mass is placed distant from the central long axis. A unit
area of bone placed distant from the long axis confers greater bending strength
than the same unit area near the long axis because bending strength is a function
of the square of the distance from this long axis (18). Size is therefore an
important determinant of bone sirength and small changes in size, particularly iz
external diameter, have a major effect or mechanical properties of bones {23).
Thus for load bearing and movement, bones must be stiff, but not too stiff as they

become brittle (lose “toughness™ or the ability to resist micro-damage). Bones
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must also be flexible, able to absorb energy in deformation, but not too flexible.
As greater bone tissue mineral content or tissue mineral density, confers greater
bone stiffness and toleration of greater peak stress, the most important material
property of bone is its degree of mineralization (18). For full understanding of the
structural and biomechanical components responsible for bone fragility, we would
however need more knowledge about the specific material and structural
properties such as tissue mineral content, micro-damage burden, porosity, cortical
and trabecular architecture, and their interaction (18). The figure below (Fig 1)
displays the key components of bone strength, including the interrelationship

between bone remodelling, or bone turnover, and bone strength.

Bone Strength

Figure 1. Visualisation of the key components of bone strength, and the
interrelationship between bone turnover and bone strength.
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2.2.4. Aging and fragility

During advancing age bone remodelling (the focal replacement of old or damaged
bone with new bone) becomes impaired. For reasons that are still unclear, less
bone is formed by each BMU, which leads to less bone. The amount of trabecular
bone lost during aging in women and men is believed to be simitar, or only
slightly less in men than in women, but bone loss results mainly in thinning of
trabeculae in men and in loss of connectivity in women (24). In women, the
menopause-related estrogen deficiency increases bone remodelling and makes
BMU balance more negative, as oestrogen deficiency increases the life span of
osteoclasts and reduces the life span of osteoblasts (25). As the increased
remodeiling results in an increase in the amount of bone repiaced (“turned over™),
older, more mineralised bone is replaced by younger less mineralised bone. This
less mature bone has reduced stiffness. The same loads are imposed on a structure
with diminished cross sectional area. The stress (load per unit area) increase,

predisposing to micro-damage and ultimately fracture (18).

During aging, periosteal apposition continues as it did during growth, but more
slowly. In both sexes, it is likely that bone balance becomes progressively less
positive at a time when bone mass is neither increasing nor beginning to decline.
Al some time in young adulthood, and wel} before menopause in women, bone
balance probably starts to become negative because of a reduction in the amount
of bone formed in the BMU, not because of an increase in the resorption in each
BMIUJ. This negative bone balance within each BMU is the structural basis of

irreversible bone loss (19).
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absorption patters. Bach pixel represents the estimated bone mass at that
particular anatomical point (30, or bone mineral content per projected area in

gfem * (29).

2.5. TROST and BMD measurements

The peripheral location and the relatively small amount of surrounding soft tissue
made the distal forearm an obvious early choice for the assessment of & subject’s
bone mineral density. The limited amount of surrounding tissue increased the
accuracy and the precision of bone mass measurements, the peripheral scanning
site reduced the radiation dose and made the equipment requirements simpler and
less expensive (29). In addition, the anatomy of the radius with a thin cortex with
mainly trabecular bone at the ultradistal end and pure cortical bone along the
radial shaft enabled the examination of both trabecular and cortical bone (28).
When it was decided for TROST to have bone density measured in the Tromse
Study 1994-95, the SXA of the forearm was an easy choice. At that time, the
DEXA scanning still took 30 minutes, which was too time-consuming for such a

large study.

Despite the development and availability of densitometric techniques, BMD and
its changes throughout life in both sexes was hardly studied when TROST
planned for the Tromse IV study in 1994. Most of the existing studies werc cross-
sectional (31-42), the majority of them based on healthy volunteer populations.
Some longitudinal studies existed, describing BMD changes in younger (43-51)
and older (52-60) women, but studies from general populations were rare (61-67),

and to our knowledge only one of them included men (63). Normal BMD changes
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in both sexes from the younger to the older age groups were therefore not
thoroughly described and the pattern of bone loss not well understood (68). As
both peak bone mass and subseguent rate of loss both contribute 10 low bone mass
later in life (69), knowledge about normal bone loss rates would be an important
part of understanding the mechanisms behind bone fragility and fracture risk later
in life. With its connection to the population based Tromse Study, TROST had a
unique possibility to study BMD changes in both sexes, from the younger part of
the population to the elderly, both cross-sectionally {Tomss IV) (70) and

longitudinally (Tromse [V and V), in a Scandinavian high-risk population.

2.4, BMD measurements in ongitudinal studies

According to Heaney, few fields of clinical medicine possess toois as precise as
bone densitometry (71). However, scanning instabilities and technical
malfunctions might influence the quantitative results of bone mineral
measurements (29) and bone densitometry can provide misleading information if
it is not apptied appropriately (26). Rigorous quality contro] is mandatory in the
application of quantitative densitometry, and in ongitudinal studies it is important
to secure that the documented changes are real and not only due to densitormeter
drift or fluctuations (72-74) or due to variation between densitometers (72).
Quality control of densitometer performance as well as cross-calibration between
different machines (75) and different methods can be performed in vivo or in vitro
with special-purpose scan phantoms (76). Planning for Tromse IV and V in 1994,
there were studies focusing on the problems of long-term precision within the
ficld of bone mass measurements (62, 72, 77-803, as well as on the problems of

comparability of BMD measurements between densitometers, even of the same
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make and model (81-83). With this awareness, it was important for TROST to
develop and evaluate quality contro! routines for observation of densitometer
performance during its studies, as well as comparability of the participating
densitometers’ measurement level. Our main concern has been how well
densitometer phantoms would reflect differences between densitometers and in

densitometer performance.

3.0. Aim of thesis

On the given background, the aim of the theses is two-fold:
1. To study BMD changes and its variation int wommen and men between 25 —
85 years in a population based longitudinal study. (Paper II and IIT)
2. To study how precision of BMD measurements can be assessed and

secured in longitudinal studies. (Paper I and IV}

4.0. Materizals and method

4.1. Main stady population, TROST (paper I - I}

Through the Tromse Study, TROST had in Tromse IV, 1994-95, 10213 subjects
invited for bone densitometry measurement and 7948 (78%) persons attended the
examination (30, 70). In Tromsg V, 7386 persons still living in Tromse were
invited for a re-examination, and 5771 (78%) attended. This number corresponds
1o 57% of the originally invited cohort (Figure 2 and table ). Table 1 displays the
attendance rates within three age-groups. All age groups are included in paper I,

age groups 25-44 in paper 11, and age groups 45-84 in paper III.
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Invited

Tromse IV, 1994
10213

Tromse V, 2001
7386

Figure 3. Flow chart presenting numbers of persons invited and attended in the
longitudinal study Tromse [V and Tromse IV, 1994-95 and 2001.

Table 1. Attendance rates according to three respective age groups in 1994 for
both sexes in the longitudinal study, Tromsg IV and Tromsg V, 1994-95 and
2001.

Age Invited Attended  Response Invited Attended Response Response % of

Tromse [V Tromsg IV % Tromse V. Tromse % originally
\4 invited cohort

‘Women
25-44 617 396 64,2 391 258 66,0 41,8
45-64 3358 2738 81,5 2661 2226 83,7 66,3
65-84 1820 1418 71,9 1284 943 73,4 51,8
All 5795 4558 78,7 4341 3427 78,9 59,1
Men
25-44 427 241 56,4 240 147 61,3 344
45-64 2494 1974 79,1 1841 1504 81,7 60,3
65-84 1497 1171 78,2 964 693 71,9 46,3
All 4418 3390 76,7 3045 2344 77,0 53.1
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4.2. The course of the longitudinal study (paper I — I}

The course of the longitudinal study is displayed in figure 4. In Tromse IV, 1994
— 95, we started out with the two densitometers, nicknamed “Adam” and “Eva”.
Before starting the second survey in 2001, both densitometers were transported
and used in other studies in NOREPOS (12, 84). Starting the second survey,
“Eva” had to undergo a major repair and was principally replaced by “Henry™.
Three and four months into the second survey, the x-ray tube had to be replaced
on both densitometers, which therefore were nicknamed “Adam-~01/ 1 and 2" and

“Henry — 01/1 and 27 respectively.

Because of the densitometers breakdown, when the Tromseg Study ended phase 1
in December 2001, TROST had only measured BMD on 4681 persons, which
corresponded fo 63 % of those invited to the survey. As TROST still could use the
same localities, we arranged an “extra-invitation” to those who had attended the
Tromse V survey, phase 1, without having the BMD measured. Of the 1527
persons invited, 1090 met (71%), and had their BMD measured in March 2002.
With this “extra-invitation”, the total number of persons with repeated BMD

measurements reached 5771.

Through both studies, quality control was performed on a daily basis with the
aluminium forearm phaniom (AFP) provided by the manufacturer. In 1999, the
European forearm phantom (EFF) (QRM-Germany) was purchased. This is a
serni-anthropomorphic phantom, comprising three hydroxy-apatite bone
imitations with different densities within the human range, 0,662 g/em? at the

highest density level, 0,415 g/em? at the mid-density level and 0,314 g/cm?® at the
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lowest density level. From 1999, and through the second survey, regular

measurements with the EFP, was also included into the study protocol. After

finishing the survey in March 2002, we had three sources at disposal for

retrospective analysis of densitometer performance in our study, and the analysis

and comparison of these three sources serve as a background to paper 1.

I. Repeated human measurements at the distal and ultradistal forearm sites in
altogether eight densitometer combinations.

2. Repeated measurements of the equipment specific aluminium forearm
phantom provided by the manufacturer.

3. Repeated measurements of the European forearm phantom which was

purchased in 1999.

1994 1999 2001
EFP,
N=44
A
Human BMD: Human BMD: ’
N= 2669 N=1454 g:?:;QBMD'
AWP AWP: EFP:
N=405 4 5 AWP: EFP:
N=92 N=66 N=92 N=87
Eva- 94 EFP: Henry S— Henry
s 01/2
01/1 |
Human BMD: Human BMD: sz‘%‘; 1BMD:
N=2968 Hooes AWP: EFP:
AWP: AWP: EFP: N=62. N=l-40
N=417 N=0 N=27

Figure 4. The course of the longitudinal study displayed, Tromse
IV and Tromse IV, 1994-95 and 2001. Human BMD, n=valid
measurements at the distal forearm site.



4.3. Quality control and exclusion of invalid scans (paper I - III)

In both studies, all scans were reviewed and reanatysed from the protocol
developed during Tromse IV (85). Analyses of the scans lead to exclusions of 81
and 113 scans at the distal and uliradistal sites respectively in women, and 53 and
42 scans at the distal and ultradistal sites respectively in men. Reasons for
exclusions were, in both studies, mainly excessive movement artefacts at the distal
site and region of interest out of scan at the uliradistal site. Table 2 displays the

numbers of measured, exciuded and valid scans.

Table 2. Valid repeated measurements TROST, Tromsg IV 1994-95 and Tromse
V 2001,

Repeated Excluded Exciuded Valid repeated
measurements measurements measurements  measurements
Tromseg V-V Tromsa [V Tromsg V Tromse [V-V
Women
Distal site 3427 31 2% 3346
Ultradistal 3427 81 37 3313
Men
Distal site 2344 32 21 2291
Ultradistal 2344 22 20 2302

* 2 persons had their scans excluded in both studies at the distal site
##4 persons had their scans excluded in both studies at the ultradistal site

4.4, Study population, NOREPOS Study (paper IV)
In this study we wanted a selected study population with a wide range of
characteristics that possibly could influence BMD measurements. The inclusion
criteria are thoroughly described in paper IV. For clarification, volunteers for the
study were recruited among employees at the University of Tromse (UiT©) and
they were asked information about age, height and weight as surrogates for bone

mass, bone size and BML From this information, persons were selecied to the
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study through the following system, containing at least three persons in each
group:

Table 3. Chosen characteristics of study participants
for the initial recruitment phase, NOREPOS Study.

Age {years} Height {cm) Weight (kg)

2544 <162 57-67
45 - 64 163 - 171 67179
65 -70 =171 30-92

20 participants fitting into any of these groups, underwent a preliminary DEXA
examination and were included into the study from following criteria; variation in
BMD levels (gfem?), bone size (cm?) measured by DEXA (total hip) and variation
in BMI (kg/m¥). The chosen range of variation was provided through data from
Tromse V. From these measures we had a total of 9 categories where participants
were included untii there were a2 minimum of 3 participants fitting into each
category (Table 1, paper IV). Finally a total of 17 participants were included into

the study.

4.3. BMD measurements, NOREPGS Study (paper IV)

Bone densitometry was performed as in the main study on the distal forearm, on
the five similar SXA-devices formerly used in NOREPOS sub-studies (84), two of
these used in the main study. Each of the 17 participants had three measurements
done on each densitometer with full repositioning between each measurement,
from the same protocol as used in the main study as well as in the former studies
in NOREPOS {12). All scans were reviewed and reznalysed sccording to the same

quality control protocol as in the main study (86).
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4.6. Data management and statistics.
Data management and statistical analysis are thoroughly described in the

respective papers.

5.0. Summary of papers and main results

5.1. The choice of densitometer phantoms in longitudinal studies (paper I)
BMD changes differed significantly on the eight densitometer combinations in the
longitudinal study, also when adjusting for sex and age, indicating a difference in
densitometer measurement level. The main purpose of this study was to
investigate to what degree two different densitometer phantoms refiected
densitometer performance which was observed in the human BMD change data.
The indicated differences were predicted by the anthropomorphic forearm
phantom, EFP, and not by the aluminjum forearm phantom, AFP. The EFP
measurements indicated that one of the densitometers (“Adam-94" and “Adam-
01/17") measured at a higher level (0.005 g/cm?) before x-ray tube replacement
compared te the other densitometers. The EFP data also indicated that
measurement level within each time of function of the densstometers (CV%) was
stable. Based on these results from this, we adjusted the data measured on “Adam-
94" and “Adam-01/1" and concluded that daily assessment of densitometer
performance in longitudinal studies should be performed by anthropomorphic and

not aluminium phantoms.

5.2. BMI} changes in women and men 25 — 44 years (paper H)
The main purpose of this smudy was to describe and compare BMD changes in

women and men aged 25 - 44 years. At the distal site, a small annual gain of
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approximately 0.1 percent turned to & small loss from age 34 and 36 in men and
women respectively. In both sexes the change was significantly predicted by age.
At the ultradistal site, BMD change was only predicied by age in women, bone
loss starting from age 38. A high degree of tracking of BME measurements were
observed in both sexes at both sites. Depending on total BMD change, participants
were greuped into “tosers”, “non-losers” and “gainers”, and more than 6 percent
lost more than the smaflest detectable change, >-3.46 and >-5.14 percent, at the
distal and ultradistal sites respectively. In both sexes the bone mineral content
(BMC) (g) decreased whereas area (cm®) increased significantly in “losers”
compared to “gainers”, representing a possible physiological compensation
preserving bone strength. No cohort effects were observed when measures from

similar age groups from 1994 and 2001 were compared. We conclude that BMD

changes in the age group 25-44 are significantly explained by age, but not by sex.

5.3. BMD changes in women and men 45 — 84 years (paper IIT)

The main purpose of this study was to describe BMD changes in women and men
aged 45 — 84 years. The mean annual bone loss was ~-0.5 and —0.4 percent in men,
~0.9 and —0.8 percent in women not using hormone replacement therapy (HRT),
at the distal and ultradistal sites respectively. Age was a negative predictor of
BMD change at both sites in men. Women not using HRT had the highest bone
loss rates at the uitradistal site 1 — 5 years after menopause. The correlation
between the two measurements were high; r=0.93 and =0.90 in women, and
r=0.96 and r=0.93 in men, distal and ultradista! sites respectively. More than 70
percent kept their quartile positions. The degree of tracking of BMD

measurements was therefore high. The observed bone loss rates in this study
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population were not higher compared to other cohorts. We conclude that BMD
changes in men are significanily explained by age at the distal and uitradistal
forearm sites, whereas women not using HRT experience the highest loss rates 1-5

years afier menopause.

5.4. Can in vitro replace in vivo densitometry cross-calibration? (paper [V)
Based on the resuits from paper I, and on studies reporting conflicting resulis
concerning agreement between in vitro and in vivo measurements, we wanted to
study the agreement between AFP, EFP and in vivo densitometry at the distal
forearm site in a cross-calibration study. Representing the gold standard for
calibration, the human measurements revealed that one of the five densitometers
reported a higher BMD level than the other four densitometers. The EFP followed
the direction of difference observed in the human measurements beiter than the
AFP, but tended to overestimate the difference between the densitomelers. We
conclude that densitometers of same make and model might differ significantly in
performance. In vivo measurements remain the most valid tool for detection of
densitometer differences although differences in densitometer performance are
better captured by calcium-hydroxyapatite then aluminium phantoms. In
longitudinal studies, regular use of phantoms of calcium-hydroxyapatite is still
recornmended for daily quality assessment and for comparison of different

densitometer’s measurement level.
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6.0. Discussion

6.1. Internal validity

The internal validity refers to whether results from a study are valid or true for the
study population (87). Selection bias, information bias and confounding may
threaten the internal validity of a study (87). Bias may be defined as any
systematic error in an epidemiologic study that results in an incorrect estimate of
the agsociation between exposure and outcome (88). Confounding might be
defined as confusion, or mixing, of effects. This definition implies that the effect
of the exposure is mixed together with the effect of another variable so that the
association between exposure and outcome may be distorted by a third variable,
which is refated to both the exposure and the outcome (89). Age and sex are very
tikely to be confounding variables. As those are the most central variables studied
in relation to BMD changes in this theses, we have, to avoid confounding, done
the analysis both age and sex stratified. We are, therefore, mostly concerned about
the possible effect from selection and information bias in our studies on BMD
changes (paper I1 and III), where the aim is to gain knowledge of BMD changes

and its variation in both sexes in a normal population.

6.1.1. Selection bias

Selection bias is a systematic error in a study that stems from the procedures used
to seiect subjects and from factors that influence study participation (89). The
Tromse Study is a population based study famous for the high attendance rates in
its surveys, and as displayed in table 1, the attendance rates in both Tromse [V
and V were well above 75 % in both sexes. The attendance rates do however vary

between the different age groups, being highest in the clder age groups, and



lowest in the youngest age groups, which comprise the study population of paper
11. Data for the first study, Tromse IV, were compared for non-responders, partial
responders and full responders (30, 70), the analysis gave no indication for any
differences between these groups (30). After Tromse V, we could use baseline
characteristics from Tromse IV to compare participants lost for follow-up with
those who attended both studies. The results from the analysis are displayed and

thoroughly discussed in paper II and II1. Here we summarize our main findings.

in the youngest age groups, women and men 25-44 years, participants lost for
follow-up were younger than those who participated in both studies. We have
presented the data in 5-years age groups, which gives us small numbers in the
youngest age groups. It was therefore a great concern to discover possible
selection favours. With information gained from questionnaires in Tromse IV we
analysed whether the two groups differed with regard to central lifestyle variables
which might influence bone loss rates (90-105). The only observed difference
between the two groups was connected to smoking status in both sexes. The
perceniage of present smokers was equal among participating women compared to
participants lost for follow up {p=0.03), but participating women had smoked one
vear longer than those lost for follow up. Total amount of cigarettes smoked were
however not significantly different when the two groups were compared. The
percentage of present smokers tended to be higher among the male participants
lost for foliow-up (p=0.06), but smoking years and total amount of cigarettes
smoked were not significantly different in the compared groups. Smoking might
influence bone health in a negative direction, with a curnulative effect by age

{106), but smoking vears did not predict BMD changes in women (p= 0.163 and
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p=0.222 at the d:stal and ultradistal site respectively) and smoking status did not
predict BMD changes in men (p= 0.238 and p=0.051 at the distal and ultradistal
site respectively) in this material. We therefore assume that the resulis presented

in paper II are not seriously influenced by selection bias.

For the older age groups, 45 — 84 years, women lost for follow up were shorter,
had a greater BMI, were more often smokers, had a higher percentage perceiving
their own health as bad, and had a lower baseline BMD at both the distal and
ultradistal site. Men lost for follow up were shorter, weighing less, were more
often smokers and more often perceived their own health as bad compared to
those who participated in both studies. Baseline BMD at both the distal and
ultradistal site was zalso lower in participants lost for follow-up. As thoroughly
discussed in paper I, the differences between the two groups indicate that
participants lost for follow-up in general seem to be less heafthy or having less
healthy life-style than those who participated in both studies. 556 persons with a
mean age of 65.8 years, were either dead or had moved out town between the two
surveys. When these persons were excluded from the analyses, age, height,
weight, BMI and smoking years (women) were no longer significanily different
between the two groups, but baseline BME remained significantly different at
both sites. Bone health is a powerful predictor of general health status (107), and
despite high attendance rates, we must conclude that there is a possible “healthy™
selection bias in the material. Our bone loss rates might therefore be slightly
underestimated. As we have discussed in paper 1L, this tendency towards
“healthy” selection bias is also observed in other longitudinal studies within the

field of osteoporosis research (108, 109).



As part of the Tromse study, the Family Intervention Study (FIS) was an open
randormised trial aimed at improvement of the cardiovascular risk profile in male
subjects who either had a high total cholestero} or a low HDL to total cholesterol
ratio (110). In Tromse 1V, 328 male participants, being members of FIS, had their
BMD measured. In the presentation of our cross sectional data, these men were
excluded from the analysis as they were not viewed as representative of the
general population with respect to BMD level (70). In Tromse V, 251 of the FIS
cohort members had the BMD measurements repeated. Since their bone loss rates
did not differ significantly in comparison to the other men in the respective age
groups, we have not excluded the FIS-cohort members from the BMD change

analysis. Table 4 displays the bone loss rates in the respective age groups.

Table 4. Comparison of BMID changes {mg/cm?) in male participants categorized
as “FIS- members” and “non-FIS members™.

FIS-members, Non-FIS members, P-
Age BMD change (mg/em?) BMD change (mg/em?®) value
groups n  mglem*  95%CI n mglem?®  95%CI
40-44 5 -141 (-2.31,-051y 30 -0.73 (-1.25,-0.21y  0.15
45.50 113 -1.41 (-1.80,-1.02) 54  -1.62 (-2.36,-0.87)y 0.39
30-54 122 -1.60 (-1.98,-122) 62 -142 (-1.89,-0.96) 0.58
55-59 1 -2.40 604  -1.92 (-2.11,-1.73)

6.1.2. Information bias

Systematic error in a study can arise because the information collected about or
from the study subjects is erroneous (89). The SXA measurement of the distal
forearm is thought to be one of the most precise densitometric methods (113-1143,
and the low coefficient of variation (CV%) on our densitometers during their time
of function confirmed thai assertion (paper I). From the post hoc analysis (paper i)

we found that the AFP and the EFP predicted densitometer performances
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differently and since the EFP measurements reflected the differences seen in the
human material, we decided to use the EFP measurements in the final evaluation
of densitometer performance, which lead to an adjustment of minus 0.005 g/em?
of the measurement levels of “Adam — 94” and “Adam-01/1" (paper I). In the
NOREPOS study (paper I'V), we had the opportunity o evaluate densitometer
performance through human measurements from a wide range of BMD levels. As
the human measurements represent the gold standard, the performance of EFP and
AYP is compared directly with the human measarements. From the results we
concluded that EFP followed the human measurements, however tending to
overestimate the real densitometer differences. These findings indicated that the
correction based on the EFP probably represent an “over- adjusiment”. Table 5
displays the BMD change estimates in mg/cm? at the distai forearm sites,
unadjusted data and data adjusted on basis of the EFP measurements (paper I). In
addition, we display the BMD change estimates which are adjusted on basis of the
human measurements: minus 0.003 g/cm? of the measurement levels of “Adam —

947 and “Adam-01/1".
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Table 5, BMD change estimates in mg/em? at the distal forearm sites, data
adjusted based on EFP {paper I}, data adjusted based on human measurements and
unadjusted data, Tromse IV 1994-94 and Tromse V 2001,

Women Adjusted -0.005

N meg/em® {95%CD

Adjusted -0.003
mg/em? {95%CI)

Unadjusted mg/om?
{95%CT)
Age groups

25-29 36 0.44 (-0.2, 1.09) 0.32 (-0.3, 0.94) 0.14 (-0.47, 0.74)
30-34 75 0.38 {-0.05, 0.82) 0.29 (-0.14,0.72) 0.16 (-0.28, 0.59)
35-39 72 -0.18 (-0.61,0.26)  -0.25 (-0.68,0.18) -0.35 (-0.79, 0.08)
40-44 70 -0.31 (-0.81,0.19)  -0.40 (-0.89,0.09)  -0.54(-1.0%,-0.06)
45-49 82 -2.11(-2.72,-1.50) -2.18(-2.78,-1.58) -2.27 (-2.87,-1.68)
50-54 862 -3.35{-3.62,-3.07) -3.41(-3.68,-3.14) -3.51(-3.78,-3.24)
55-59 686  -3.14{-3.44,-2.85) -3.21(-3.50,-2.94) -3.32(-3.61,-3.02)
60-64 548 -2.89(-3.20,-2.59} -2.94(-3.25,-2.64) -3.02(-3.33,-2.77)
65-69 345 -3.18(-3.50,-2.85)  -3.25(-3.57,-2.93) -3.37 (-3.69, -3.05)
70-74 355 -2.94(-3.38,-2.51)  -3.00(-3.42,-2.57) -3.07 (-3.50, -2.6)
75+ 15 -549(-8.13,-2.85) -5.67(-8.34,-3.00) -5.94(-8.65,-3.23)
Total 3346  -2.88(-3.01,-2.75) -2.95(-3.08,-2.82) -3.05(-3.18,-2.92)
Men

25-29 24 0.91 (-0.05, 1.87) 0.88 (-0.09, 1.84} 0.83 (-0.16, 1.82)
30-34 29 0.17 (-0.47, 0.80) 0.10 (-0.56, 0.75)  -0.01 (-0.71, 0.68)
35-39 43 -0.78(-1.38,-0.18) -0.91{-1.58,-0.30) -1.11(-1.74,-0.48)
40-44 45 -0.96{-1.40,-0.51) -1.05(-1.51,-0.59) -1.19(-1.69,-0.69}
45-49 166 -1.49 (-1.84,-1.14) -1.55(-1.90,-1.19) -1.63 {-1.99,-1.26)
50-34 184 -154(-1.83,-1.25) -1.61(-1.91,-1.32) -1.72(-2.02,-1.42)
55-59 602 -1.92{-2.12,-1.73) -1.97(-2.16,-1.78) -2.04(-2.22,-1.84)
60-64 524 -2.70(-2.96,-2.43y  -2.75(-3.02,-2.49) -2.83(-3.10,-2.57)
65-69 393 -3.24 (-3.59, -2.89) -3.30(-3.6,-2.95)  -3.39(-3.74,-3.04)
T0-74 271 377 (-4.21,-3.34)  -3.85(-4.28,-341) -3.96(-4.40,-3.52)
75+ 10 -3.29(-5.84,-0.74)  -3.32(-5.79,-0.85) -3.37(-3.72,-1.02)
Total 2291 -2.39(-2.52,-227)  2.45(-2.58,-2.33) -2.54(-2.67,-2.42)

As reflected in Table 3, the unadjusted BMD change estimates report slightly

higher {but not significantly different) bone loss rates (from age group 35-39 and

30 — 34 in women and men respectively), than the adjusted data. The adjusted

BMD change estimates are therefore more conservative that the unadjusted. The

most conservative BMD change estimates are those based on EFP (paper 1, Tl and

I11), where the measurements from “Adam-94" and Adam-01/1" where reduced

by -0.005 g/em®. These estimates probably represent an underestimation of the
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real bone loss rates. Adjustments of “Adam-94” and Adam-01/1" with -0.003
gflem?, based on the human material reduced differences observed between
densitometer combinations iz paper I (from p>0.001 o p=0.865, ANOVA), and
most probably represent the “true” BMD changes. With this information bias, our
published BMD change estimates are probably slightly underestimated. But, the
differences in change estimates are neither statistically nor chnically significant
(the mean difference in annual BME change being less than 0.07 mg/cm?, or 0.01
percent points in both sexes), and do not have any significant influence on the

reported resulis.

In paper IT and Il we have classified women according to menstrual status and
use of hormone replacement therapy based on answers to questionnaires, There
might be some recall bias influencing the answers which might represent a

misclassification with some influence on the reported BMD changes in women,

aithough we believe that the effect is minor.

6.1.3. Summary interna] validity

This longitudinal population-based study has an overall high response rate,
indicating that the results arc generalisable to the majority of the subjects in the
source popuiation. The non-response in the younger population (ages 25-44) is
probably not related to changes in BMD, but non-response among the older
subjects may be due to health related issues which might influence bone loss rates.
With the densitometer adjustments we Lave made in this study, our reported bone
loss rates in both sexes, might therefore be slightly underestimarted, but with

effects we believe are neither statistically nor clinically significant,
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6.2. External validity

External validity refers 1o whether results that are found to be valid for the source
population also are generalisable to other populations, the question of
generalisability relying heavily on the source population being representative of

other populations.

The Tromse population does not differ substantiaily from the Norwegian
population at large with respect to age and sex distribution (30). The city is
situated at 69 degrees north, approximately 400 ki nozth if the Artic Circle. The
daylight exposure varies, and the high latitude strongly affects the amount and
intensity of UV-exposure available (115). The inhabitants of Tromsg each year
experience a “vitamin D winter” of approximately three months, with UV-
radiation below the stated threshold need for vitamin D production in the skin
(115). The essential role Vitamin D plays in maintaining & healthy mineralized
skeleton has long been acknowledged (118, 117). Sunlight causes the
photoproduction of vitamin D3 in the skin. Once formed, vitamin D3 is
metabolized sequentially in the liver and kidney to 1,25-dihydroxyvitamin D The
major biclogical function of 1,25-dihydroxyvitamin D is to keep the serum
caleium and phosphorus concentrations within the normal range to maintain
essential cellular functions and to promote mineralization of the skeleton ans
exposure 1o sunlight pravides most humans with their vitamin D requirement

(116).

With its location, it could be expected the population of Tromse having higher

bone loss rates, and the results from this longitudinal study therefore not being

37



representative of other populations. There are difficulties in comparing BMD
change rates between population, because of the use of different densitometer
techniques and different sorting between age groups; but as discussed in papaer
ITL, the loss rates in the age groups 45-84 observed in Tromss are not higher
compared to other cohorts (62-64, 67, 109, 118, 119). Qur findings of a small
bone loss starting in both sexes in mid-thirthies in the age groups 25-44 are
slightly in contrast to some studies reporting no loss in the comparable age groups
(120, 121), but in agreement with other researches (17). We therefore believe that
the BMD change rates from the distal and ultradistal forearm site in women and
men beween 25-84 observed in this study are generalisable to other populations. It
would however be interesting to do a direct comparison of BMD-loss rates with

other studies internationally.

6.3. Significance of results

Through this study we have learnt that quality assessment of densitometer
measurement levels preferably should be through in vivo cross-calibration. For
long-term stability antropomorphic phantoms of hydroxy-apatite represent more

valid tools than aluminium phantoms.

At the distal forearm sites, bone density continue to increase before it turns to a
small decline from the mid thirthies in both sexes. In men the rates of bone loss
increase with increasing age, whereas in women, the rate of loss is highest 1-3
years after menopause. Despite a high degree of tracking of BMD measurements,
thare are interindividual variations of bone loss rates within each age group, and

in both sexes.
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6.3.1. BMD changes and fypes of bone

With the forearm sites, we had the possibility of studying age related BMD
changes in cortical (distal site) as well as trabecular (uitradistal site) bonc (Figure
3). Tn contrast to what is generally believed (16), cottical bone loss started in both
sexes in the mid-thirties. In men, BMD loss became significant in the age group
35-39, thereafter it increased linearily with age so that the highest bone loss rates
were observed in the oldest age groups. In women, cortical BMD loss became
significant in the age group 45-49, doubled in the age group 50-54, whereafier

followed a “stable” period with high bone loss rates until old age.

As indicated in the Hiterature {16}, the observed changes display a slightly
different pattern in trabecular bone. In men, trabecular BMD loss started later than
cortical bone loss (became significant from the age group 45-49), therafter it
increased linearily by age with the same pattern as observed at the cortical site,
but with significantly smaller loss rates in all age groups. In women, the
significant increase in trabecular bone in the age group 25-29 tumned dramatically
to a significant decrease in from age group 45 — 50. The highest bone loss rates
were measured in the age group 50-54 { and 1-5 years after menopause), therafter
the loss rates actuaily slowed down. In summary, trabecular bone loss statts at the
same time as cortical loss in women, it follows the same change pattern, but it is
rore pronounced, sirongly influenced by the menopause-related estrogen

deficency (16-18, 20).
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Figure 5. BMD changes in women and men 25-74 years, the Tromse TV
{1994-95) and Tromsg V (2001} longitudinal studies.

6.3.2. BMD changes and bone strength

The results from this longitudinal study confirm findings from other longitudinal
studies that BMD continue to decline in both sexes throughout fe (66, 108, 109).
Comprising age groups from 25 years to old age, the results also demonstrate how
women lose bone at a higher rate than men from the age of 45. Women also lose
bone from lower baseline density, mean BMD level 0.482 and 0.377 g/fem? at the
distal and ultradistal sites respectively in women, 0.588 and 0.507 g/em?® in men,
in the age group 30-34. With the larger skeleton achieved during growth in men,

the results from this study displays why bone strength is better maintained
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throughout life in men compared to women, and why structural failure occurs less

in men than in women (18).

6.3.3. Area changes

As geomettical structure contribute significantly to bone strength, we have
analysed our data on area changes in both sexes from 25-84 years, the results as
annual arca changes in mm? are displayed in table 6. In men, the arca changes are
not significantly different from 0 in the age groups [5-44 years. After 45, there is
actually a significant area loss in men, with more or less the same picture
observed in women too. The changes are in both sexes not significantly explained
by age (p=0.73 in women, p=(.49 in men). Our findings of area loss, is in contrast
to what is generally believed, that periosteal apposition increases area by age (17)
and also confirmed in a longitudinal study of Ahlborg following 108
postmenopausal women over a period of 15 years, concluding that by six years
after menopause, BMD had decreased significantly, whereas the periosieal
diameter had increased significantly at the distal radius (122). Our findings are
however in concordance with Heaney (23} who followed 191 caucasian women,
aged 35 — 45 years, more than 20 years. They found that the cortical area of both
the metacarpals and radial shaft declined by age with a magnitude similar to cur
findings, whereas both femur shaft diameter and cortical arca increased modestly
and significantly with age. According to Heaney, these observed changes at the
upper extremity are small enough to be without much structural significance. The
greater expansion at femur of 3% over the span of the study, is however
considered as increasing the structural stiffness of femorat shaft, more than

change in mass would predict (23). In conclusion, at the distal forearm site of the
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non-deminant hand, we did not observe geometrical changes which possibly
could compensate loss of bone strength induced by loss of BMD.
Table 6. Annual area changes (mm?) in women and men 25.84 in the longitudinal

study, Tromse IV and Tromse V, 1994-95 — 2001, with 95 percent confidence
intervals (95% CI)

Women Men
Age Mean change 95% CI Mean change 95% CI
groups
25-25 -0.036 (-0.101, 0.028)  -0.052 (-0.144, 0.04)
30-34 -0.038 {-0.08, 0.005) -0.024 (-00.094, 0.046)
35-39 -0.053 (-0.101, -0.006) -0.042 (-0.111, 0.027)
40-44 -0.053 (-0.091, -0.015y -0.047 (-0.110, 0.016)
45-49 0.018 (-0.038,0.073)  -0.047 (-0.081, -0.014)
50-54 -0.031 (-0.049,-6.012) -0.049 (-0.079,-6.019}
55-59 -0.030 (-0.05, -0.01) -(1.050 {(-0.069,-0.031)
60-64 -0.045 (-0.067, -0.023) -0.052 (-0.073, -0.030}
65-69 -0.053 (-0.077,-0.029) -0.054 {(-0.08,-0.029)
70-74 -0.068 (-0.101, -0.035) -0.061 (-0.088, -0.035)
75+ -0.019 (-0.2006, 0.168)  -0.110 (-0.278, 0.057)
Total -0.040 (-0.05,-0.031)  -0.052 {(-0.062, -0.042)

6.3.4, BMD measures and fracture risk

The limitation of BMD in assessing bone strength and fracture risk, is recently
emphasized by Kanis (123) stating that BMD forms only one component of bone
strength and one component of fracture risk. The ability of bone mineral density
to predict fracture is comparable to the use of blood pressure to predict stroke, and
better than serum cholesterol to predict myocardial infarction (124-126).
Accuracy is improved by site-specific measurements, so that for forearm
fractures, the risk should ideally be measured at the forearm, and for hip fracture,
at the hip (123, 125). Measurements at any sites, predict any osteoporotic fracture
equally well, with a gradient of risk approximately 1.5 per standard deviation
decrease in bone mineral density (125). It should also be recognised that, just

because BMD is normal, there is no guarantee that fracture will not oceur (123)
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and most fractures indeed occur in persons without osteoporosis (127).
Conversely, if BMD is in the osteoporotic range, fractures are more likely, but
might not necessarily occur. The low sensitivily is one of the reasons why
widespread population base screening is not widely recornmended (127). Kanis
(123) suggests the following use of BMD measurements in the assessment of

fracture risk:

Assessment of fracture probability based solely on clinical risk factors. This is
supposed to identify three groups of individuals:
i. Individuais at very high risk of fracture, a BMD test would not alter their
classification. These patients can be offered treatment irrespective of
BMD. In practice, BMD might be measured so that response to treatment
can be monitored (Although there is a poor correlation between increases
in BMD seen with anti-resorptive reatment and the degree to which these
drugs reduce the risk of fractures (128)).
2. Individuals at very low probability of osteoporotic fractures, a BMD fest
would not alter their classification.
3. Anintermediate group are those in whom fracture probability is close to
an intervention threshold where the probability is high that a BMD test

might re-categorise individuals at high to low risk, or vice versa.

One of the main findings of our longitudinal study is that the degree of tracking of
BMD measurerments is high (paper IT and I¥). There is thus a high correlation
between baseline and follow-up BMD measure even after more than six years, and

most persons keep their quartile position according to the population distribution

43



of BMD levels. One BMD measure therefore expresses a persen’s BMD level
well. Repeated BMD measurements should rarely be regarded necessary. Based
on these considerations, we are very supportive of the restrictive use of BMD

measures, as suggested by Kanis (123).

7.0. Concluding remarks and further perspectives

Despite its limitations both in explaining bone strength and in prediction of firture
fracture, the diagnosis of osteoporosis still depends on the measurements of bone
mineral density. TROST has, through the Tromse study, Tromse IV and V, gained
repeated BMD forearm measurements from a population based sample comprising
both sexes. We have therefore been able to describe changes in BMD and its
variation from young adulthood into old age. We have also been able to evaiuate
densitometer performance and we have made a contribution into the research on

quality assessment in studies using bone densitometry.

Further research based on these data from TROST, are warranted. In Tromse V,
TROST had BMD measured at the total hip in 4938 persons. In the forthcoming
Tromse VI repeated measurements are planned for. This will provide opportunity
to describe BMD changes at the hip, where the most serious osteoporotic fractures
accur. In addition to BMD change data, fractures in the respective population are
registered from 2001 to July 2005. We have the opportunity to assess the
association between fracture risk and rate of bone loss, independent of BMD
level. The rate of lifetime bone loss has not yet been estimated based on “hard
data”. On the longitudinal TROST data the lifetime bone loss and it variation can

be studied. Furthermore, with information on lifestyle variables from Tromse IV



and V, we also have the opportunity to assess the association between different
lifestyles, and changes in life style and the life time bone loss. Firm knowledge of
possible associations can help (o develop well documented bone loss and thereby

fracture preventive strategies.
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Abstract Determination of change in bone mineral
density (BMD) requires high-precision densitometry
techniques. The purpose of the study is to investigate to
what degree different densitometer phantoms reflect
observed changes in human BMD and to investigate to
what degree fluctuations in densitometers’ measurement
level influence bone loss estimates. Densitometer influ-
ence was assessed using the aluminum forearm phantom
(AFP) provided by the manufacturer, the European
forearm phantom (EFP) of semi-anthropomorphic cal-
cium-hydroxyapatite, and repeated population mea-
surements on different densitometer combinations. The
mean follow-up time was 6.4 years (SD 0.6). Measured
population bone loss varied from 4.6%/year to 3.2%)/
year, depending on densitometer combinations. These
variations could not be explained by differences in sex,
age, height, weight and baseline BMD. They were pre-
dicted by EFP measurements, but not AFP measure-
ments. The EFP measurements indicate that X-ray tube
replacement changed the densitometers’ measurement
level in one of three instances, whereas “wear and tear”
did not. We used the EFP data for adjustment of the
densitometers’ measurement levels. After adjustment,
the overall crude bone loss was reduced from 4.14% to
3.92%. Mean annual loss was reduced from 0.64% or
0.61%. We conclude that densitometer performance
might influence the accuracy of bone loss estimates.
Changes in performance are not detected by aluminum
phantoms. Quality control of BMD measurements in
longitudinal studies should be performed with anthro-
pomorphic calcium-hydroxyapatite phantoms in order
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to detect possible differences between the participating
densitometers’ measurement levels.

Keywords Bone mineral density - Quality assessment -
Population-based - Tromso study

Introduction

Peak bone mass and postmenopausal and age-related
bone loss determine the likelihood of developing clinical
osteoporosis [1]. To accurately delineate differences and
determinants of bone loss, a large sample must be fol-
lowed over time [2]. Determination of bone mass change
requires densitometry techniques with high precision [3-
6]. The ultimate goal is to verify that observed change in
measured bone density is real and not due to densi-
tometer drift or fluctuation [7, 8].

Peripheral bone mineral density (BMD) measurement
is associated with fracture risk at peripheral and central
sites [9-12], and single X-ray absorptiometry (SXA) is a
relevant tool for monitoring BMD changes due to high
pracision, ease of use, low radiation doses and moderate
ccst [13-18]. Baseline and follow-up examinations
skould be acquired on the same make and model [19].

linically relevant differences may occur even among
devices from the same manufacturer [20], or after
maintenance or upgrade [7, 21]. Quality control and
calibration are performed using phantoms, which more
or less resemble normal anatomy [20]. Phantoms of
calcium hydroxyapatite in tissue-equivalent plastic most
closely mimic human bone and soft tissue [7].

By the use of an anthropomorphic spine phantom,
Orwoll et al. found a minor, but significant, drift in
several DXA densitometers used in a longitudinal study
[22]. They concluded that densitometer performance was
most frequently affected by discrete “step” alterations
that often could be explained in light of events described
in the research protocol [22]. In our 6-year longitudinal
study, using two SXA devices, breakdowns have oc-
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curred that required both X-ray tube and total densi-
tometer replacement. This could influence the densi-
tometers’ measurement level and estimated individual
changes in BMD, We have investigated how two dif-
ferent 1ypes of phantoms, the aluminum forearm phan-
tom (AFP) provided by the manufacturer and the semi-
anthropomorphic European forearm phantom (EFP),
predict densitometer performance.
The purpose of the present study is therefore:

— To investigate to what degree two different densi-
tometer phantoms reflect observed changes in hu-
man BMD

— To investigate to what degree fluctuations in densi-
tometer measurement level ifluence estimates of
bone loss

Materials and metheds
Human measurements

The Tromse Osteoporosis Study {TROST) is part of the
Tromsg study, a longitudinal population-based multi-
purpose study focusing on lifestyle- related diseases. The
first Tromse study (Tromse 1) took place in 1974 and
the fifth survey in 2061 (Tromsg V). In 1994 (Tromss
IV) 10,213 persons were invited for an extended exami-
nation including a bone mineral density measurement on
7,938 subjects (4,552 women and 3,386 men) from 25—
84 years {attendance rate 78%) [23]. In 2001, 7,386 of
these still living in Tromse were invited for a reexami-
nation. Of the invited, 3,771 subjects (3,427 women and
2,344 men), 78%, attended {57% of the originally in-
vited population m 1994).

Bone densitometry was performed on the distal
forearm (radius and ulpa from the 3-mm point and
24 mm proximally} using two SXA devices (DTX-100;
Osteometer MediTech, Hawthorne, CA, USA). Partici-
pants were allocated to the two densitometers dependant

on accessibility. The same protocol was used in both
studies. Only measurements from the distal site are
presented in this study, as the ultradistal measurements
followed the same pattern. All scans were reviewed and
reanalyzed according to a rigorous quality-control pro-
tocot {24]. This led 136 distal scans to be excluded from
the baseline and three distal scans from the follow-up
study. Reasons for exclusion of invalid scans were
mainly serious movement artifacts [24]. After exclusion
of invalid scans 5,637 people (3,346 women and 2,291
men} remained with valid repeated measurements at the
distal forearm site. Mean follow-up time was 6.4 years
(SD 0.6). Informed consent was obtained prior to both
examinations. The regional committee of research ethics
recommended, and the Norwegian Data Inspectorate
approved the study.

The timeline of the study is shown in Table 1. In
Tromse IV two densitometers, nicknamed “Adam-94”
and “Eva-947, were used {Table 1). The densitometers
were used in other studies before the start of Tromse V.
When Tromse V was about to start in March 2001, Eva-
94 had a breakdown and was replaced by a new DTX-
100 device from the supplier, “Henry-Gi/1.” Three
months into the Tromse V survey, in June 2001, the X-
ray tube had to be replaced, and it was renamed “Henry-
01/27. In September 2001, 6 months into the Tromse V
survey, the Adam-94 X-ray tube also had to be replaced.
Consequently, when used in the 2001 survey, Adam-94
was named “Adam-01/1" and “Adam-01/2" (Table 1)
Because of these events, the densitometers participating
in both studies are classified as six separate units, with
two umnits from Tromse IV and four units from Tromse
V.

Starting Tromse IV, Eva-94 and Adam-94 were
cross-calibrated in vivo to the same measurement level
with support from the manufactuzer, and the devices
had an equal measurement level as evaluated by the
AFP at the time. During Tromse [V, we also performed
an in vitro precision study [16]. This study indicated a
systematic difference between the two densitometers”
measurement levels, and this data led 1o adjustment of

Table 1 General view of the course of the longitudinal study from 1994 to 2002. TROST (Tromse Osteeporosis Study, AFP aluminum
forcarm phantom, EFP European forcarm phantom,BMD bone mincral density)

19941995 19997 2001-2002°

Human Human
Densitometers® BMD AFP EFP BMD AFP EEP
Adam-94 n =2,669 n =405 n =44
Eva-94 n =2968 n =417 n =73
Adam-0171° no=1454 n=%2 n =66
Adam-01/2° A = 1379 2 =93 n =87
Henry-01/1° n =383 n = n =27
Henry-0172¢ n o=2,021 n =62 n =140

“Tromso IV 19941995
“Europsan forcarr phantom (EFP) becamce available
“Tromss V 2001 - 2002

*Age and sex distribution is not significantly different on the different machines

*Before X-ray tube replacement
®After X-ray labe replacement



our teported bascline cross-sectional data [23], since
Adam-94 measured at 2 higher level than Eva-04.

Aluminium forcarm phantom (AFP)

In Tromse IV. measurements were performed on both
densitometers once or twice daily with the aluminum
forearm phantom provided by the manufacturer {Ta-
ble 1. In Tromse V, measurements were performed
once dally with the same aluminum forearm phantom.
Stability was regarded as adequate if phantom mea-
surements were within £ 1.5% limits of the calibration
value on both densitometers. No correction of stability
was required during the time of function of any of the six
units. The measurementis from Henry-G1/1 and Henry-
01/2 were from the last 3 months of the study only.
unfortunately, due to loss of backup data.

European forcarm phantom (EFP) (QRM-Germany)

In 1999 the recently developed European forearm
phantom (EFP} (QRM-Germany) was purchased [25-
27}, a semi-anthropomorphic phantom, comprising three
hydroxyapatite bone imitations with different densities
within the human range, 0.662 giom® at the highest
density level, 0.415 g;‘cm2 at the mid-density level and
0.314 glom® at the lowest density level. Several EFP
measurements were performed on the two machines
before they were used in other studies {Table 1).
Throughout Tromse V. we continued the EFP mea-
surements reguiarly. All EFP scans were analyzed by the
same two peopie according to protoco! using the special
calculation option in the densitometer’s software.

Statistical analysis
Bone loss was estimated by calculating the BMD dif-

ferences between Tromse V and Tromse IV, This esti-
mate was divided by cach participant’s follow-up time to
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calculate bone loss rates. Bone loss rates in different
densitometer combinations were compared by one-way
analysis of variance (ANOVA) with post hoc pairwise
compatisons, applving the Bonferroni correction. Chi-
square testing and one-way ANOVA were used to
comparc the sex and age distribution, height, weight,
body mass index (BMI), baseline BMD and the mean
phantom measurement level between densitometers.
Internal variation within each densitometer was ex-
pressed as coefficient of variance. In addition, internal
variation was studied by dividing the EFP measurements
of each of the six densitometers arbitrarily info sub-
groups corresponding to periods of 2-3 months, com-
paring these by one-way ANOVA. In the final
presentation of BMD change in humans (Table 2), the
Adam-94 and Adam-01/1 measurements are adjusted on
the basis of the mean difference between these two
densitometers and the other four measured by EFP. A p
value less than 6.05 is regarded as statistically significant.
All statistical analyses were performed using SPSS
softwarce, version 11.

Results
Human measurements

Bone loss in humans according to cight possibie densi-
tometer combinations are displayed in Table 2. Indi-
viduals measured on the different densitometer
combinations do not differ significantly with regard to
sex {p =0.469), age {p =0.276), height (p =0.069),
weight {p = 0.069) and bascline BMD (p =0.848), but
do with regard w0 BMI (p =0.039). Overall mean crude
bone loss is 0.0185 gfem” or 4.14%. Mean annual loss,
which “adjusts™ for difference in mean time between
studies, is 0.003 gicm” or 0.64%. Bone loss is equal to or
higher than the mean in all combinations comprising
Adam-94, and smaller than the mean in ali combinations
comprising Eva-94 (Table 2. Mean bone loss is signifi-
cantly different when comparing densitometer combi-
nations (p<0.001), also when adjusting for BMIL.

Table 2 Bone loss cstimates in the longitudinal stady, not adjusted and adjusted data. (TROST Tromse Osicoperosis Study), 1994-95 and

2001
Drensitomciercombinations n Not adjusted data, mean loss Adjusted data, mecan loss
glem? SD % Sp afcm sSD % D

Adam-94/Adam-01/1 683 {0187 (0.02) —-4.17 {5.4) -0.0187 (0.02) ~4.22 (5.5}
Adam-%4;Adam-012 771 -{.0213 (0.02) —4.80 {3.3) -0.0163 (0.02} ~3.73 (5.4}
Adam-94/Henry-01/1 283 -(.0180 (0.02} ~4.20 {3.3 ~{.014G 0.02) ~3.14 (5.4)
Adam-94/Henry-01,2 930 ~-0.0208 (0.02) 4 58 (6.2} ~0.0158 {0.03) -3.5G (6.3)
Eva-94/Adam-01/1 769 -0.0145 (0.02) ~3.25 {5.3) -0.0195 (0.02) —4.33 (5.3
Eva-94/Adam-01/2 808 -(3.0178 {0.02) —4.00 {3.3) -0.0178 (0.02) -4.00 (5.4)
Eva-94/Henryv-01/1 300 -0.0177 (0.02} —4.06 {5.4) -0.0177 (0.02) ~4.06 (5.4
Eva-94;/Henry-01,2 1.091 -(.0177 (0.02) —4.04 {5.8) ~0.0177 (0.02) -4.04 (5.8)
Total mean 5.8%7 EIER {0.02) ~4.14 {5.0) ~0.0174 (.02) -3.92 {5.6)
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Aluminium forearm phantom (AFP)

AFP measurements {Table 3 and Fig. 1) indicate that the
mean bone density level varies between the different
densitometers, with a range from 0.392 g/om? in Bva-94
10 9.396 g/iem” in Henry-01/2 {p<0.001}, the only den-
sitometers that are not significantly different are Adam-
01/1 and Adam-CG1/2, Therefore, according to AFP, X-
ray-tube replacement does not change the densitometers’
measurement levels, while long-term drift does { Adam-94
compared with Adam-01/1}. The CV% is below 0.8% on
the densitometers used in Tromss [V, and below 0.3% on
the ones used in Tromse V. From the AFP measure-
ments, we would expect the estimates of bone loss in
humans to be smallest in combinations comprising
Henry-01/2. We would zlso expect the combinations
Eva-94/Adam-01/1 and Eva-94/Adam-01/2 to be equal
{Table 2). This pattern s not seen in the human material
{Table 2 and Fig. 2). Differences in bone loss observed in
humans are thus not reflected in the AFP measurements.

European forearm phantom (EFP) (QRM-Germany)

The EFP measurements {Table 4 and Fig. 1) indicate
that the mean bone density level varies on the different
densitometers. At the highest density level, the range of
variation between the densitometers is 0.011 giem”, at
the mid-density level 0.007 gjcmz, and at the lowest
density level 0.006 giem?®. The CV% varies from 9.2% 10
1.7% {mean 0.9%) depending on density level, At all
density levels, Adam-%4 and Adam-01;/1 measure sig-
nificantly higher than the other densitometers. Henry-
01/2 measures the lowest values, but only statistically
significantly different from Adam-94 and Adam-01/1.
The mean difference between Adam-94 and Adam-01/1
and the other densitometers is 0,005 gjem®.

There are thus differences between the densitometers’
measurement levels. Adam-94 measures higher than
Eva-94. From this, we would expect the highest bone

loss estimates in the hwman material 1o be seen in Adam-
94 combined either with Adam-01/2, Henry-01/1 or
Henry-01/2 and the smallest estimate to be seen in the
combination Eva-94 and Adam-01/1. This is actually the
patiern seen in the human material (Table 2 and Fig. 2).
From this we conclude that the EFP measurements re-
flect the differences in bone Joss observed in the human
material.

For further study of internal variation, the EFP
measurements are also used to compare different time
veriods within each densitometer. There are no signifi-
cant differences in level of measurement when the three
periods of Adam-01/1 are compared or when the three
pericds of Adam-0}/2 are compared with each other.
Adam-94 is also not significantly different in level of
measurement compared with any of the ime periods of
Adam-01/1. There are no significant differences i level of
measurement between the five time periods of Henry-01/
2, except at the low BMD level between two of the time
periods. Eva-94 and Henry-01/1 are also not significantly
different iz level of measurement from any of the time
periods of Henry-01/2, except at the fow BMD level be-
tween two of the time periods. From these EFP mea-
surements, we conclude that each densitometer is stable
and does not vary according to measurement level during
its specific time of function. This is illustrated in Fig. 3
with EFP measurements from the high density level.

Human measurements after adjustments

Since EFP measurements predicted the differences ob-
served in the human material, we adjusted the mea-
surement level of Adam-94 and Adam-01/1 by the mean
0.005 gfem?®  difference (Table 2). Mean bone loss
throughout the study period is reduced from —0.0185 g/
em” to -0.06174 giem® or from —4.14% 1o ~3.92%.
Mean annual loss is reduced from —0.00283 g,!cm2 w0
~0.0026% gfem®, or from ~0.64% 1o —0.61%. The vari-
ation between the densitometer combinations is still

Table 3 Aluminum forcarm phantom measurements from the different deasitometers in the longitudinal study, TROST (Tromse Oste-

oporosis Study), 199493 and 2001

Densitometers E Mean

glem? D CV%
Adam-94 403 0.393 0.003 0.76
Eva-94 417 0.392 0.003 0.77
Adam-01/1 92 0.394 0.006 1.3
Adam-0172 92 0.394 0.001 0.23
Henry-01,2 62 0.396 (3.001 0.25
Pairwise differences’ Eva-94 Adam-0171 Adam-0172 Henry-01/2

p value p value P value p value

Adam-94 0.001 0.002 $.00! 0.001
Eva-94 0.001 0.001 0.001
Adam-01/1 1.000 0.001
Adam-01/2 0,004

“The densitometers compared, p value
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Fig. 1 Mcasurcments based on aluminium forcarm phantom (AFP)
and European forcarm phantom (EFF)

significant {p<0,001) for annual bone loss (g/cm” and
%), also when adjusting for BMI (p = 0,005}, But the
range of variation is reduced, from 0.067 to 0.005 g/em?
for total bone loss and from 1.6 fo 1.2 for total bone loss
Y.

Biscussion

in this longitudinal study we found that estimates of
bone loss were influenced by differences in the densi-
tometers’ measurement level. Differences seen in the
population maierial were predicted by the measurements
of the EFP, and not by the AFP.

1601

One of the sirengths of this study is that phantom
measurements can be compared with measured BMD
change in a large population sample. The participants
were allocated to the densitometers dependant on ma-
chine availability, not through randomizing procedures.
However, as the participants’ age, sex, height, weight
and baseline BMD distribution were not significantly
different when the different densitometer combinations
were compared, we assumed that estimates of bone loss
should be approximately the same in the different den-
sitometer combinations.

One of the limitations of the study is that we do not
have aluminum phantom measurements on Henry-01/1.
However, since these measurements were stable (CV
0.25%) throughout the last part of the study (Henry-01/
2), we think that this would not change our estimates.
Another limitation is that the EFP became available
only in 1999, 4 vears after the completion of Tromse IV.
The densitometers from Tromse IV had hardly been
used in the period between 1995 and 1599, After 1999,
the densitometers were used in other studies; several
measurements were performed, and the densitometers
were transported. Because of this, the time span between
1999 and 2001 was the most vulnerable period for the
densitometers. The difference seen between Adam-94
and Eva-94 in 1999 also corresponds to the differences
seen in the in vitro precision study that was performed
during Tromse TV [16]. Adam-94 and Adam-01/1 are
also comparable-—whereas Adam-01/2 is not—indicat-
ing that it is not wear and iear, but the change of X-ray
tube that introduces the change in performance. We

0,012

-0,008

Adamos-
Henryli/ 2

Adam4-
HenryQ1/ 1

Adam4-
AdamOi/ 2

Adamas-
Adam0t 1

Evag4s-
Adamdi/ 1

Evagd-
Henry01/ 2

Evad4-
Adamoi/ 2

Evald-
HearyD1/ 1

Fig. 2 Mcasurcments in human material compared with aluminium forcarm phantom {4FF) and Europcan forcarm phantom {EFP). EFP
measurements reflect the differences in bone loss obscrved in the human material
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Table 4 Europcan forearm phantom {£/P) measurements from the different densizometers in the longitudinal study. TROST (Tromse

Osteoporosis Study, BMD bone mincral density}, 199495 and 2041

Densitometers High BMD Mid BMD Low BMD
mean mean mean
n giem® SD CV% 1 giem? SD CV% n giem® SD CV%

Adare-94 13 0.634 0.004 0.6 13 0.397 0.003 0.8 fs 0.289 {.005 1.7
Eva-94 25 0.623 0.007 1.1 24 0.391 0.003 1.3 24 0.286 4003 LG
Adam-0171 22 0.632 (.003 0.3 22 0.394 0.003 0.8 22 0.287 3.003 [
Adam-01/2 29 0.626 G.001 0.2 29 0.390 (0.003 04 29 0.285 G.003 L1
Henry-01-1 9 0.625 0063 0.5 9 $.392 ¢.002 0.5 9 0.285 0.003 1.1
Henry-01-2 46 0.623 0.006 1.0 47 0.390 0.004 1.0 7 0.282 00064 1.4

'Densitometers compared, p value

therefore think that the measurements from 1999 are
representative of the measurement leve] in Tromse IV,
but we might have missed some long-term densitometer
drift.

After 6 years’ use, cenfral elements of both the ori-
ginal densitometers had to be replaced. We do not be-
lieve our densitometers 1o be of lesser quality than other
densitometry devices, regardless of model or manufac-
turer. What we have observed in our study might apply
to any other device used in longitudinal studies, and as
such, be of relevance for devices of any make and model.

We have assumed that the phantoms themselves do
not change over time. This might be a possible infor-
mation bias. Phantoms are, however, regarded to be
stable at any point in time {28].

When comparing the various densitometer combina-
tions, we found that differences in bone loss estimates
were predicted by the EFP measurements, making them
the appropriate reference for adjustment of the BMD
levels in the population. In this study we used the mean
diffierence for all the three BMD-levels of the EFP as
basis for adjustments. Another option would be to do
the adjustments according to BMD level by regression
estimates, as we pave reported earlier on our cross-sec-
tional data [16, 23]. However, the BMD differences seen
between the machines in the Tromse IV human study
were not dependan: on BMD level. Furthermore, we
found that the use of linear regression estimates intro-

0,64
0,636 - frmrgr g
0,63 T

R §
0,62

0,615
0,61
0,605
0.6 . . : . - .

[——Adam® ~s-Eva-Henry']

Fig. 3 Bascd on Europzan forearm phantom (EFP) measurcments
from the high density lovel, we conclude that each densitometer is
stable and does not vary according 1o measurement level during its
specific tme of function

duced a greater varation m adjusted values of the
population material than the mean difference.

After adjustment, the mean 101al bone loss was re-
duced from 4.13% to 3.93% in 6 years. As the l-year
bone loss rate can be estimated to be approximately 1%
after mencpause in women {4, 3}, our initial apparenily
small overestimation could be argued 1o be of little
clinical relevance, and by epidemiological standards the
error of cur BMD change measurements is small.
Heowever, the adjustment can affect results, especially in
subgroups where we would not expect bone loss, such as
young women and men. The uncorrected densitometer
differences could report 2 false bone loss in these groups.
An overestimation of bone loss might also introduce
bias when defining the age of peak bone mass and the
commencement of bone loss. When measurement of
BMD is used to monitor freatment progress, the accu-
racy of the measured bone change is also of ultimate
imporance.

This study highlights the importance of careful
assessment of densitometer performance during longi-
tudinal studies. Changes in densitometer performance
might influence the accuracy of bone loss estimates.
Important differences between densitometers and chan-
ges in densitometer performance might not be detected
by aluminum phantoms. Further studies are needed to
evaluate how different phantoms mimic human bone
density. Based on the experiences from this study, we
propose the following recommendations for guality
conirol of BMD measurements in longitudinal studies:

- Different devices of the same manufacturer {even the
same model} give different results. Therefore, even
when follow-up of patients in longitudinal studies is
performed on the same device, its long term stability
should be documented
Different phantoms give different resuits. The esti-
mates of densitometer BMD level differed signifi-
cantly between AFP and EFP, both in direction and
magnitude
~ In vivo and in vitro results are different, Semi-
anthropomorphic phanioms reflect in vivo results in
a better way than aluminum phantoms. Therefore,
during study periods, daily measurements should be



performed with an anthropomorphic phantom of
calcium hydroxyzpatite in tissue-equivalent plastic
Repeated phantom measurernents should be used to
evaluate possible differences between the partici-
pating densitomsters’ measurement levels. Events
that may interfere with densitometer function
(transportation, X-ray tube replacement or any
maintenance) should be carefully monitored.
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The aim of this study was 1o describe and compare bone mineral density (BMD) development in Norwegian
women and men aged 25—44 years in a population-based, lengitudinal study. BMD was measured {wice at distal
and ultradistal forearm sites by single x-ray absorptiometry in 258 women and 147 men (mean follow-up time, 6.4
(standard deviation, 0.6) years). At the distal site, a smali annual gain of approximately 0.1% became a smali loss
beginning at age 34 years in men and age 36 years in women. Atthe uliradistal site, BMD change was predicted by
age in wornen only, and bone loss started at age 38 years. A high degree of tracking of BMD measurements was
observed for both sexes and beth sites, r> 0.93. Depending on total BMD change, participants were grouped into
“losers,” “nonlosers,” and “gainers,” and more than 6% lost more than the smallest detectable amount of BMD:
>3.46% at the distal site and »5.14% at the uliradistal site. In both sexas, bone mineral content (grams) decreased,
whereas area {centimeters squarad) increased significantly in “losers” compared with “"gainers.” This finding might
represent physiologic compensation preserving bone strength, No cohert effects were observed when 1694 and
2001 measures from similar age groups were compared.

tone density; bone develepment; densitometry; follow-up studies; forearry; longitudinal studies; men; women

Abbreviations: BMAD, bone mineral apparent density; BMC, bone mineral content; BMD, bone mineral density.

Osteoporotic fractures are 2 major health problem, with
substantial morbidity and costs (1, 2}. The cause of fracture
is complex, but bone fragility is an important contributor to
fracture risk {3). Bone mineral density (BMD) is a good
surrogatc mcasure of bome strength, predicting 60-70
percent of its variation {(4), A strong relation between
BMD level and the probability of fracture has been docu-
meated (5). Although fracture risk is best predicted by BMD
measurements from the same anatomic site, no site is
superior with respect 1o predicting all types of fragility
fracture (5). Single x-ray absorptiometry of the distal fore-
arm is thought to be onc of the most precise densitometric
methods (6~9), and peripheral BMD measurements can be
used to assess fracture risk at both peripheral and ceniral
sites (3, 10, 11).

BMD in the elderly is a function of the amount of bone
gained during growth and the amousnt of bone lost during
aging (12, 13). As such, both peak BMD and subsequent
bone loss. as a result of decreasing bone mass and develop-
ment of microarchitectural abnormalities and microdamage,
are important determinants of the risk of osteoporotic frac-
ture later in life (14-17). Although a period of stability after
completion of growth is generally assumed, bone less prob-
ably begins when growth ceases (18) and might therefore
start during the early adult years in both women and men.
The ages at which peak bone values are reached, premeno-
pausal bone loss occurs in women, and bone loss occurs in
voung men have not yet been determined with certainty
{19-22). The associations among change in BMD (in grams
per centimeter squared), area (inz centimcters squared), and
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bone mineral content (BMC} (in grams) in young women
and men are not clear either (23).

Longitudinal studies on BMD changes duriag the third to
fifth decades of life in women (24-37) exist, but only those
of Sowers ct &l. (27, 29), Guthrie et al. {30), Chapurlat et al.
{31), Meclon et al, (32), and Bainbridge et al, (36) arc
population based. Some longitudinal studies on BMD
changes in young males have been published (28, 34, 38—
40); only the study of Khosla et al. {(39) is population
based. Longitudinal studies including borh sexes are scarce
and are based on healthy volunteers (28, 34). Because stud-
ies based on selected populations may be subject to selec-
tion bias (41), their accuracy might be questioned (20).
Development of bone mass in the age group 2544 years
therefore has not been investigated sufficiestly. In this
age group, tracking and cohort effects have, to our knowl-
edge, not been studied. The aim of the present stedy was to
describe, compare, and explore aspects of BMD develop-
ment i men and wormen aged 25-44 years in a population-
based longitudinal study through the following research
questions:

» How does BMD develop in a general population between

ages 25 and 44 years?

Is BMD developmest similar in the two sexes?

« How well does initial BMD predict BMD> at follow-up
after 6 years?

o Can any cchort effects be seen before middie age?

MATERIALS AND METHODS
Study design and subjects

The Fromsg Osteoporosis Study {TROST) is part of the
Tromsg study, a longitudinal, population-based, multipur-
pose study focusing on ifestyle-related diseases (42}, The
Tromsg study was initiated in 1974, with surveys repeated in
1979-1980, 1986-1987, 1994-1995, aad 2001. In 1994
(Tromsg TV}, the Tromsg Osteoporosis Study measured
bone density in §37 subjects {396 women and 241 men)
aged 23-44 years. These numbers corresponded to 64 per-
cent of the women and 56 perceat of the men invited to
participate (43). Is 2001 (Tromsg V), 631 of the subjects
still living in Tromsg were invited tor 2 reexamination. Bone
densitometry was performed on 405 subjects (258 women
and i47 men)-—63 percent of the invited women and 60
percent of the invited men. The follow-up examination in-
cluded 42 percent of the women and 34 percent of the men
originally invited in 1994. After we excluded invalid scans,
233 repeated measurements at both sites in women and 141
and 142 repeated measurements at the distal and ultradistal
sites, respectively, in men remained. Mean age at baseline
was 36 (standard deviation, 5.3) years for participating
women and 36.5 (standard deviation, 3.8) years for partici-
pating men. Mean follow-up time was 6.4 (standard devia-
tion, (.6} years.

Informed consent was obtained prior to both examina-
tions. The regional Committee of Research Ethics and the
Norwegian Data Inspectorate approved the study.

Measuremenis

Bone densitometry was performed at both surveys at the
distal and uitradisial forearm sites with two single x-ray ab-
sorptiometry devices (DTX-100; Osicometer MediTech,
Inc., Hawthorne, California). The distal site includes both
the radius and ulna from the 8-mm point {the point at which
the ulna and radius are separated by 8 mm} and 24 mm
proximally. The ultradistal site includes only the radius and
stretches from the 8-mm point up to the radial endplate. The
nondominant arm was measured except when it was consid-
ered ineligible because of wounds, plaster casts, and so on.

Starting at the second survey, one of the two densitome-
ters underwent a major repair. Later, the x-ray tube had to be
replaced in both densitometers. Quality control routines, in
which the European Forearm Phantom (QRM GmbH,
Meochrendorf, Germany) was used, revealed that one of the
machines measuzed at a higher BMD level before the x-ta
tube was replaced, the mean difference being 0.003 g/lom™.
The European Forearm Phantom data were used to adjust
the differences 1n densitoreter measurement level. The in-
ternal variation in each machine studied by using the co-
efficient of vanation (coefficient of variation percent =
standard deviation/mean X 100} and by comparing the
European Forezrm Phantom measurement fevel during dif-
ferent time periods was satisfactory, with a mean coefficient
of variation of 0.9 percent (44).

The same protocol was used in both studies. Quality
conitrol with respect to precision and correction of artifacts
in Tromsg IV has been reported previously (9, 45). Four
trained technicians, one of whom also conducted the Tromsg
IV analysis, reanalyzed the scans from Tromse V. To test for
reliability, we obtained three intra-tests (each technician
compared with himself or herself) and three inter-tests (each
technician compared with the other technicians). Each pair
of technicians reviewed a minimum of 27 and a maximum of
127 stmtlar scans. We missed one intra- and inter-test possi-
bility for one technician reviewing 19 of the scans included in
this study. At the distal site, there were no significant differ-
ences with respect to BMD between the technicians in either
intra- or inter-testing. At the ultradistal site, however, there
were significant differences in BMD between the technicians
in two of the three intra- and two of the three inter-tests. From
these tests, we conld determine that the measurements of one
technician, who reviewed 245 scans, were approximately
0.061 g;’c:m2 lower than those of the others. This difference
would entail an effect of less than 1 percent on the annual
bone loss estimates (In grams per centimeter sguared) and
reduce the percentage change estimates by 0.02 percentage
points. We compared annual change estimates {in grams per
centimeter squared), and they were not technician influ-
enced, p > 0.29, at any sites (analysis of variance). We there-
fore decided not to correct the data.

Other measurements
Height and weight were measured, using 2 fenix DS-102
stadiometer {Dong Sahn Jenix Co., Lid., Seoul, Korea), to

the nearest centimeter and half kilogram, respectively; study
participants wore light clothing without shoes. Conditions
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TABLE 1. Comparison of participants lost to follow-up {participating in Tromse IV only) with those who participated in both the
Tromsg IV {1994-1895) and Tremse V (2001) lorgitudinal studies, Norway

Tromse [V only

Tromse IV and Tramss V

Baseline characlerisic 000 e s e pvalue
No. Mean s No. Mean sD
Women
Age (years) 138 32 4.9 256 36 5.3 0.001
Height (cmy) 138 166 6.2 258 165 &.6 {.15
Weight (kg) 138 65 1.2 255 65 10.9 0.79
Body mass index (Kg/m?) 138 24 3.7 255 24 3.7 0.65
Current smoker {%6) 138 41 256 45 0.44
Sroking pack-years (ho.) 81 14 6.3 166 15 8.5 0.03
Self-perceived health “good” (%) 138 80 256 86 0.10
Physical aclivity: sedate (%) 137 12 253 18 .28
Physical activity: moderate (%] 24 26
Prysical activity: active (%) 84 56
Calcium intake {mg) 118 808 353 226 749 277 0.09
Baseline distal BMD* (g/cmz} 136 0.473 0.036 253 0.472 0.047 0.84
Baseline ultradistai BMD {gfem®) 134 0.379 0.045 253 0.372 0.050 0.21
Men

Age {years) 94 34 58 145 36.5 58 0.002
Height {cm) 23 179 58 145 178 8.7 0.10
Weight (kg) 23 80 108 145 80 9.9 0.87
Body rmass index (kg/m®} 93 25 3.1 145 25 2.7 0.38
Current smoker (%) 93 46 145 34 .06
Smoking pack-years (no.} 60 14 8.5 a0 15 7.6 0.63
Seli-perceived heaith “good™ (%} 94 89 145 88 6.82
Physicai activity: sedate {96) 94 12 145 21 c.11
Physical activity: moderate (36} 14 16
Physical activity: active (%) 74 63
Calciumn intake {mg) 83 894 3i4 137 891 321 0.85
Baseline distal BMD (g/om™) 94 0.577 0.045 141 0.578 0.048 .88
Baseline ultradistal BMD (g/em®) 94 0.487 0.059 142 0482 0.058 .54

# 8D, standard deviation; BMD, bone mineral density.

that unduly infiucnced the measurements were recorded.
Body mass index was calculated as weight in kilograms
divided by the square of height in meters.

Questionnaires

The Tromsg I'V participants filled in two self-administered
questionnaires on different lifestyle variables, one before
entering the study and one during the study. We used daia
on self-perceived health, Jevel of physical activity, smoking
status, and calcium intake 1o assess possible selection bias in
the material. Women's menstrual status at baseline was also
derived from answers on the questionnaires or from mea-
sured follicle-stimulating hormene levels in 152 of the par-
ticipanis. Women who were not using hormone replacement
therapy, who were not pregnant, whose time since last
menstruation was less than 180 days, or whose follicle-
stimulating hormone level was less than 23 were classified

Am J Epidemiol  2005:162:6353-643

as premenopausal (n = 234). Women who were not using
hormone replacement therapy, who were not pregnant, and
whose time since last menstruation was 180-365 days were
classified as perimenopausal (n = 1). Women not using
hormone replacement therapy and whose time since last
menstruation was more than 3635 days were classified as
postmenopausal (r = 3). Finally, women using hormone re-
placement therapy were classified as hormone replacement
therapy users (n = 3). When information about mensiruation
or follicle-stimulating hormone levels was lacking, meno-
pausal status was defined as missing (n = 13). Results of
analyses conducted with and without data on nonpremeno-
pausal women were simitar, which is why we chose to present
the analysis for the entire population only.

Statistical analysis

BMD measurements from intra- and inter-testing were
compared by using a onc-sample paired 1 test. To investigate
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TABLE 2. Baseiine characteristics of the participants in the Tromse 1V (1984—-1985) and Tromse V (2001) jongitudinal studies, Norway,

accarding to 5-year age groups

Age group (years)

Baselne charactesistic 2529 S0-34 3539 204 A
No. Mean Sh+ Na. Mean so No. Mean s No. Mean s
Women
Height {cm) 37 167 8.0 76 165 87 73 185 7.0 72 165 6.4 043
Weight (kg) 36 65 103 76 85 112 73 &4 108 72 66 110 053
Body mass index {kg/m> 3% 23 3.2 76 24 4.1 73 24 3.5 72 24 3.7 0.30
Calcium intake {mg) 33 795 251 67 778 301 84 762 272 80 879 257 008
Premenopausal (%) 33 89 67 88 O 98 84 89
Perimenopausat (%) (] b 1 Q0 0 [CI ]
Postmenopausat (%) 0 0 3 4 [SI ] 2 3
HRT* user (%) 1 3 o 0 1 13 3 4
Menopause status missing (%) 3 8 &5 7 2z 25 3 4
Distal BMD* (g/cmz) 36 0462 0.04 75 0482 0.04 72 0.467 0.05 70 0.473 005 0.8s5
Ultradistal BMD (g/cmz) 36 0365 0.05 75 0377 Q.05 73 0373 005 69 0.372 005 0.86
Men
Height {cm) 25 179 71 31 178 7.1 45 178 8.2 46 177 6.8 015
Weight (kg) 25 78 111 31 77 8.7 45 80 7.9 45 83 106 Q.01
Body mass index {kg/m?) 25 25 27 31 24 2.8 45 25 2.1 45 27 29 0.001
Calcium intake {mg) 24 810 310 29 933 229 41 821 313 41 871 387  0.90
Distal BMD {g/cm?) 24 D562 004 29 (588 005 43 0579 004 45 0584 005 037
Ultradistal BMD {glcmz) 24 0479 004 29 0507 Q.06 44 0479 008 45 G477 006 0.5

* 3D, standard deviation; HRT, hommone replacement therapy; BMD, bone mineral density,

possible selection bias, we compared basic characteristics of
those participating in both surveys with those participating
in only Tromsg IV by using independent two-sample f-test
and chi-square testing for continuous and categorical varia-
bles, respectively. BMD change was estimated by deter-
mining the difference between Tromsg V and Tromsg IV
measurements. Annual BMD change was calculated as the
difference between the two measurements divided by the
length of each participant’s follow-up time. Dividing
the difference by the baseline measure and multiplying by
100 enabled us to estimate the annual percentage changes,
Ia this paper, these changes are presented, by S-year age
groups at baseline, as milligrams per centimeter squared
with 95 percent confidence intervals, Annual change in area
(centimeters squared}, BMC {(grams), and bone mineral
apparent density (BMAD}) was calculated in the same
way. BMAD at the distal site was estimated according to
Katzman et al.: BMAD = BMD¥Yarca (46). Since all areas of
the distal site have a constant length of 24 mm, the area is
@ direct measure of average bone width and is therefore
presented as milligrams per centimeter squared. Since both
length and width vary for the uitradistal area, BMAD was
not calculated for this site,

Regression analysis was used to investigate how age and
sex influenced BMD, area, and BMAD changes, Interaction
between age and sex was analyzed, and a p value of >0.10
was interpreted as no significant interaction between the

variables. To estimate peak bone mass, we plotied annual
change against baseline age by using scatter plots with & re-
gression line. The point at which the line of regression
crossed zero on the y-axis was interpreted as “‘end-of-gain
and start-of-loss age.”

The amount of total BMD change was used w categorize
the groups into “losers,” “nonlosers,” and “gainers.” The
minimal difference, which represents true biologic change
with 93 percent certainty {93 percent detection limit), can
theoretically be caleulated by using the following formua:
Delta = 1.96 X vZ » coefficient of variation percent {47}
For an intermediate term between {wo measurements, me-
dian coefficients of variation estimated on our data were
£.25 at the distal site and 1.86 percent at the ulradistal site
(9). Participants gaining or losing more than +3.46 percent
were categorized as true “‘gainers/losers™ at the distal site.
At the ultradistal site, the equivalent detection limit was
£3.14 percent. Area and BMC development in the different
loss groups was compared by analysis of variance.

Tracking between the first and second measurements
was assessed by using Pearson’s correlation coefficient.
We further divided BMD values measured at baseline and
at follow-up into four quartiles, the highest categorized as
position I and the lowest as position £ in both studies. The
values from both studies were cawegorized respectively, and
cach subject’s position in both studies was compared. The
distribution of quartile BMD positions at baseline according
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TABLE 3. Amrnual bone mineral density changes in participants in the Tromso IV {1994—1485) and Tromse V (2001) longitudinat

studies, Norway, comparing age groups by sex

Distal site Ultradistal site
R Tt T e A ot (R N T
Women
25-28 36 0.44 -0.2%0 1.1 011 0.047 36 1.38 041024 0.43 0.003
30-34 75 0.38 ~0.1 10 0.8 0.08 75 0.44 ~.1 10 1.0 0.13
35-3¢9 72 ~0.18 ~0.610 0.3 ~0.05 73 -0.04 ~08to 0.79 -0.01
4044 70 ~-0.31 -0.81002 —0.07 698 ~0.55 ~1.310 0.2 ~0.13
Men
2529 24 0.81 011019 0.16 0.000 24 0.44 ~1.1to 2.0 ¢.10 0.250
30-34 29 017 —-051t08 0.03 23 ~0.40 ~-1.41c 0.6 -0.08
35-39 43 ~0.78 —141t0 02 -0.13 44 -1.05 -2.0 to ~0.1 —0.21
4044 45 —0.36 —1410 05 -0.16 45 0,50 -1.310 03 -0.09

* Cl, confidence intervai; ANOVA, analysis of variance.

to the different Joss groups was asscssed with chi-square
testing, Fisher's exact test.

To asscss the cohori effect, we extracted four comparable
cohort groups comprising persens aged 3335 and 4343
years in 1994 and those aged 33-35 and 43-45 years in
2001. BMD level for the relevant cohort groups was com-
pared by independent two-sample £ test. The statistical anal-
ysis was performed with SPSS software, version 11 (SPSS,
Inc., Chicago, [llinois). A p value of <0.05 was regarded as
statistically significant.

RESULTS
Camparison of responders and nonresponders

Data for the first study in Tromss IV were compared for
nonresponders, partial responders, and fuil responders. The
analysis gave no indication of any differences between the
groups (43). After Tromsa V, we could use baseline charac-
teristics from Tromsg IV to compare participants lost to
follow-up with those who attended both studies. The results
from ithe analysis are displayed in table 1.

Changes in BMD

The general characteristics at baseline of those who par-
ticipated in both studies are displayed in table 2 according to
3-year age groups. Changes in BMD in both scxes according
to 3-year age groups are shown in table 3 and figure 1.

At the distal site, BMD change was predicted by bascline
age (p < (.601) but not by sex {p = 0.089). Thers was no
siganificant interaction between bascline age and sex (p =
0.127). For every 5-ycar increase in age. the BMD-change
estimate declined by 0.1 percentage poinis. Before peak
bone density was attained. growth was reduced by 0.1 per-
centage points for cvery 5 vears. After peak bone density
was achicved, bone loss incrcased by 0.1 percent cvery

AmdJ Epidemiol  2005;162:633-643

3 vears. Peak bone density was attained by age 36 years
in women and by age 34 years in men {figure 2).

At the uitradistal site. BMD change was predicted by sex
(p = 0.038), and a lincar association was found betwecn
baseline age and BMD change in women {p = (.003). In
men, the linear BMD change estimate was not significantly
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FIGURE 1. Annual percentage changes in bone mineral density

(BMD?, with 95% confidence intervals, at the distal site (top) and the
ultradistal site (bottom), by age in women and men in the longitudinal
Tromss IV (1894-1995) and Tromse V (2001} studies, Norway.
Trend: p = 0.005 for women and p < 0.001 for men at the distal site,
and p = 0.001 for women and p = 0.248 for men at the ultradistal site.
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FIGURE 2. Arnual percentage changes in borne mineral density (BMD), with the fine of regression and its 95% confidence interval, at the distal site
{top two parts) and the witradistal site (bottom two parts) in women {left) and men [right} in the longituding Tromse IV (1994-1995) and Tromss V
(2001} studies, Norway, Peak BMD occurs where the fine of regression crosses 0 on the y-axis: age 36 years at the distal site in women, age 34 years
atthe distal site in men, and age 38 years at the ultradistal site in women; no linear association was lound between age and BMD change at the

ultradistal site in men.

different from zero {(p = 0.239). A smaller BMD change in
the age group 4044 years compared with the previous age
groups indicated a possible noanlinear association at the ul-
tradistal site for men; therefore, test of linear interaction
between age and sex was not assessed.

In women, the BMD change estimate at the ultradistal site
deciined by —0.13 percentage points for every 5-year in-
crease in age. Before peak bone density was attained by age
38 years, growth was reduced by 0.15 percentage poinis for
every 5 years. After peak bone density was achieved, bone
loss increased by 0.13 percentage points for every 5 years
(figure 2).

One man in the age group 25-29 years and one in the age
group 40-44 years had an annual loss of —0,013 giem® and
an annual increase of 8.008 g/em®, respectively. Excluding
these outliers did not alter the lack of association between
age and BMD change at the uliradistal site {p = 0.061) for
men {figure 2).

Changes in area and BMAD

BMD is size dependent, and BMD changes may reflect
changes in size rather than in mineral conten:. We therefore

calculated area and BMC changes, and the resulis are given
in table 4. The arca declined slightly and similarly at the
distal site, and it increased slightly and similarly in the two
sexes at the ultradistal site. Changes in BMAD followed the
same pattern as BMD changes in both sexes at the distal
forearm site ard was negatively predicted by age {(p =
0.081) but not by sex (p = 0.16).

“Losers,” “nonlosers,” and “gainers”

Table 5 displays the distribution of *“losers,” “non-
losers,” and “gainers™ for both sexes. The distribution of
quartile BMD positions at baseline was not significantly
different between loss groups. At both sites and in both
sexes, BMC followed the same pattern as BMD, deciining
in “losers” and increasing in “‘gainers,” whereas the
area increased significantly in “losers™ and declined in
“gainers™ (figure 3).

Tracking and cohort effects

The correlations between the BMD measurements in the
two studies were high and were similar for the two sexes:
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TABLE 4. Annual changes in area, BMC,* and BMAD® in participants in the Tromse IV (1994-1995) and Tromsg V (2001) longitudinai

studies, Nerway, comparing age groups (years) by sex

Distal site Ubtradistat site
No.  Maan 95% Ci* ch’;:;:i‘,,jo) ”f\g‘{f . Mean 95% CI ch::g:%o) ;‘\\’,‘;’E’:
Women
Area (mm?)
25-29 36 -{.036 —0.10 10 0.03 ~0.05 0.83 36 0.014 -9,15 10 0.18 0.08 0.1t
30-34 73 -0.038 —0.08 10 0.04 ~0.05 75 0144 0.05 to 0.24 .34
35-39 72 -0.053 010t 0.01 -0.07 73 0.267 010tc 0.44 .84
4044 7¢ -0.053 —-0.0910 —0.02 -0.07 =] 0.275 .11 te C.44 063
BMC (mg)
25-29 36 -0.73 -3.95 fo 2.50 -0.02 0.004 36 4.90 -2.55 10 12.34 Q.40 0.79
30-34 75 ~-0.89 ~-3.27 10 1.8¢ —0.02 Ve 6.04 188 10.2 040
35-39 72 -4.98 —7.35t0 —2.62 -0.16 73 $.38 28910 1588 0.76
40-44 70 ~6.668 —9.83 o —3.49 -0.19 68 8.77 —0.2t013.74 0.43
BMAD (mg/icm®)
25-28 33 Q.11 ~-0.050 028 0.17 C.54
30-34 66 Q.08 -0.01 %0 0.19 .14
35-39 69 .92 -0.08 10 0.13 0.03
40-44 63 .01 -0.08 10 0.11 .01
Men
Area (mm?)
25-29 24 ~(0.052 —-0.14 10 0.04 .18 ¢.96 24 0.330 0.7 to 0.59 0.54 0.42
30-34 29 -0.024  -0.09 10 0.05 Q.03 29 0.102 014w 034 0.23
35-39 43 ~0.042 —0.11 10 0.03 ~Q.13 44 0.063 —0.1510 028 0.21
4044 45 -0.047 -0.11 0 0.02 —-0.18 45 0.233 —0.01 0 0.48 0.52
BMC (mg)
25-29 24 3.52 —597 to 13.01 0.09 0.001 24 1718 2.6 %0 3217 Q.72 0.16
30-34 29 -1.28 ~7.22 10 463 ~0.03 29 i21 ~12.42 10 14.84 0.13
35-39 43 -11.40 -16.32 to -5.48 ~0.24 44 375 -14.75 10 7.24 --0.07
40-44 45 12568 —17.48 10 -7.62 -0.26 45 8.20 -6.06 to 18.46 0.38
BMAD {rag/cm®)
25-29 24 0.15 0.02 to 0.29 0.22 0.03
30-34 2¢ 0.04 -0.07 to 0.15 0.07
35-39 43 —0.06 -0.19 to 0.07 —6.08
4044 45 -0.08 ~0.16 to 0.01 -0.10

= BMC, bong mineral content; BMAD, bone mineral apparent density; Cl, confidence interval; ANOVA, analysis of variance.

distal and ultradistal sites for women: r = 0.97 and r = (.93
distal and ultradistal sites for men: r = .97 and » = (.94,
respectively (p < 0.001). The correlations in area and BMC
were aiso high at the distal site: r > 0.97 for both sexes. At
the ultradistal site, the correlations hetween area measure-
ments were r = 0.88 for women and r = 0.86 for men, and
t+he correlations between BMC measurements were r = 0.74
for women and r = .60 for men.

For both sexes, 75-80 percent kept their quartile BMD
position from the first to the sccond survey, whereas 10-13
pereent ejther lost or gained one position at the distal site.
This Joss or gain was cvenly distributed from ail original

Am J Epidemiol 2005;162:633-843

quartile positions. A similar patiern was seen at the ultradistal
site: 72-73 percent kept their guartile position, 11-12 percent
lost one quartile, and 1214 pereent gained one quartile, also
from all quartile positions. Two percent—four women——lost
two quartiles, all from the highest quartile, From the analysis,
we concluded that only those who were close to the quartile
“horders” changed positions, and the changes occurred in
any direction. As such. the degree of tracking was extremely
high for both sexes before middle age.

The BMD levels of the different cohort groups are shown
in table 6. No significant differences in BMD levels between
the compared cohort groups (p > 0.5) were observed.
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BISCUSSION

The main finding from this population-based, longitudi-
nal study was thar BMD change at the distal forearm site
was simtilar in the two sexes. An annual increase of approx-
imately 0.1 percent in the age group 23-34 years became
a small loss at the distal site beginning at age 34 years in
men and at age 36 years in women. There was a high degree
of wacking, and no cohort effects were observed when
measures from similar age groups were compared in 1994
and 2001. A small group of women and men lost a substan-
tial amoumnt of BMD before middie age; however, this loss
seemed 10 be compensated for by an area increase (in cen-
timeters squared).

One of the swengths of this swdy is its long follow-up
period. With the precision of current methods for measuring
bone mass, accurate estimates of rates of bone loss require
long periods of follow-up (48), with the small magnitude of
the decrease occurring before middie age (49), More than 6
years of follow-up, including strict quality control of densi-
tometer performance in both studies, provided the opportu-
nity for accurate documentation of changes in bone mass.

Nonresponse may generate selection bias. For both sexes,
participants lost to follow-up were younger than those par-
ticipating in both studies. Since we aznalyzed the data in
S-year age groups, this bias should not have influenced the
estimates, giving smalier numbers for the youngest age
groups only. For women, the percentage of present smokers
was equal in the two groups, but participating women had
smoked { year longer than participants lost 10 follow-up
(p = 0.03). However, the total number of cigarettes smoked
was not significantly differcat when the two groups were
compared. The percentage of present smokers tended to be
higher among the male participants tost to follow-up (p =
0.06), but smoking pack-years and total number of ciga-
rettes smoked were not significantly different in the com-
pared groups. Smoking might influence bone health in a
negative direction, with a cumulative effect by age (50).
In our study, smoking pack-years did not predict BMD
changes ia women (p = 0.163 and p = 0.222 at the distal
and ultradistal sites, respectively), and smoking status did
nat predict BMD changes in men (p = 0.238 and p = 0,051
at the distal and uliradistal sites, respectively). We therefore
assume (hat our results were not influenced by selection
bias. To test for its possible effect at the ultradistal site in
men, we calculated how BMD changes would be infiuenced
by an increase in the proportios of current smokers in the
data, and the effect was negligible.

The findings from our study support the indication that
bone loss starts during the third decade of life (18). Compa-
rable studies with ditferent results have been published.
Chapurlat et al. (31} used dual energy x-ray absorptiometry
to follow 196 premenopausal women over 3 years in a
population-based study. They found that women aged 30-50
years had an annual BMD increase of 0,24, 0.4, and 0.02
percent at the midshaft, distal, and uliradistal radius sites,
respectively. The rate of change was not significantly differ-
ent when women aged 30—40 and 40-50 years were com-
pared. Khosla et al. (39) followed a population-based sample
of 315 men aged 22-90 years over 4 years by using dual
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Distal site: men (7 = 141)
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BMC change (g}t

Area change (M5

BMC change (g}
Uitradistal site: men (n = 142}

Asea change (mA)§

BMC change ()t
1 Diflerence between groups, p < 0.001, analysis of variance (ANOVA).

* C{, confidence interval; BMC, bone mineral content.
# Difference belween groups, p < 0.03, ANOVA.

§ Dilference between groups not significant, ANOVA,

Distal site: women {n = 253)
Ullradistal site: women (n = 253)

TABLE 5. Distribution of participants in the Tromsg 1V (1994~1995) and Tromsa V (2001) lengitudinal studies

of loss compared with basellne bone mineral denslty
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FIGURE 3. Annual percentage changes in area and bone mineral content (BMC) at the distal site in women (left} and men (right) according to
three change groups in the longitudinal Tromse IV (1994—1995) and Tromse V (2001) studies, Norway. Trend: p < 0.001 for area and BMC in

women, and p < 0.001 for area and p = 0.004 for BMC in men.

energy x-ray absorptiometry. Men aged 22-39 and 40-59
years had an annual BMD increase of 0.4 and 0.24 percent,
respectively, at the mid-distal radius (39). Age-stratified
analysis was not presented. No longitudinal results from
the ultradistal radius are reported for young men.

Our findings of bone loss starting at the distal forearm site
in the third decade of life are in contrast to Chapurlat et al.
(31) and Khosla et al. (39) reporting no loss in the compa-
rable age groups. This discrepancy might be influenced by
differences in machine performance, length of follow-up, or
variations in the population. Our study has its strengths, with
the longest follow-up, high response rates, and strict quality
control routines. The coefficient of variation reported in the
study by Khosla et al. is 2.1 percent compared with our
0.9 percent (43). However, our study was based on a Scan-
dinavian population that, together with North-American
Whites, is known to have the highest incidence of forearm,
proximal humerus, and hip fractures (51-55). The discrep-
ancy in findings might therefore represent true population
differences, which should be studied further.

Eighty-five percent of the total bone in the body is corti-
cal, and it is relatively most abundant in the long bone shafts
of the appendicular skeleton (56). With the distal site con-
taining mainly cortical and the ultradistal site mainly tra-
becular bone (57), both types can be studied as at the distal
foreaiin. Because of the different environments of the bone
cells, decline in trabecular bone mass is thought to begin
earlier than cortical bone mass (56). An earlier and greater

bone loss would therefore be expected at the ultradistal site.
However, opinions differ regarding this issue (56), and our
findings are in concordance with recent studies from other
comparable sites. Bainbridge et al. (36), who followed a co-
hort of 614 women aged 24-44 years over 6 years, reported
an annual bone loss of —0.3 percent beginning by the mid-
twenties at the femoral neck (75 percent cortical bone), with
no evidence of early bone loss at the lumbar spine (>60
percent cancellous bone) (36).

BMD changes did not differ significantly at the distal site
when the two sexes were compared. At the ultradistal site,
the trend regarding change was significant in women but not
in men, with women gaining significantly in the age group
25-29 years. The main impact of estrogen deficiency is on
trabecular bone (58). Because this study comprised mostly
premenopausal women whose sex hormone levels are ex-
pected to be high, it was actually not surprising to find
that the youngest women, those aged 25-29 years, gained
a significant amount of BMD at the ultradistal forearm site
(table 3, figures 1 and 2).

An annual loss of —0.1 percent over 10 years indicates
a loss of approximately 1 percent from peak value, before
the more extensive loss starts at middle age in women. As
stated by Riis (59), this loss might not be of any clinical
relevance, and the degree of tracking in BMD measurements
is high. Tracking of a characteristic is defined as the ability
to maintain the same position within a distribution over time
(60, 61) or the ability to predict future values from earlier

TABLE6. Cohort-effect analysis of the bone mineral density (g/cm®) of participants in the Tromsg IV (1994-1995) and Tromsg V (2001)

longitudinal studies, Norway

Aged 33-35 years in 1994

Aged 33-35 years in 2001

Aged 43-45 years in 1994 Aged 43-45 years in 2001

No. Mean SD* No. Mean sSD No. Mean sD No. Mean SD
Women
Distal site 52 0.488 0.042 27 0471 0.038 33 0476 0.051 45 0.462 0.051
Ultradistal site 52 0.382 0.050 27 0.383 0.045 33 0.369 0.051 45 C.375 0.051
Men
Distal site 12 0.575 0.045 16 0.572 0.049 31 0.582 0.051 25 0.573 0.051
Ultradistal site 12 0.493 0.066 16 0.481 0.049 31 0.474 0.059 25 0.471 0.059

* 8D, standard deviation.
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measurements (62, 63). Despite the high degree of tracking,
there was some Interindividual variation in both sexes, with
6-7 percent losing more than 3.46 percent of their BMD in 6
years (more than 0.5 percemt annually). This represents
4 substantial amount of early bone loss, which might lead
te an early increased fracture risk (64). It is interesting to
note that the area (in centimeiers squared) increased signif-
icantly in “Josers” compared with “gainers,”” which might
represent a physiologic compensation of periosteal apposi-
tion resulting in an increased area that sceks to preserve
bone strength (18, 23, 63, 66),

We observed no cohort effect when measurements from
similar age groups in the studies were compared, indicating
that BMD changes can be derived from cross-sectional
studies in this age group. This observation is in contrast to
that of Melton (67), who argued that cross-sectional data tend
0 overestimate bone loss rates observed longitudinally at
many sites, and to our own cross-sectional data that indicated
higher bone loss rates in both sexes at both forearm sites (43).

In conclusion, changes in BMD in the age group 25-44
years are significantly explained by age, but not by sex. The
degree of tracking between measurements is high, buta clin-
ically significant group of both women and men experience
bone loss before middle age. However, the observed loss
might be compensated for by an increase in area, which
preserves bone strength. This effect needs to be explored
fsrther in other populations.
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The airm of this study was to describe changes in bene mineral density in Notwegian women and men aged
45-84 years in a population-based, jongitudinal study. Bone mineral density (g/om?) was measured at distal and
uitradistal forearm sites with single x-ray absorptiometric devices in 3,162 wemen and 2,197 men at baseling in
19941895 and at follow-up in 2001 (standard deviation, 0.4 vears). The mean annual bone loss was ~0.5%
and -0.4% in men and ~0.9% and —0.8% in womnen not using hormone replacement therapy at the distal and
uitradistal sites, respectively. In men, age was a negative predictor of bone mineral density change at both
sites. Women not using hormone replacement therapy had the highest bone loss at the ultradistal site 1-5 years
after menopause. The correlation between the twe measurements was high: r= 0.93 and r = 0.80 in women and
r= 0.86 and r= 0.93 in men for the distal and ultradistal sites, respectively. More than 70% kept their quartile
positions, indicating a high degree of tracking of bone mineral density measurements. Although the study population
live above the polar cirgle, the raie of bone loss was not higher at the distal and ultradistal forearm sites compared

with that of other cohoris.

bone density; densitometry; follow-up studies; forearm; longitudinal studies; men,; women

Abbreviations: HRT, hormone replacement therapy; SD, standard deviation; TROST, Tromse Osteoporosis Study.

Osteoporotic fractures in both sexes constitute a major
health problem with substantial morbidity and cost {1, 2}.
The causation of fracture is complex, but bone fragility is an
important contributor to fracture risk (3). Bone mineral den-
sity is a good surrogate measure of bone strength, predicting
650-7¢ percent of its variation {4}. A strong relation between
bone mineral density level and the probability of fracture has
been documented {3}, Bone mineral density in the elderly is
a function of the amount of bone gained during growth and
the amount of bone lost during aging {6, 7). Bone loss esti-
mates derived from cross-sectional studies may be subject to
cohort effects, and longitudinal studies provide the best
foundation for precise estimations of bone loss (8, 9).

Bone mineral density changes in women through meno-
pause (10-14) and in old age (15-22) have been described

through longitudinal, population-based surveys. These changes
in men are, however, not extensively explored longitudi-
rally in population-based samples (23-25). Studies, based
on representative samples, comprising both sexes from the
same population are even more rare, and those existing are
from clderly populations (26-30). Longitudinal, population-
based studies describing bone mineral density changes in
both sexes from middle age into old age are therefore still
lacking.

The Troms¢ Osieoporosis Study (TROST) is part of the
Tromsg Stedy in northern Norway. With a follow-up of
more than 6 years, TROST has obtained repeated bone min-
eral density measurements from the distal and ultradistal
forearm sites of 3,169 women and 2,197 men aged 45-84
years. The aim of this study was to describe and compare
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varialions in bone mineral density changes in women and
men from middle into old age. With the long follow-up, we
also wanted 1o study the degree of tracking of bone mineral
density measurements by assessing how well the second
measurement was predicted by the first.

MATERIALS AND METHODS
Study participants

The Tromsg Study is a longitudinal, population-based,
multipurpose study that focuses on lifestyie-related discases
(31}, It was initiated in 1974 {Tromse I}, with the surveys
repeated in 19791980, 9861987, and 1994-19935; the
fifth survey was performed in 2001 (Tromsg V). In 1994-
1995 (Tromsg IV), TROST had buone density measured on
atotal of 7,311 subjects (4,162 women and 3,149 men) aged
from 435 to 84 years. These numbers correspended to 80 and
79 percent of the invited women and men, respectively. In
2001, the 6,755 persons still alive and stll living in Tromsg
were invited for another examination. Bone densitomerry
was performed on a total of 3,366 subjects (3,169 women
and 2,197 men), which corresponds to 80 and 78 percent of
the invited women and men, respectively. The follow-up
examination therefore included 61 and 33 percent of the
women and men originaily invited in 1994. The mean age
at baseline in 1994 was 60 (standard deviation (SD), 7.4)
years and 61 (SD, 7.2) years for the participating women
and men, respectively. The mean follow-up time was 6.5
{SD, 0.4) years. The participants signed a declaration of
consent prior to both examinations. The Regional Commit-
tee of Research Ethics recommended the study, with ap-
proval by the Norwegian Data Inspectorate.

Comparison of responders with nonresponders

Data for the first study, Tromsg IV, were compared for
nonresponders, partial responders, and full responders. For
nenresponders, we had only age and sex data; for partial
responders, we had data from the first part of the examina-
tion in addition to one o two questionnaires; and for full
responders, we had a complete data set. The analysis gave
no indication for any differences among the groups (32}
After Tromsg V, we could use baseline characteristics from
Tromsg IV to compare participants who attended both stud-
ies with those lost to foliow-up, because either they missed
participating for unknown reasons or they were ineligible
{deceased or moved out of town). Comparisons of the three
groups are displayed in table 1. Participants attending both
studies were younger and taller, had a lower body mass
index (women}, and had better self-perceived heaith. They
also smoked less and had a higher bone mineral density at
both forearm sites.

Measurements

Bene densitometry was performed in both surveys at the
distal and ultradistal sites of the forearm with two single

X-ray absorptiometric devices (DTX-100; Osteometer
MediTech, Inc., Hawthorne, California). The distal site in-
cludes both the radius and the ulna from the 8-mm point
(point where the ulna and radius are separated by 8 mm)
and 24 mm proximally. The ultradistal site includes only
the radius aad strewches from the 8-mm poiat up to the
radial endplate. The nondominant arm was measured except
when it was ineligible because of wounds, plaster casts, and
50 on,

In both studies, by use of the same protocol, participants
were allocated to the two densitometers depending on ac-
cessibility. Quality control with respect 1o precision and
correction of artifacts in Tromsg I'V was reported previcusly
(33, 34). In the second survey, Tromsg V, one of the two
densitometers had & major repair, and the x-ray tbe had 10
be replaced on both densitometers during the survey. Qual-
ity control routines, using the European forearm phantom
(QRM GmbH, Mahrendorf, Germany), revealed that one of
the machines measured at a higher bone mireral density
level before the x-ray tube replacement than the other one
did, the mean difference being 0.005 gfem? (35). The Euro-
pean forearm phantom data were used to adjust the differ-
ences in densitometer measurement level. The internal
variation of each machine was studied by both coetficient
of variation, which is equal 1o the standard deviadon/mean X
100, and comparison of the Europearn forearm phantom
measurement levels at different time periods and was found
to be satistactory, with a mean coefficient of variation of 0.9
percent measured with the Enropean forearm phantom (33).

All scans were reviewed and reanalyzed, and the results
from Tromse IV have been described previously (34). The
scans trom Tromsg V were analyzed by four technicians,
one of whom also did the analysis in Tromsg IV. To test
for reliability, we obtained three intraobserver tests (each
technician compared with him/herseif) and three interob-
server tests (each technician compared with the other tech-
micians). Each pair corrected a minimum of 27 and a
maximam of 127 similar scans. We missed one intraob-
server test and one interobserver test possibility, with one
technician reviewing 273 (5 percent} of the scans. At the
distal site, there were no significant differences among the
technicians with respect to bone mineral density, either in
intraobserver or in interobserver testing. At the ultradistal
site, there were significant differences among the techni-
cians with respect to bone mineral density in two of the
three intraobserver tests and in two of the three interob-
server tests. From these tests, we could derive that one of
the technician’s measurements was approximately $.061
glem?® lower than the others. This would entail an effect of
less than 1 percent on the annual bone loss estimates (gfem®)
and reduce the estimates of percentage of change by 002
percentage Eoims. We also compared annual change esti-
mates (g/cm”), and they were not echnician influenced (p >
0.29} at any sites {analysis of variance). We therefore de-
cided net to do any correction of the data. After exclusion of
invalid scans, which were due mostly 1o excessive move-
ment artifacts, there remained 3,093 and 3,060 rtepeated
measurements for women and 2,150 and 2,160 repeated
measurements for men at the distal and ultadisial sies,
respectively.
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TABLE 1. Comparisor of participants lost to follow-up {participating in Tremse IV only) with those who participated in both the
Tromse IV {1994-1995) and Tromsg V {2001) longitudinal studies, Norway®

Participating in

Participating oniy in
the Tromso IV Sludy

Participating only in
the Tromsa IV Study

Baseling charactenistics ".F?;;:Gmf,as: d?:s out eligible for the and ineligible for the ¢ A‘Ij\[‘g\ll‘fﬂ
(mean (SOt} or %) TFromse V Study Tromsa V Stutyi
{reean (S0} or %) {ragan (SO or %}
Women
Age, years 80 (7.4} 826 (8.2 85.7 (7.9) 0.001
Height, cm 162 {6.2) 161 (6.5) 160 {6.6) 0.001
Weight, kg 88.0 (11.5} 68.8 (13.4) 67.2 (13.3) 0.105
Body mass index, kgim? 25.9 (4.2) 26.5 (5.0 26.2 (5.1) 0.002
Present smokers, % 28.3 342 43.1 0.001§
Smoking, years 25.4 (12.5) 27.5 (13.8} 33.0 (14.0} 0.001
Self-perceived health “good,” % 52.8 451 316 0.001§
Baseline distal BMD 1, gfcmzli: 0.408 {0.07} 0.395 {0.07) 0.376 (0.08) 0.001
Baseline ultradistal BMD, glem®s 0.302 (0.07) 0.298 (007} 0.283 (0.07} 0.001
Men
Age, years 81 (7.2) 62.7 (8.1} 65.9 (7.0) 0.00t
Height, cm 175 {6.6) 174 (6.8) 174 (7.5} 0.001
Weight, kg 805 (11.7) 794 (12.5) 78.6 (14.7} 0.005
Body mass index, kg/m® 26.2 (3.2} 28.1 {3.8} 259 (4.2) 0.369
Present smokers, % 314 407 412 0.001§
Smoking, years 29.9 {13.4) 34.1 {13.9) 36.7 (13.8} 0.001
Self-perceived heatth “good,” % 61.8 542 387 0.0018
Baseline distal BMD, glom?e 0.541 {0.08) 0.527 {0.07) 0514 (0.08) 0.001
Baseline uitradistal BMD, g/em?e 0.442 {0.07) 0.432 {0.07) 0.418 (0.08} 0.001

* Participating in the Tromse IV and Tromso V studies: 3,169 women and 2,197 men; paricipating only in the Tromse IV Study but eligible for
the Tromse V Study: 781 women and 608 mew; participating only in the Tromse |V Study and Ineligible for the Tromse V Study: 212 women and

344 men.

1 8D, standard deviation; ANOVA, analysis of variance; BMD, bone mineral density.

+ Deceased or moved out of jown.
§ Chi-square testing.
< invalid scans exciuded.

Other measurements

Height and weight were measured (o the nearest centime-
ter and half kilogram. The participants wore light clothing
without shoes. Body mass index was calculated as weight in
kilograms divided by the sguare of the height in meters.

Questionnaires

Two self-administered questionnaires were $lled in by
the participants in Tromsg 1V, one before entering the study
and the other during the study, in whick the pariicipants
provided data or different lifestyle variables at baseline.
We used data on smoking status and self-perceived health
to assess possible sclection bias. Women's menstrual status
at baseline was aiso derived from answers {0 the question-
naires, Women using hormone replacement therapy (HRT)
were classified as “HRT users.” Women who were aged
more than 44 years, were not using HRT, and were cither
pregnant or had a time from the last menstrual period of less
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than 180 days were classified as “premenopausal.” Wormnen
who were aged more than 44 years, were not using HRT.
were not pregnant, and had a time from the last menstrual
period of between 180 and 364 days were classified as
“perimenopausal.” Women who were aged more than 44
years, were not using HRT, and had a iime from the last
menstroal period of 1 year or more were classified as “post-
menopausal.” When information about menstruation was
lacking completely and menstrual status could not be de-
termined, menstruation status was defined as “missing.” For
further classification of HRT usc in the peried of follow-up,
we have wsed information provided from questionnaires in
Tromsg IV.

Statistical analysis

Bone mineral density measurements from intra- and in-
terobserver testing were compared by use of a one-sample
paired ¢ test. Change in bone density was estimated by
calculating the difference between measurements from
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TABLE 2. Annual bone mineral density changes in mg/cm?® and percentage (%) with 95% confidence intervals in men and women (not
using harmone replacement therapy), according to 5-year age group, the Tromseo IV (1994-1995} and Tromse V (2001) lengitudinal
studies, Norway

Annual bone mineral density changes

Annuaf bone mineral density changes

Age
eg'i'ig) No. S 95%]{3[0;\!52;25:9 o 95%{:2’;22]9:1::5 Ne. - 95%;?;:5%& w Qs%i;c;!;s:;ance
Men, distal site ten, ultradistal site

45-49 86 -1.48 —~1.84, -1.14 -0.27 ~0.34, -0.21 167 ~0.89 —1.40, ~0.37 -0.18 —0.30, —0.C6
50--54 184 -1.54 -1.83 ~1.25 028 ~0.33, -0.22 184  ~1.01 ~1.39, -0.82 ~0.21 —(.29, —0.13
55-59 602 ~1.92 ~-212,-1.73 ~0.35 -0.38, -0.32 605 138 -1.62, -1.10 -028 -0.35 -0.23
60--64 524 270 ~2.96, ~2.43  ~0.52 057, ~048 525 -1.98 -2.28, -1.68 048 -0.53, -0.39
65-69 393 -3.24 -3.58, —288 063 -0.70, -0.56 394 213 -251, -1.76 050 -060, -0.41
70-74 271 377 421, -334 075 085 068 275 —2.23 —2.70, —1.77 053 088, —0.40
75-280 10 320 —-584, -0.74 080 112, -0.08 10 -2.18 —-4.41, 0.08 047 —1.03,0.08

Total 2,150 253 -2.65, ~240  ~048  ~0.51, -046 2,160 ~1.70 -185, ~1.85 ~0.38 -042, -0.35

Women, distal site Women, uifradistal site

45-49 33 247 ~3.39, -1.56 -0.54 -0.75, -0.34 33 ~3.11 -4.68, -1.54 -0.85 —1.28, -0.42
5054 358 —-4.57 ~4.98, ~-4.18 ~1.03 ~1.12, ~0.94 355 454 ~4.98, ~4.10 -1.30 -1.42, ~1.18
55-59 360 -3.67 —4.05, -3.3¢ -0.8% -098, -0.79 355 —2.59 —2.96, —222 -08% 098, -0.79
6064 325 -3.58 -3.95, -322 -082 -1.02 -082 323 227 —263, -180 -082 -080 -084
6569 363 -349 -3.89, -3.10  -084 -~1.05, -0.83 356 ~1.74 -2.38, -1.28 -0.61 -0.80, ~0.42
70-74 234  ~3.21 -3.68, ~2.74  ~080  ~1.03, -0.76 232  ~1.83 -2.40, ~1.26 -0.83 -0.88, -0.37
75->80 0 604 ~3.46, ~2.62 -~174 -253, ~0.95 ¢  ~353 -6.66, ~-040 ~140 253 027
Total 1,683 -3.12 -3.26, -288 -077 -0.80, 073 16684 -2.08 -2.22, -1.90 061 -0.67, ~0.56

Tromss Vand Tromsg V. This total estimate was divided by
the length of each participant’s follow-up time te calculate
the annual changes that are presented by 3-year age groups
as mg/em” and percent, with 93 percent confidence inter-
vals. Regression analysis was used to investigate how age
and sex predicted changes in bone mineral density. The
difference in annual bone loss rates in women according
to reported HRT use in the follow-up peried and years since
menopause was analyzed by use of analysis of variance.
applying the Bonferroni correction.

To investigate the variation of changes in bone mineral
density and to identify possible “fast Josers,” we used the
annual loss estimates to categorize the participants intc
groups of “losers,” “nonlosers,” and “gainers™ through
calculation of the minimal difference, whick represents
the true biologic change with 95 percent certainty (93 per-
cent detection limit}). I is theoretically given by the follow-
ing formula: A percent = z X coefficient of variation X 2
{36). The median coefficient of variation estimated on our
material was for an intermediate term between two mea-
surements of 1.25 and 1.86 percent at the distal and ultra-
distal sites, respectively (33). Persons with an annual loss or
gain of more than =3.46 percent were categorized as true
“gainers/losers”™ at the distal site. At the ultradistal site, the
eguivalent 85 percent detection limit was £35.14 perceat.

Tracking was assessed by use of Pearson’s correlation
coefficient and correlation with ranking of the variables.
We divided values for bone mineral density measured at
baseiine and at follow-up inte four quartiles, the highest

quartile being categorized as position 1 and the lowest quar-
tile being categorized as position 4, The values from both
studies were categorized, respectively, and each partici-
pani’s positions in both studies were compared.

The statistical analysis was performed by use of SPSS,
version 1 1, software {(SP8S, Inc., Chicago, Illinois). A p value
of less than 0.05 was regarded as statistically significant.

RESULTS
Changes in bone mineral density by age

Annual changes in bone mineral density according to
S-year age groups in men and in womesn reporting ne
HRT use in the follow-up period are displayed in table 2
and in figure 1. In men, the rate of bone mineral density
loss was associated with age at both sites (p < 0.001), with
an increase in the rate of loss of approximately 0.2 percent
per 10-year increase in age (beta, —0.02). In women, a
smaller bone mineral density loss rate in the age group
43-4% years compared with the other age groups indicated
a possible nonlinear association at both sites. The test of
linear interaction between age and sex was therefore not
assessed.

Bone mineral density changes in women

The highest rate of bone loss was seen in women who
were not using HRT and in women who had stopped using

Am.J Epidemiol 2006;163:441-449
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BMD Change (%)
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Age (Years}
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FIGURE 1. Distal {A) and uliradistal (B) sites: annual percentage of
change in bone mineral density (BMD) by age in men and women {not
using honmone replacement therapy) in the fongitudinal Tromse IV
(1924-1995) and Tromsg V (2001} studies, Norway. Black bars,
women; white bars, men.

HRT during the follow-up pertod (table 3}. The differences
between the groups akso remained significant {p < 0.001) a1
both sites afier adjustment for age. Among postmenopausal
women not using HRT. the highest bone loss rates were seen
in the period 1-3 years after menopause at the ultradistal site
{table 4) {p > 0.001} and also, when adjusting for age, with
the same trend at the distal site (p = 0.065). Women repori-
ing to be premenopausal at baseline and not using HRT in
the period of follow-up had bone mineral density loss rates

at the ultadistal site that were not significantly different from
those of women 1-3 and 4--5 years after menopause. At the
distal site, their bone mineral density loss rates were not
significantly different from those of any other group (table 4).

“Fast tosers”

Among womes not using HRT, § percent (7 = 16) were
losing more than —3.6 percent annually at the distal site.
Their mean age was 62.0 (SD, 8.6) years. Ninc of these
women were in the lowest bone mineral density quartile at
baseline, and in the second survey they were all in the lowest
bone mineral density quartile. Only three men lost more
than —3.6 percent annually at the distal site. At the ulira-
distal site. only three women lost more than —3.14 percent
annually.

Tracking of bone mineral density measuremenis

The correlations in the measurements between the two
studies are significant (p < 0.001) and high at the distal
and ultradistal sites, respectively, in mea (r = 0.96 and
r = 0.93) and in all women (r = 0.93 and r = 0.90). In-
cluding only women reposting no HRT use, the correlation
coefficient is » = 0.94 and 0.91 at the distal and ultradistal
sites, respectively, The ranked correlation is slightly less but
also high.

Among nen, 79 and 75 percent keep their quartile posi-
tion from the first to the sccond survey, and 16 and 12
percent either lose or gain one position, from all quartiles,
at the distal and vitradistal sites, respectively. Among all the
women, 74 and 70 percent keep their quartile position,
whereas 12 and 14 percent either lose or gain one or twa
quartile positions at the distal and ultradistal sites, respec-
tively, A similar pattern is seen alsc when only the women
not using HRT are included in the analyses; 75 and 69 per-
cent of the women keep their quartiie position, 14 and 16
percent jose, and 10 and 11 percent gain one position at the

TABLE 3. Annual bone mineral d:nsity changes in mg/em® and percentage (%} with 95% confidence
intervals in women, according to reported hormone replacement therapy use in the follow-up peried, the
Tromsp IV {1894-1895) and Fromsa V (2001) jongitudinal studies, Norway

Mean bone mineral density changes

Horr;lc:;:pr;il!aa:t:i;n et No. M@ir;:;?e 2 895% confidence 5% confidence
mgfom interval % interval
Distal site
Not using 1,683 51.23 -3.73 —3.91, -3.56 -0.93 -0.98, ~0.89
Stopped using 174 56.28 -3.86 ~4.58, -3.34 ~0.91 ~1.08, -0.77
Started using 251 55.98 —-1.00 —1.43, -0.57 -0.22 -0.34, -0.11
Using 273 55.97 -0.46 -0.80, ~0.12 ~0.10 -0.18, -0.02
Ultradistal site
Not using 1,664 51.22 -2.67 —2.87, ~2.47 -0.84 ~0.91, -0.77
Stopped using 174 56.28 -3.54 —4.18, —2.91 ~1.03 ~1.22, ~0.85
Started using 250 56.05 .32 -0.21, .88 0.27 0.01, -0.54
Using 265 5584 0.05 -0.41, 0.51 0.08 -0.08, .24
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TABLE 4. Bonre mineral density changes in mg/cm® and percentage (%) with 95% confidence intervals in
women not using hormone replacement therapy who were classified according to menopausal status and
years since menopause, the Tromses IV {1894-1935) and Tromse V {2001) longitudinat studies, Norway

tMean bone mineral density changes

No. Mg:;;;?e 2 95% confidence o 98% canfidence
mg/em interval - interval
Distal site
Premenopausal 106 50.10 —3.87 —4.57, -3.17 -0.85 —1.01, -0.89
1-3 years $ince menopause 142 53.56 —~4.84 ~5.55, ~4.13 ~1.10 ~1.26, -0.84
4-5 years since menopause 101 55.09 —4.47 ~517, -3.78 -1.07 -1.24, ~0.90
6-10 years since menopause 270 57.72 —~3.73 ~4.12, ~3.34 ~0.91 -1.01, ~0.82
>10 years since mencpause 846 65.94 —~3.38 -3.64, -3.13 —-0.90 -0.97, -0.83
Ultradistai site
Premencpausal 106 50.10 —4.59 -5.41, -3.77 ~-1.25 -1.47, -1.03
1-3 years since menopause 138 53.59 —4.66 —5.39, —-3.83 —1.32 -1.53, —1.11
4-5 years since menopause 100 55.12 —3.18 —3.90, -2.48 -1.03 -1.28, -0.80
8-10 years since menopause 268 57.69 —2.49 -2.93, ~2.05 ~0.79 -0.93, ~0.85
>10 years since mengpause 832 65.94 ~1.99 -2.26, -1.72 ~-0.68 ~0.79, —-0.58

distal and ultradistal sites, respectively. In both sexes, at
both sites, the changes are all from original quartile positions.

DISCUSSION

The main findings from this population-based survey are
that the mean annual bone mineral density loss in men aged
43-84 years is less than 0.5 and 0.4 percent, negatively
predicted by age, at the distal and vltradistal sites, respec-
tively. In women not using HRT, the equivalent bone mineral
density changes are —0.9 and —0.8 percent. There is a ligh
degree of tracking in bone mineral density measurements.

Two of the strengths of this study are uts long follow-up
and a high attendance rate of more than 78 percent in both
studies, The single x-ray absorptiometric measurement of
the distal forearm is thought to be one of the most precise
densitometric methods {33, 37-39), and we had densitom-
eter performance strictly controlled in both studies, Although
fracture risk is best predicted by bone mineral density mea-
surements from the same anatomic site, no site is superior
with respect to prediction of all types of fragility fractures
(5). When central dual x-ray absorptiometry is not available,
peripheral bone mineral density measurement can be used 10
assess fracture risk at both peripheral and central sites (5, 40,
41}, and they still constitute a valuable tool for the diagnosis
of osteoporosis (42).

Irrespective of high response rates, nonresponse may gen-
crate sclection bias. As displayed in table 1, participants lost
for follow-up in general seem to be less healthy or having
a less healthy lifestyle than those who participated in both
studies. As smoking status is associated with greater bone
loss rates (43) and low self-perceived health might indicate
a greater degree of comorbidity (44}, we possibly have some
“healthy selection bias™ in the material. Similar findings are
observed in other longitudinal studies within she field, In

a prospective osteoporosis study in Rochester, Minnesota,
nonrespondents were less healthy than were full respondents
(45). In the Framingham Ostecporosis Study, cohort mem-
bers without longitudinal data were more likely to be older,
10 have a lower mean baseline bone mineral density, and
1 have lower physical activity scores, and they were less
likely as participants to have reported good health (30). The
Rotterdam Study also reported selection in favor of the
more mobile and healthy population with probably lower
rates of bone loss, and loss 1o follow-up was most likely re-
lated to illness, so that true progression was probably under-
estimated (28). Despite some possible selection bias, with
the high attendance rates, we do feel confident that the re-
sults from our study are comparable 1o other population-
based studies ir the field.

At the forearm site, we have the possibility of comparing
age-refated changes of both trabecular and cortical bone, as
the distal site contains mainly cortical and the uitradistal site
contains mainly trabecuiar bone (46), We have compared onr
results with findings from other lomgitudinal, population-
based studies on bonre mineral density changes, limited to
studies with data from the distal and ultradistal radius.

Annual percentages of decline of appreoximately 1.0 per-
cent were seen at the distal and proximal radius in previous
studies of i,000 Japanese-American postmenopausal women
aged 5574 years (15, 16, 18) and of 271 White women aged
35--80 years (17). The loss raies in both of these studies are
slightly higher at the distal site than that in our cohort for the
concurrent age groups. In men, we observed an increasing
rate of bone loss at the distal site with increasing age, from
about —0.30 percent per year at ages 4339 years to 0.75
pereent per year at ages 70-74 years, Similar treads were
seen in a large study of Japanese-American men aged 5182
years (23, 24) and in the Mayo Clinic study of the Rochester,
Minnesots, population (23, 24). The Framingham longitu-
dinal study reported annual loss rates of —1.2 and —-0.9
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percent at the distal radivs and of —1.0 and —0.8 percent at
the ultradistal site in clderly women and men {aged 67-95
years) (30). These rates are slightly higher than those in our
cohort at similar age groups. In summary. despite difficuitics
in comparing studics, the population of Tromse living above
the Arctic Circle does not scem to have higher bone loss
rates than do other comparable populations.

Because of the different environments of the bone celis,
decline in trabecular bone mass is thought to begin carlier
than that in cortical bone mass, which is thought 1o occur
increasingly after the age of 40 years and to be mainly age
refated (47). Qur findings of bone mineral density develop-
ment in the age group 45-84 years are supportive of this
concept. In mes, with age being a negative predictor of bone
mineral density changes at both sites, the loss rates are
higher at the distal than at the ultradistal site. Tn women
not using HRT. the ultradistal site bone loss rates decrease
from —1.3 percent in the age group 50-34 years to —0.6
percent in the age group 63-69 vears, indicating that the
most dramatic trabecular bone loss in women had occurred
before that age. This is also supported by the findings of
highest bone loss rates in women i-3 years afier meno-
pause. findings which arc comparabic to those of Guthre
ct al. (12) and Ahlborg et al. (48}, who studied bone loss in
relation to menopause in a longitudinal study of more than
16 years (heaithy volunteers).

Tracking of a characteristic is defined as the ability to
maintain the same position within a distribution over time
{49, 50) or as the ability to predict future values from carlier
measurements (513 As such, the term “tracking”™ is used to
describe the extent of predictability or relative constancy
that a measurable characteristic may have in a group of
individuals over repeated observations (52). A number of
methods may be used (53), and we used both the Pearson
correlation coefficient and the comparison of quartile posi-
tion between the two studies. Our findings arc comparable to
the findings of Sowers et al. (17) and Ahlborg et al. (48} and,
therefore, supportive of those of Gilsanz and Nelson (54),
who indicate that the morphologic traits that contribute to
the strength of bone track throughout life. with values re-
maining in the same position relative (o population percen-
tiles. The high degrec of tracking also indicates that one
bonc mineral density measure expresses & person’s bone
mineral density level and. as such. supporis the notion that,
except for patients with cxpected rapid bone loss or on bone
mass treatment, there are rarely indications for frequent re-
peated bone mass measurements (35--39).

Notwithstanding the high degree of tracking. there is in-
terindividual variation in bonc loss cstimates illusirated
through botk the confidence intervals and the distribution
of participants into different “loss groups.” As we used the
notion of “minimal detectable difference.” persons Josing
more than -3.14 percent annually at the distal site were
identified as ““fast losers,™ 1 percent of the women not using
HRT. In the study of Sowers ¢t al. (17}, 30 percent of women
aged 35-80 years lost at least 2 percent annually: the equiv-
alent rate in our study would be 12.5 percent. We found,
however, as did Sowers et al. and Nguyen et al. (60), that the
rates of bone loss were not generally associated with base-
line bone mineral density {or quartile positions).

Am J Epidemiol 2006;163:441-449

In conclusion, our study is one of the first to describe bone
mineral density changes in a longitudinal, population-based
study comprising both sexes from the age of 45 years to well
above 80 years. The frequency of fracturcs appears to be
increasing in many counirics (61), but the incidence of frac-
tures varies {62). The Scandinavian countries, together with
North America, have the highest incidence of hip and fore-
arm fractures in the world {63, 64). Evcn if the study rep-
resents a northern population, the observed bone loss tates
are not greater than those observed in other comparable
populations.
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Abstract:

Background: Determination of bone mineral density (BMD) level and changes
requires high-precision densitometry techniques. BMD measurements from
different densitometers are not easily comparable. The purpose of this study was
to investigate the agreement of densitometry between two types of densitometer
phantoms and human measurements.

Methods: Bone densitometry was performed on the distal forearm with five
simifar SXA-devices on 17 persons with a wide variation in BMD level, bone size
and body mass index (BMI). Each person was measured three times after full
repositioning. Repeated measurements were also performed using equipment
specific aluminium forearm phantoms {AFP) provided by the manufacturer, and
the European forearm phantom {(EFP) of semi-anthropomorphic calcium-
hydroxyapatite. Data was analysed by pairwise comparison between
densitometers, in addition to metaanalyses of the pairwise difference.

Resuits: One of the five densitometers measured at a higher level than the other
four densitometers. Compared to AFP, there was better agreement between EFP
and in vivo measurements, but EFP tended to overestimate the difference between
the densitometers measurement level.

Conclusions: In vivo measurements remain the most valid tool for detection of
densitometer differences. Densitometer performances are better captured by
phantoms of calcium-hydroxyapatite than by alaminium phantoms. For follow-up
and comparative studies, phantoms of calcium-hydroxyapatite are recommended

for daily guality assessments.

[



Introduction

Osteoporotic fractures constitute a major health problem with substantial
morbidity and costs {1;2}. The causation of fracture is complex, but bone fragility
is an important contributor to fracture risk [3]. Bone mineral density (BMD) is a
good surrogate measure of bone strength [4], and a strong relationship between
BMD leve! and the probability of fracture has been documented [5]. Fracture risk
differ between populations [6-8], but there are few studies comparing BMD levels
across populations because the measurements are not easily comparable. BMD
ievels may vary as much as 18% between densitometers from different producers,
and 5% between densitometers of same make and model [9]. Differences large
enough io be clinically relevant may therefore occur even among devices from the

same manufacturer [9].

Comparison of BMD measurement between populations is usualily done by cross-
calibrations of densitometers to a common scale by using standardized phantom
measurements. This is a poorly documented praxis, and it is gencrally agreed that
in vivo cross-calibration is the best [10;11] representing the gold-standard for
calibration. Cross-calibration based on human measure nents alone provides
equivalency amoeng the instruments in use, but could imply a lack of accuracy as

we do not know which mstrument is closest to the true value.

Conflicting resulis have been reported by the few studies comparing human and
phantom measurements. Genant, using the European Spine Phantorn (ESP),
concluded that in vive and in vitro were cornparable [10], and so did Pearson

using ESP, the Bona Fide Phantom and the GE Lunar Aluminium Spine Phantom



[£1]. Bieke, using the ESP and the Hologic Phantom, found however a significant

mismatch between in vivo and in vitro cross calibration results [12].

Peripheral BMD measurements are associated with fracture risk at both peripheral
and central sites {5;13-15]. Single x-ray absorptiometry (SXA) of the forearm has
high precision, accuracy, ease of use, low radiation doses and moderate cost [16-
211. Iz & six-year longitudinal study, using two SXA devices, quality assessment
procedures indicated that two types of phantoms identified changes in
densitometer performance differently. The European Forearm phantom (EFP)
(QRM-Germany) predicted BMD changes observed in 2 large population sample,
whereas the equipment specific Aluminium Forearm Phantom (AFP) did not [22].
The aim of this study was to compare agreement between (wo phantoms (EFP and

AFP) and in vivo densitometry of the distal forearn in a cross-calibration study.

Materials and methods

Study design and materials

The Norwegian Epidemiological Osteoporosis Studies (NOREPOS) comprise
four large population-based multipurpose studies in the cities of Oslo (the Oslo
Health Study, HUBRO, 2000-2001), Bergen (the Hordaland Health Study, HUSK,
1998 — 99), Tromsg (The Tromse Study/Tromse Osteoporosis Study, TROST,
1994-95 — 2001} and the county of Nord-Trandelag (the Nord-Trendelag Health
Study, HUNT, 1995-1997) [23]. In 2003 the five SXA-devices (DTX-100;
Osteometer MediTech, Inc., Hawthome, California} formerly used in TROST [24-
26], HUNT [27] and HUBRO [28} were brought together for a cross-calibration

study.



Volunteers were recruited among employers at the University of Tromse (UiT@).
In order to represent a wide range of characteristics which could influence BMD,
initial selection of subjects was based on age, height, and weight as surrogates for
bone mass, bone size and BMI. 20 participants underwent a preliminary DXA
examination of total hip and were included into the study according to variation in
BMD levels and bone size measured by DXA (total hip) and variation in BML
The chosen range of variation was provided through a large population sample
(TROMS@ V) with use of the three tertiles within the borders of the fifth and 95
percentile in the upper and lower part of the distribution. As displayed in Table 1,
we had a total of 9 categories, and participants were included until a minimum of
3 participants fitted into each category. Each participant contributed to three
categories. Finally a total of 17 participants were included into the study.
Informed consent was obtained from all participants. The regional Committee of
Medical Research Ethics recommended, and the Norwegian Data Inspectorate

approved the study.

Human measurements

Bone densitometry was performed at the distal and ultradistal forearm sites on the
five similar SXA-devices of the non-dominant arm. The distal site includes both
the radius and ulna from the 8 mm-point (the point at which the ulna and radius
are separated by 8 mm) and 24 mm proximally. The ultradistal site includes only
the radius and stretches from the 8-mm point up to the radial endplate. Each of the
17 participants had three measurements done on each densitometer with full
repositioning between each measurement. One trained technician performed the

BMD measurements from the same protocol formerly used in NOREPOS sub-



studies {28]. All scans were reviewed and reanalysed according to a rigorous
guality control protocol [29]. Only measurements from the distal site are

presented as the ultradistal measorernents followed the same pattern.

Phantom measurements

From November 2003 to February 2004 measurements were performed regularly
on all densitometers with the equipment specific AFP provided by the
manufacturer, and the EFP {30-32] which is a semianthropomorphic phantom,
comprising three hydroxyapatite bone imitations with different densities within
the human range, 0,662 g/em? (high), 0,415 g/em?® (medium) and 0,314 g/cm?
{low). To keep the EFP in position for SXA measurements, a device was specially
constructed in plastic. All EFP scans were analysed by the same person according

to protocol using the special caleulation option in the densitometer’s software.

Statistical analysis

Short term precision error (o } for each device with 95% confidence interval was
estimated from the repeated measurements of the individuals. Coefficients of
repeatability (CR) for each device were calculated by cr,, =196-47 -0, . We expect
95% of all differences (in absolute value) between two measurements on the same
individual at the same machine to be less than the machine’s CR value. The

precision error is expressed by standard deviation and CV.

Evaluation of agreement between pairs of devices was performed by Bland-
Altman analyses of the In vivo measurements [33]. Differences between means

did not vary systematically over the range of BMD values and normal distribution



assumption was valid, no transformation of the original data was necessary. The
smallest detectable differences (SDD) [34) comparing measurements from

machine 1 and machine } were calculated by the
formula: DD, ; =1.96- /6, + &, . The SDD is an cstimate of the magnitude of

inter-machine differences (absolute value) which is likely to occur when the same
mdividuals are measured by two different machines. Computing an interval of
length SDD around the mean difference in BMD between the two machines
considered gave the limits of agreement (LOA) which cover about 95% of the
differences observed on the actual material, If the interval is small enough and has
no clinical importance, the two devices being investigated may be interchanged

[33].

A meta-analysis approach was used m order to make a statistical comparison of in
vivo data and phantom data with respect to the ability to identify differences in
mean BMD between pairs of densitometers {35;35]]. Difference in mean BMD
between two densitometers was scaled or standardised by the pooled standard
deviation from the repeated measurements for each individual in the in vive
material. The standardised mean difference expresses the size of the machine
differences for cach individual relative to the variability observed for each
individual. Hedges® adjustments to correct for small sample bias were applied to
the standardised difference in mean BMD {35}, Further the standardised
difference in mean BMD between the two densitometers were weighted by the
inverse variance method giving a pooled estimate of the difference in mean for all
individuals in the in vivo measurements. The weights used in the inverse variance

method are the reciprocals of the squared standard error of the standardised



difference. This method minimises the variability of the pooled estimate [35]. The
pooled estimate of standardised difference in mean was calculated for all 10 pairs
of densitometer based on the in vivo measurement. A similar procedure was
applied on the phantom measurements. Finally the pooled estimate of
standardised difference in mean of human and EFP measurements were compared

by a Student T test.

Results

Human measurements

Seven participants were male, and the mean BMD level of the 17 participants was
491.3 mg/em® (SD 90.6 mg/cm?), with a range of variation from 269 to 619
mg/cm®. The mean bone size was 34.7 mm?® (SD 4.03 mm?), with a range of
variation from 29.0 to 42.0 mm?®. The mean BMI was 26.08 kg/m? (SD 3.21
kg/m?), with a range of variation from 22.2 to 34.2 mm?. BMD levels measured by
the different densitometers are displayed in table 2 and the BMD differences from
pair wise comparison between the densitometers in table 3. The measurement
levels of four of the densitometers were similar, the mean BMD difference
varying from 0 to 2.25 mg/c®. The fifth densitometer, SXA 3, reported BMD at a
higher level compared to the other densitometers, with a mean difference varying

between 5.53 and 7.78 mg/em? (table 3).

Phantom measurements
Descriptive statistics from the phantom measurements according to the different

densitometers are displayed in table 4. The AFP measurements indicated that



SXA 1 and 2 measured at an equal, but lower BMD level than $XA 3, 4 and 5.
The AFP did not “recognise” SXA 3 to measure at a higher BMD level than SXA
4 and 3. The EFP measurements at the low density level, followed the same
pattern as AFP. The EFP measurements at the mid density level, indicated a
greater variance in BMD level between the densitometers, with SXA 3 measuring
at the highest density level. The EFP measurements at the high density level,
indicated, as the human measurements, that SXA 3 measured higher density.
Although the mid and high density level reflected the densitometer differences
measured in vivo, some heterogeneity in the estimated differences among the

levels of the EFP phantom were present.

A presentation of the pooled estimate of the standardised difference in mean for
cach pair wise combination of the densitometers based on human and EFP
measurements is shown in figure 1 and table 5. The figure iilusirate what is also
seen in table 5; the human measurements ndicated different measurement levels
only in the densitometer combimations mvolving SXA3, that is in four out of ten
combinations. The direction of the differences was captured by the EFP in all four
combinations, and by the AFP in three of four combinations. There were six
combinations where the human measurements indicated no difference between the
densitometer’s measurement levels. The AFP indicated that the measurement
ievel differed in five of these six combinations whereas the EFP followed the
patiern of the human measurements. The differences between densitometers
captured by the EFP followed the direction of the differences indicated by the
human measurements in eight of 10 densitometer combinations, the differences

were however overestimated in two of the combinations involving SXA 3 (SXA1-



SXA3 and SXA2 - SXA3). From the tables and the figure we can conclude that
the differences in densitometers’ measurement level in direction were generally
captured by the EFP, the magnitude of the differences however tended to be

overesiimated.

Comparison of in vivo data and phantom data

Results of the meta-analyses are presented in table 3. The phantom measurements
showed differences between all pairs of densitometers, while in vive
measurements identified significant differences for 4 out of the 10 pairs using 5%
significance level. Comparing the pooled standardised mean differences estimated
by in vivo data and phantom measurements showed that even if significant
difference between pairs of densitometers are detected by each data set, there are

significant difference in magnitude.

Discussion

In this cross-calibration study there was a better agreement between EFP and in
vivo measurements compared to AFP. The EFP measurements followe.d the
direction of the human measuremients, however tending to overestimate the

magnitude of differences in measurement level.

The strength of this study is the possibility to compare phantom measurements
with human measurements (or in vivo} from a wide variety of BMD levels,
measurements over a nurmber of days giving the opportunity to estimate

repeatability, and measurements of all densitometers performed by the same
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technician and location [11}. Initially we planned only to see how weil the EFP
reveated possible densitometer differences. As the results of our longitudinal
study indicated that the EFP and AFP measurements predicted densitometer
differences differentty [36], we alsc included AFP measurements into this study.
Because that was not planned initially, we only had daily AFP measurements
available. Ideally the AFP measurements should have been performed in the same

manner as the EFP measurements.

Genant ct al tested standardised phantoms (the ESP, the European spine phantom
prototype, the standard phantoms of Hologic, Lunar and Norland) with respect to
similarity of resuits compared to humans on three types of DXA systems and
concluded that area, BMC, and BMDD values obtained on the three different
systems were not directly comparable. The ESP demonstrated data that were very
close 1o the patient data. After applying standardization formulas, the absotute
average differences in patient’s BMD between the three systems were
significantly reduced [10]. Pearson ct al compared three types of phantoms used
for cross-calibration with in vive cross-calibration (the Bona Fide Phantom, the
ESP and the GE Lunar Aluminium Phantom) of two DXA systems, and reported
no significant differences between the in vitro and in vivo calibration. The Bona
Fide Phantom performed best compared to the human measurements, although the
in vitro cross-calibrations were not significantly different from one another {11].
Pearson emphasised the importance of collecting data over a period of time to
include day to day variation in densitometer performance [11], and recommended
the ase of calcium hydroxyapatite phantoms for cross-calibration of different

DXA systems.
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In a longitudinal study where a Hologenic QDR-2000 was upgraded to a QDR-
2000plus, the new scanner was carefully cross-calibrated with the Hologic spine
phantom, which is anthropomorphic in shape, and composed of calcium
hydroxyapatite, but only represents a single density level [12]. The accuracy of
this cross-calibration was checked by in vivo scans of patients in addition to the
ESP. Blake reported that the in vivo study showed a significant mismatch between
the two systems with systematic errors exceeding 2% at five out of 10 scan sites
studied. The results from the ESP lay closer to the in vivo data than the Hologic
spine phantormn, but stil! the mismatch revealed was greater than anticipated. Blake
therefore emphasised the importance of performing in vivo cross-calibration
studies whenever DXA systems are replaced. The full explanation of the
difference between phantom and in vivo cross-calibration between two systems is

not clear [12].

Our study is based ont SXA technology, but our findings are in concordance with
Biake’s; even if antropomorphic phantoms perform better than aluminium
phantoms, in vitro cannot fully replace in vivo cross-calibration. The implication
of our findings is, as other authors have concluded, that clinically relevant
differences in measurement level may occur between densizometers of the same
make and model {9;37]. In cross-secticnal, single - or multi-centre studies, using
different densitometers, in vivo cross-calibration still remain the best option to
secure comparability of human BMD measured on different densitometers. If in
vivo cross-calibration is not possible, like in longitudinal studies, in vitro cross-

calibration with antropomorpic phantoms can replace human measurements, but

12



one should be aware of influence on precision. Important differences in
measurement ievel between densitometers, as well as changes in densitometer
performance (due to maintenance, upgrading, long term drift etc) 138}, might not
be detected by aluminium phantoms, which are the phantoms provided by the
manufacturers and usually integrated into the daily scanning procedures. In
longitudinal or multi-centre studies where in vivo cross-calibrations are not
obtainable, we recommend daily measurements with anthropomorphic phantoms
of calcium hydroxyapatite in tissue-equivalent plastic on all participating
densitometers in order to evaluate the stability of and differences in measuring

levels of densitometers.

This study was supported by grants from the Norwegian Foundation for Health

and Rehabilitation, Norwegian Osteoporosis Association, the Research Council of

Norway and AstraZencea, Norway.
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Table 1. Categories for inclusion of participants to the SXA cross-calibration study,
the Norwegian Epidemiological Osteoporosis Studies

BMD totat hip Bone size BMi
{g/em®) N¥ (mm?) N¥ (kg/ m?) N*
0,680 - 0,861 4 298335 5 20,7 24,5 3
0,862 — 0,995 8 33,6-374 8 246282 4
0,996 — 1,202 5 37.5-42,6 4 28,3 34,1 3

* A total of 17 persons included, one person could contribute to more than
one category.

Table 2. Results for 5 SXA densitometers in vivo. BMD at distal site {mg/em®) of 17 subjects

with 3 repeated measurements, the Norwegian Epidemiological Osteoporosis Studies

Machine Mean G, CV (%) 95% Confidence Coeflicient of

m ;=13 BMD (short term interval of &, repeatability
(mg/en) precision (mgfem?) (CR): )

error) 19626,
(meg/cm®) {mg/em?)

SXAl 491.08 5.84 1.2 % 497, 8.31 16.19

SXAZ 48992 4.57 0.9 % 3.89,6.50 12.67

SXA3 496.601 4.16 0.8 % 354,592 11.53

SXA4 489.92 2.99 0.6 % 2.54,4.26 8.29

SXAS 488.82 5.20 1.1% 442,739 14.41

All machines 49127 4.65 0.9 % 3.91,4.75 12.89
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Table 3. Pairwise comparison of BMD {mg/cm?)} differences in vive. Mean BMD, SDD
(Smaliest detectable difference) and LOA {Limits of agreement) for 17 individuals with 3
repeated measurements, the Norwegian Epidemiological Osteoporosis Studies

Pairs of SXA Mean . 22 SPD LOA
machines difference 7o Ty Tm " T,

my, L= Lower Upper
SXAl-SXA2 i.16 741 14.53 -13.37 15.65
SXAl-SXA3 -5.53 717 14.05 -19.58 852
SXALI-SXA4 1.16 6.56 12.86 -11.70 14.01
SXAI-SXAS 2.25 7.82 15.32 -13.06 17.57
SXAZ-SXA3 -6.69 6.18 12.11 -18.80 542
SXAZ-SXA4 0 546 10.70 -10.70 10.70
SXA2-SXAS 1.10 6.92 13.56 -12.46 14.66
SXA3-8XA4 6.69 5.12 10.04 -3.35 16.73
SXA3-SXAS 7.78 6.66 13.05 -3.26 20.83
SXA4-SXAS 1.10 6.00 11.75 -10.65 12.85

Table 4. Descriptive statistics (mnean + sd) of phanfom measurements {mg/cm?) where
n=number of repeated measurements, the Norwegian Epidemiological Osieoporosis Studies

Phantom True SXA SXA SXA SXA SXA Precision
BMD Machine 1 Machine 2 Machine 3 Machine 4 Machine 3 gpor &
(=37} (n=37) (n=37) (n=37) (n=37) (mg/om?)
EFP 3i4 288.1+£23 286,620 2907+1.9 2902+ 1.9  2909x25 212

415 3955516 392116 3985121 3945520 397723 1.86
662 632.1+24 632441 6373315 6318+ 18 6315+ 19 250

AFP (BMC= 3926217 3922%17 3945+1.1 3944212 3953208 123
3.5358) (n=i3) (a=11) (n=13) (n=12) (n=12)




Table 5. Meta-analyses of pair wise differences in BMD {mg/cm?). Pooled cstimate of the
standardised difference in mean , 95% CI of the pocled estimate and Student T-test statistics

testing inequality in machine difference identified by in vivo and EFP measurements. In vivo
measurements of 17 individuals and phantorn measurements
at 3 levels, the Norwegian Epidemiclogical Osteoporosis Studies.

Pairs of SXA Pooled 95% Ci of pooled T-test statistics  Two-sided
machings estimate of  cstimate (In vivo-EFP}  p-value
standardised
difference in Lower Upper
mean
SXAL-SXAZ  Invive 0.30 -0.20 0.80 -5.4 <(.001
EFP 1.14 0.77 1.52
SXAL-8XA3  Invive -0.79 -1.33 -0.23 311 <0.061
EFP -6.54 -7.24 -5.84
SXA1-8XA4  Invive 0.01 -0.46 0.47 2.9 0,010
EFP 042 0.08 0,76
SXAL-SXAS  Imvive 0.13 -0.35 0.60 2.5 <0.001
EFP -1.29 -1.67 -0.91
SXA2-5XA3  Imvive -0.86 -1.40 -0.3t 40.4 <(.001
EFP -8.53 -9.42 -7.64
SXA2-3XA4  Invivo -0.10 -0.62 -0.43 53 <0.001
EFP -0.96 -1.38 -0.55
SXA2-8XA5  Invivo -0.25 -0.78 0.27 25 6.023
EFP -0.66 -1.10 -3.22
$XA3-5XA4  Invivo 1.38 0.78 1,58 -4.2 <0.001
EFP 2.16 1.71 2.61
SXA3-3XAS  Invivo 1.02 0.49 1.56 L5 0.153
EFP 0.78 0.44 1.1z
SXA4-SXAS  Invivo 0.15 -0.31 0.61 87 <0.0601
EFP -1.09 -3.00 -0.98
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Fig 1. Pooled mean differences for all 10 pairs of densitometers. in vivo data, EFP

measurements and AFP measurements, the Norwegian Epidemiological Osteoporosis
Studies
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Hryss av for “Ingen” hvis ingen av stekiningene har hall sykdomines.

Hiarnaslag eifer h;ernebisu'ﬂng
Hierlginfarkt tar 50 ars alder .
Kransykdsm o
ﬁu‘,ftbodér'gkk‘.. e e
Astma
Benskipr het msieurnmse; .
Sittasieqikt (arrose)...
Psyiiske plager.....
Aldardomssigvhet

uuguuuuLLL

AR R WY I T T 3 0
L) N W o WY O Y

2] I ) S W % -

Diabetes {sulckersyke} . .
- alder da de tikk
P dishetes. . ... L. .

. Hoster du omtrent dagiig | periader av &ret? s

Hyis "da™ _
£r hosten vanligvis ledsaget av spesayli? . oe

Har i hatl slik hosle sa lenge som ien
3 méaneders periode 1 begge de to sists &7 o

. Har du hatt episader med piping Phrystet? e

Huig "Ja", har delie oppsigih
Seit et kryss for hert sgars;?zé;’,
Om natlen.. . R it
Yed luﬁue;sm'{eks;ﬁner e
Ved fysiske anstrengelser .. o
Ved slerk kulde. .

 Har du merket anfail med plutseiig anﬁ’rmg

| ipuisen eler klederimen sisle &7 . . e
| Hardygattned tvekisiste dret? . e
Hyig "da™

Hvor mange kilo?

Huar glfe gr du plaget av spynipshel?

Aldri, eiter noen #2 ganger [8ref. . ...
1-2 ganger i maneden.. . . o
Smirenl 24 830G L UKEM. e e ik
Merennanpgangioken . .

Huis du er plagel av spvnioshet | perieder,
| ndr pa fret er du mest plagey?

ingen spesiedf tid.. . ... .. ..
Sarlig t merketiden .
Sariig | midnatisoliidan . . . ISR
Serlig vAr 68 BEST L

; el Lit

¢ By odu plaget av

© Svimmelhet SR RN S
Barlig hekemmelze ... 3 3
Kraftigshet. .. ... ... ... ...
Forsteppelse. . . . .. oz ad 3

L

.

LY W] 0 O

i‘!il.. Far Bror Sester Sarn ‘HQEH

kg



Hender del 2t fanken pa & fa atvorlig sykdom

nekymrer deg?
fkke i detheletal N SR |
Bareifllengrad. . . .l
En gal e e e 3
Ganske mye ... o e o
S,

.

Klarer du seiv disse gipremaiens | det

daglige ulen hislp fra andre? h
B4 innendgrs | samme elesie
Gz jirapper . ... ...
Gigtenders
G4 ga. 500 meter
B4 pd toalefiel o
Vaske deg pa kroppen . .. .
Bade eiler dusie ..
Klepdogavden. . . . .
Legge deg pgsiaopp. . . .
Spise seiv..
Lage varm "mi
Gigre lelf nusarbesd (! ek> srwask;
Gigre tyngre husarheid (f.eks. gulwask; .
GIpre WONKEED oo
Tahussen . oo

e,
&
=
B
&,
=
&
o
ol
]

LU DO L U DL L

Kan do here vaniig {alg
{evi. med hgreapparal}? . . . . oz
Kan gy fese (avi. med brilien? . 5

SORK s
Hrykke. . .
Gaste! {rullator)
Ruilesiai .
Horeasparal .
Trypgheisaiarm.

Huor mange ganger ber du sisie drel, pé grumn av
ausn heise elier sykdem, vait:
Belt § fvis du jfke har half siik kentail
Hos vanlig legeflegeeald. . 5
Hos psykolog elier psykiater . .

Aniali ganger
siste ar

Hos annen legespesialist nienipr svkehus
Papelikdimilde
Innlagtisykehus ..
HOS BSIGIETAIBUL e oo o
Hos kiroprakior e e B
Hosekopunlder
Hosfanslegs o o i

Huy fefierapeut . -
Has naturmedisi ﬂerhafrs;}pa; SEB“iBIEgEI s.l 1
Hos handspdlepger, synsk eiler"leser” ...

Har du hismimehisip? Ja  Hei
Privat.. . .. EXCIRNN
Kommunai S S

Har g hiemmasvkeplsie? T S

Fsler du at du hav nok gode venner?

. £y du forngyd med heise- 9g
. hiemmetjenesten i kgmmunen? Ja fiel Vet

ikke

Prinsippet med fastisge .. ...
Hiemmesykeplsien
Hipmmehjelgen .. .

{
o

= s
3 3
G

i
L

Er du trygg pa at du kan {2 hjeip av helse- 6

hiemmetienesien hvis dit trenger gef?

ikke trvgg.

Svert ubrvgg.. ..
Vel ikice .

¢ Har du det siste dref periodevis brukl noen av de
. fgigende midler daglic eller nesten daglin?
! Rngi hvor mange maneder gy brukie dem.

L Sel § buis gu fhke har brukt midiepe.

i Legemidler

: Smertestiilends | R I
SOURINEBISIT e

Beroligende smidler. . . e
Medisin mst deprasjon . .ol
Allergimedisin .
Astmamedisin .. . .
Hjertemedisin ¢ H:e hm{iizykksmemsm; IO S 11 |
insulin .

Tabieﬁer mat maheies hukknrsyke}
Tabletter mot lavt stofiskiile [ihymxm)
#ortisoniabletter. et e e ree e
Midier mot forstoppelse L

. Restiitskugd

Jerntabietier. | . e e T2
Uitamin D-tiskudd . .

Andre vitamintilskusdd U el
Kaikiabigtier eilet beamel .. . . - rnd.
Tran elier liskeotjekapsler . .. mpd.

Har du nazr famiiie som kaa gi deg ﬁ;eip da Hei
. opsipile nardutrengerdet? ... ow Wb

Hvis “Ja™ Hvem kan gi deg h;ezp?
Ekiefelie/sambosr .

BEIT oo e e e

Andrz .
Hvar mange gode venner hat du som du kan snakke gods
¢ foriralip med og gi deg hielp nar de trenger det? __venner

Telf ikke med dem du bor sammen med,

¢ imen iz med andre sigkininger!

Ja Mei
s wd

| Feler u af du harer med i ef feltesskap {gruppe av
+ mennesker} som stoler pa hverandre ag feler forplikicise
. wverfor hverandre ({.eks. | politisk partl. religies gruppe.

slekl. naboskap, arbeidsplass eller organisasjen?
Sterk tithgrighet . ... ... . . e s

Meoe tilharighst O
Usikkert. . -
Lilen elier ingen i!!hﬂ?xghe* w2



Hyor offe tar du vanligvis dei 1 foreningsyirksembiel sem
I.eks. syldubh. idrelsiag, politiske log, religinse
gller andre foraninger?
Algd, eiter npen 13 ganger | aret
1.2 ganger | mdneden
Omirent en gang i gken .
RMer ang g0 gang | sken

Huardan trives du med & ol gdmmci ait i alt? _
Ganske bra. . . .. ... ... .. g

Hyordan ser gu pa livet ramaver?

Lyst ..
Hypr mange maitider spiser du vantigyis daglig © O fkke 34 verst. e
{midday og bradmatid]? e+ Hoksz helyrorgl

Hyor mange gangsr i uken solser du varm middag? o

Hua slags type brad tkinpt eller hjgmmabsk!) spiser de
yankigyis?
Fatt it eller o feyss. Loft  Tiat Kneipe Grov-  Knelke-
brad  Bred  begd  brpd
- - ‘J " Hver gammel var du da du Hkk menstruasion

CoErste gang? o et _ar

5

Brodivpen ligner mest pd; 3

Hva slags fel biic Hi vaniigvis broki 81
matlaging (ke 03 Bfﬁdax} i din hx;shaidﬁmg?
Hlejgrismar.
Hard margarin. e
Bipt (S0l margarin.
Smar/margaria bfanimg
Oifer

Huar gammel var du da menstruasionsn siutiel? s ar

Hver mange barn har de {gdi? . . BT barn

Hvor mye {F antall glass, poleter elier hradskiver) spiser/drikker ~ ¥iS 84 har fadt, fyll utfar hven barm barets
du vanligvis daalio av folgende matvarer? . ipdselsar og omirent antall maneder du ammet harael,

Hryss av for alfe malvarens. mgaw Winde 12 3oy Hvis 6 hav fndt mer san § barn, notsr todseisér og antall maneder
- mer med amming lor éem nederst g3 siden.

ek alle sarter (glassy . e 1 g Bara: Fodsaisar Antail naé;;gder
Agpsisinjuics (giass} ] A . el siing:
Paotsler. . - B . O R | *
Brodskiver totalt (inkl, knekkebrng) . 3 4 o 4 2 S
Grotiskiver med 3 e
- fiskepdlegn {fske. makesllftomaty 3 & 1 3 % e —
- gutast : : i S D 3 —
—kaviar o :1 90 TS S i

Hyor mange gangset i uka spiser du vanliguis . Har du | forbindelise med svangerskap

iglgende matvarer? . hatiigr hagﬂ siodiykk ag,!eu&r egyahwtﬂ Js  Hei

Kryss av for glig matusrene. . {nrotein) 1 arinen? a0

Bjsldnere 204 - "
Aldri eng i 1 mer | HisSJa®, §hvilkel syangerskap? Svangerskag

Yoghurt .. L 3 g T i ) Farsie  Senare
Yokt aller siekiegg " =5 oy - fo; hﬁ}f_t_iﬂpdt;yké. wd
FrsknsihIaﬁdmgmcwegrgn ot 5 7 d £0mehviis FHReN ... i ok
fiddag med
- rant Kjgth... sk 4 o i
~ it isk {1eks. iakspuer)... - 3 Briker du, edler har du brukd. ssiogea-medisia?
— mager fisk {f.eks. torsk) . w wl it L Ha  For Aliy
~ grstnsaker (rd efler kolde) ... 3 ;_i aJ < Tableperserplaster.. ... .. . N T |
Guirstter (ra ellevkekie) . .. . % A Kremesllerstikkpiler . SR B S |
Blomkalkalfrokicell .4 S
Falarjoarer . ) T i 7 Ty ¢ Huis du broker gsivogen, hvilkel merke Druker gy na?
Appelsingr, men{iarmers f vk | - a4

i Dine kommeniarer

Talkk for i:jﬂfpem Husk & posilegye sk;em&«! idag!










B3 Vdanih

Ak

ey

1,

T

o



i.2

22

Hvordan er helsen din nad? (Sel bare alt kryss)
Dé&rlig God

s BE

ikke heil god

Har du, eifor har du hatt?:

Aslma.......

HEYSAUL oot e

wronisk bronki¥emiysem,

Diaseles (SURKBISYRE . oo, L1 [
Benskjorhet [osleoporose} .. ... j :j

£
1

Fibromyalglkronisk smertasyndrom ...

L1
0

Psykiske pisger som du har sokt hislp for

Hietalnfzrkl,, e

(£

£l
Ll

Angina pecloris (herlakrampe)...

e

Hiermesiag/hjernebindning .o,

JA
Har du merket anfait med plut sehc entiring i -
pulsen ailer hjarterytmen s . oo

Far du smerter elinr ubahag | brystet nar gu:

(%

(3&r | bakker, trapper aller for! pa fiat Mark? e,

Fvis du far slike smerter, pleler du da 3¢

Steppe? Foriselle | semme taki?
3
By i3

‘ JA

Dersem du stepper, forsvinner smertene da .
etter mindre enn 10 minuiter? ... [T 3
JA
™
Han slike smerter opplre selv om du ar § ro? i

Har du vaert plaget med smerter ogfeiter stivhet
{ muskier ogiedd | lopet av de slste 4 shene?

{Varighet angis bare Rvis dy har hall plags ar) Varighet
fike  Endel St irnlil 2 pka
plagal  plage!  plaget adar mos

Z Uker
Makke/sialdra

&

Armer, hender ...

O -

oo 0
Ovre del av ryggen ... :} D i__j D
Horsryggen .o ... m D [:] :
Holtar, ben folter ... I [ :E i
Andra steder g @ 1_? 1‘;

Har du noen gang haty;
Brudd | héndleddiundararm?

Larhalsbrudd? ...........

Svaart god

-

b

0

I

nee av dette den siste vken (1 og med | dagj’f
(Selt ett xryss for hver pfagel

Flutseig fryit uten grunn..

Matiha! eller svimmethe! .

710

Foler deg anspent eller oppiaget. ...

P

Lelt for & kiandre deg salv..

-]

SEUaRICBIGIMIE! oo et e,

o]

Medirykt, ogsindige. .o

}

{
Do oor

Felelse av 4 vaere unyltig, fite verd . .

Folelse av st alt eret slit e e

tleise av hipisshet mhi framlida ,.........

S En N
-

4.1 Hver mange ganger de gista
{Seti ot fryss for hver linja)

Admennpraktiserende lege

BAdiEE02 e e |

Paykaioy ellar psyRiaier.. o, |
{onival eller 53 polidinikk)
Annen spesialist (privat eller pd pafikinidk)

Legevaki (privat sllar ofeniligle . |

3.1 Under linner du en Jiste ever wiike problemer. Har du opplevd

GEansh,

mya

ar diy selv brokt:
15 < el

Sykahusinnlegaelss v e ___j
Hiermesvkaniela e P

FYSoleran2 el o e

Kiroprakior ..

8.1 Hvor lenge her du samiet bodd § fylke(?
{Sett G Avis mindre enn at hatvl )

5.2 Hvor lpnge her du samist bodd | kemmapen?
{Sell 0 hvis mindre enn of Rajv! an
5.3 Hvar bodde du det meste av tiden for ¢

(keyss av for gl elternativ og spesifiser)

RHE

U fylte 18 207

Sammae kommune

Annen Kommune
FRdKat, e

]

i Fvilren:

{

. ™ e
Annel fvlke | Norga . 1 jz Hvilkel!

snifor Morge . . :|< Land:

A Mar du fiytiet |

[t

iopai av de siste iem arene? i

tei

Ja. #a gang Jg, fiere-

ih O

anger

6.1 Ansld din vekt da du var 25 ar gammal:

[



7.7 Hvor offe spiser du vanligyls disse maivarens?

b
83

{Selt off kryss pr. linfe} Seld 3 gs 2 G
Friskl, BIOT v @

L

L
st falfe vperh........... l:
L

POIElRr e

Kokle grennsaker ... D

R2 grennsakersaial ... |}

Feil fisk ffeis. faks, [
ol makrel, sikd; H

Ryva slags felt bruker du oflesi? (Seft elf kyss pr. finfe)

Bruker  Melori- Had M
i#

Sufu)

3 4 5

A0S PLIGRET Annet
Pa brodet ... 0 U O
| mailagingen L E Ui
1 7 3 4 s €
Bruker du folgende kosttilskuds:  odagic b hioi
- . . 3
wan, rankepsler, fiskeoliekapslor?. ... ﬂ L D

8 bt C

Huor myae drikker du vanligvis av (pigende?

Vitamin- ogfsiter mineraltiskudz

{Sait et kryss pr linje} Sialdon talass 223 4giass
fatdii prasg hss ol mar
prdag

Helmelk, kefir, yoghurt..o.en,. | i

l

tetimelk, culturz, letivoghurt | L]

Skummat mefk SUKS0N v, £ L

1

kstra letimelk
Y e

Farrls, Ramiosa g},

P LT L3

Cola-holdig feskednkk ...

Annen brusfieskedrikk

Fivor mange keppar katfe og te drikker du daglie?  Antaff kopper

{Seti 0 for de ypene du ixke drikker dagiia)

bl

FRIBMHATTR.. 1. cv et s et e

Kokekala/lnyrkanng e e

ARNRE KR e

Te

Omtrent hvor ofte hav du { lopet av det sisle dret drukke! alkehei?

{Latiof og afkoholfritt of regnes itka mad}

ar ald Hi w0 crikkal HWosh 13 ganger
rikiat 2l i sikahod sisto &

s 1.

Z-3 gangar ca. 1 gang
M mdned T

s Oe
T dam sow bar 4 .
Mar du har drukket alkohol, hvor mange giass
elier drinker har du vanilgvis drukket? Artall

Cintremt hvor mange ganger | lopet av det siste
&ret har du drukket 52 mye som minsl 5 glass
elier drinker i lopet av elt dogr? Anlaif ganger

7.10 Nar du drikker, drikker du ¢a vanligvls: {Self eff elfer flere kivss)

&i Vin Brepnevin

I N

4

4

@

&)
[

1=
I

~

B.1 Hvor ienge er du vanligvis daglig

tistede [ roykiyil rom? Antaft hele limer

Roykie noen sv de voksne hlemme puitd
te du YOKSIR OPRT oot reeeassrerrrerriananes i 0 O

Bor du, elier har du bodd, sammen med
noen dagligroykere etter al du fylte 20 &r7 ..

[
)

SJu,nd o o tidigere Aldi

Har du rovki/royker au daglig? ...
Huis ALDRI: Hopp ti sporamdl 8

Hyis tlu rovker daglig od. yovker dus

I
&
z
b

SBIArBRET? oo e s

SIGBrer/SIganiios? . e s e e e

(|
(e

Pine?

Hvls du har rovkl daglig ligligere, hvar

lenge er det siden du slulll? Antall &r
Hvis i royker daglig nd eller har raykt
tidligero:

Hyvar mange sigaretier ravker elier royide

du vanligvis daglig? Anlail sigareller

Hvor gammel var du da du begynle &
royke daglig? Afdear | &r

Hvor mange &r 4l samman har du royk!
daglig? Anlalf ar

Hvor mange ars skolegang
har du giennomiart? Antall ar
{Ta med alfe &r du har gdit pa skole efier siudert)

Er du i innjektsaivends arbeid?
Jo g Ly Ja, deltid iz Neil.i3

Beskriv vitksombeten pa det arbeaidssiedet (avdelingen!
der du utiorte Inntekisdivende arbeid i lengst tid de
siste 12 mnd. (Feks. regnskapebyrd, ungdomsshole,
barneavy. pd sykehus, snekkerverksied, bifvarksied. bank.
dagliguvarehiandel ed}

Virksomhet:
Huis pensfonert, skev fidligers hovedvirksombel og yrke.
Gjeider ogss 6.4

Hvitket yrkedftitiel har eller hadde du pé detie arbeidssiedet?
{Foks. sekrelzar, keerer, indusifarbeider, bamepleier,
mabelsnekker, avdefingsleder, selaer. & Sor 2.4)

Yrke:

Arbelder du i ditt hovedyrke som selvstendig, som ansatt
eller soin famiiiemediem uten fast aviall lonn?

Selvsiendig Ansatt Familiemadiem
£ 0 D
Henar du at du st8r | fare for & miste diit JA NET
navarends arbeld efler Inntekt de naermeste
Mottar du noen av foigende yielser? mn I

Sykepanger (oF SYRMEIE) e e e

Alderstrygd, fortidspensian {AFPY allar
elterlaliepension e s

FRehabiliterings-/attfoningspenser .o s

Ulorepsnsion (hel elier delvis)

Dagpenger under arbeidsledighel.. i eniane

Sosialhjelp/slonad v v

00
-

Overgangsstonad for enslige lorsorgere ...



10,1 Hvardan har din fysiske aktivitet Lfritiden veert

10.2

11,

12

12.

.

.2 Hvor mange gode vennar har du?

=

dat siste aret? T

Tenk deg et ukentlig giennomsnitt for drel,

Arbeidsvei regnes som iritid. Besvar begge sporsmitene.
Timer pr. vuke

Let ekiivital ingen Lindor 1 12 5 o5 mer
{fkke sveltandpusleny........... D [3 G

Hargd lysisk aktivitet
(Sveitandousten), ...

U ]

' 2 3 4
Angi bevegelse og kroppslig anstreagelse | dia ritld, Hvis
altiviteten varierer meget L.eks. meliom sommar og vinter, s
ia et gjenncmsnilt. Spersmalat gielder bare del sisie Aral,
[Sall iryss { don ruta som passer best)

Leser, 587 pd fiernsyn eler annen
stilizsiltende beskjeftigalse? ...

g

Spaserer, sykler eller beveger deg pa

annen mats tinsl 4 Hmeri yka? e
{Her skal du ogsé ragre med gang elier

sykiing Uf arbeidsstede!, sendagsturer m.m.)

Y}

Driver mosjonsidrett, iyngre hagearheid €.0.7 e,
{Merk at aktiviteten skal vare minst 4 timer | uka)

Trener hardl elier driver Xonkurranseidret!
regeimessig oq flere ganger F ukaT. .o

Beor du sammen med: A NEE
Ekiclelie/samboer? ...

Fegn mad de du kan snakite fortrolig med
0g s/ kan gf deg help dersom o frenger det.
Teil ikke med de du bor sammen med, men
la med andre slakininger.

3 Hvor stor interesse viser fel¥ for det du gier?
{Selt hare elf kryss)

Stor
warosse

HNoe Lit Usikkert

inloressa nizressa

Lh {1 {1

1.4 Hver mange foreninges, lag, grugper,

kirkesamiunn 1. deliar du i pa frltiden? Aniail

(Skriv 0 tvis ingery

Foler du at du kan pavirke det sem skjer |
lokalsamfunnel der du bor? (Ser! bare elf kryss)
Mei

[

Ji, B del

(e

Ja. i stor grad

.

Jda, i liton grad

Cla

1 Har en elier flere av dine foreidre elier sosken JA& NE
hatl hjertelnfarkt (sér pa hiertett elier - "
angina pectaris (Werlekrampel? ... L} Q

2 Kryss av for de slekiningene som har elier har
hall noen av sykdommene: (Sett kryss for hver linje)

kng
v disse

Mor

O

Hiernesizg eller Barn
hjernebladning............

Hijerteintarkl for 80 &

ASIRE s L) L1 [ O
Kreftaykdom ... L: T:: ﬂ G irj
Diabetes {sukkersyke). D B E: G

Hvis noen siektninger har diabetes. | hvilken alder fIkk de
digbetes {hvis for eks. flere sosken, for opp den som {kk det
ddilgst i fivet):

Mors alder  Fars alder

Vel ks,
ithe akidelt

[

Anizl venner

Har ikka
fersekl

J

=

Brors alder Sosters alder Baras alder

i
3
.

4.4
135

a
o

Med medisiner mener vi her medisiner kjopt pé apolek.
Kostlilskudd og vitaminer regnes ikie med her,

—_— Ha o For,men A
o > T iy el
Bruker du? i ikkans  brakt
fedicin mo! eyt Dok e a0 .
P . - ]
Kolesterolsankende medisin ... . G J D
Rvar ofie har du | loper 2v de siste 4

ne bruki
oigende medisiner? i,
{Salt &t krvss pr. linje)
Srertastifende uter resap! ...

Smertestifiende pa resepi.........

Sovemedisin e L
Beroligende medizin.............. [

. i H
tdedisin mot depresjon ... L -
Annen medisin pa resepl.......... il Lt

2 4

For de medisinens som € har krysset av for { pkt. 73,1 og 8.
og som du har brukt i lopat av de gl

Angl navnet og hvilken grunn det ar i &) du farhar tatt
disse (sykdom sfler symptomy):

(iryss av for hvor lenge du har broki medisiner)
Mver lenge har di

brusd medlsinent
Navn pa medisinen; Grunn Uf bruk inntil | Bt &r
{eft nava pr. linfe): av medisingn: 1dr jeflerme

1

£l

i

]

() O

o

Dersom vt ko 20 Nk 21255 fos kan ou lertsalle pi SQ0t ark som dy leggar ved. -

Hvor gammel var du da dy fikk

mansiyuasjon aller forste gang? Afder i ar

Huls du fthe fenger far menstruasion,
hyor gamsne! var du da den siuttet? Alder i dr
£r du gravid ng?
Ja Nei

O O

Usiser

B

Hyor mange barn har da fog? Antatl Sam

Bruker du, eller har du brule?
(Sell elf kryss lor hver linfe)

teirt

M,

I

Fer, man ikke nd

-

L
g
i
0

P-pilia/minipilie/p-sproyie..........

Hormonspiral fikke venlig spiral)

i

Tstrogen {tablettar eiler plzster)

30

Oslragen (hrem effer stikkpitier) | ]

(-

Hyls du brukerbar bruk? resentyliklig ostrogent
Hyor lenge har du bruk! dsite? Anfalf 3r

Huis du bruker p-pille, minipltle. p-sproyie.
hormenspiral elfer astrogen; hvilicet morke bruker ¢o?










Tilleggssporsmal il helseundersokelsen
iTroms og Finnmark 2001-2002

Havediormalet med Helseundersakelsen er 4 skaffs ny
kunnskap om hisre-karsykdommer for & kunne forebygge
dem. ! lillegg skal undersckelsen oke kunnskapesn om
kreftsykdommer og piager som f.eks aliergier, smerter |
muskulatur og nervese lidelser. Vi ber deg derfor svare
pa noen spersmal om forhold som kan ha betydning for
ristkoen for disse og andre sykdommer,

Skiemaet er en dei av Heiseundersokelsan som er god-
kient av Datatilsynet og forelagt Regional komité for
medisinsk forskningsetikk. Svarene brukes bare til
forskning og behandles strengt fortrolig.

1.1 1 hvilken kommune bodde du da du fylte 1 &r?
{Hvis du ikke bodde i Narge, oppgl hvitket iand
i stedat for kammune)

1.2 Hvitken type bolig bor du i? {Sett bare et kryss)
EneboligVvilla........c o

GAMISBIUK oo e

Blokk/terrasseletighet .
Aekkehis/2-4 mannsholi ...
Institusjon/omssrgsbolig .

ARNEN BORG ..o

1.3 Hvor stor er din boenhet? fvm (brutto)

1.4 Er du plagel av: (Sett et kryss for hver linje)
ikka  Endal Sterkt
plaget plaget plaget

Fuid, trekk eller kulde i din bolig ............ 0 o 0
Andre former for dirdig inneldima ... L] 0] U
Trafikkstoy (bilrafikk eller 8y} oo, LJ L1 1]
Annen stoy (bedrifl, byggeplass el).... L] L]
NABOSIOV. oo, 0o -
Darlig drikkevant ..o 1 L C
Luttforurensning fra ¥afifX v 10 E1 [
. Fetving Ghidkel L1 T3 )
Lufforurensning fra ved-, olfigfwing, fabriked 14 1 U
1.5 Hvilket hjemmesprak hadde ding bestaforejdre?
(Kryss av for ef? effer flere afternativ)
Kvanzsh/ Annal
Norsk Samisk finsk sprek
MG oo L I . o
wmortar.... O il 0 D
FaImor. ... o0 £ i i
Farfar. .o, L 0 0 i

Opplysningene kan senere bl sammenholdt med
informasien fra andre offentiige helseregistre stier de
regler som Datatiisynet og Regicnal komité for medisinsk
iorskningsetikk gir.

Hvis du er | ~vil om hva du skal svare, sett kryss fden
ruten du synes passer best.

Det utfylte skjemaet sendes i vediagte svarkorivolutt
Porioen er batzit. P4 forhand takk for hjeipent

Med vennlig hilsen
Institutt for samfunnsmedisin - Statens helseundersokelser
Universitetet i Tromse

Hvis du ikke onsker & besvare detie sporeskiemast,
sett kryss i ruten under og returner skjernaet. Da slipper
du & Bli purret pal

Jeg ensker ikke & besvare spofraskjemast i

Do for wilvibing:

Dag Mined A7

1.6 Hva regner du deg selv som? i
(Kryss av for eit efler flere alternaliv)

Kyensk/
MNorsk Samisk linsk Annet
il O 1 o
JA ME}
1.7 Foler du a1 du her nok gode vennar? RN

1.8 Hvor ofte tar du vaniigvis del i farenings-
virksomhet som f.eks. sykiubb, idrettslag,
politiske fag eiler andre foreninger?

(Sett barg eft kryss}

Aldri, elter noen 3 gangeriaret._....... L1
1-3 ganger i MaNeden. .. ..o, e
Omtrent 1 gang i UKBA ..o, L2
MEr &N N gang i UKER . .. .ooooccoeeeereeenes L

21 Hvis du er i lannet elfer ulgnnet arbeid, hvordan
vil du beskrive ditt arbeid? (Seff bare e#t kryss)

For det meste stiliesittende arbeid?
{f.oks. skiivebordsarbeid, MOMEMIG) oo v, L ¢

Arbeid som krever al du gar mye? .
{feks skspediterarh., lett indusinard., undervisning) [ 1z

Arbeict hivor du gar og lefter mye?

{f.eks. posthud, plefer. Bygningsarbeider).... ... [ s
Tungt kroppsarbeid?

(f.eks. skogsarb., ungt fordbruksars., tung! —
e Y S I

2.2 Kan du geiv bestemme hvordan arbeidet ditt {lonnet
eiler ulonnet) skal legges opp? (Sef bare eff kryss)

Nei, lkke | det hele fatt . NI
PHen grad. e
Ja, StoTt S8 e s

Ja, det bestemmer j83 58IV b 2

2.3 Har du skiftarbeid, nattarbeid il
eller gar vakier? il



3.2

o=
L

51

u
R

o
O

6.1

Rayker du?

Ja, dugig

J8. aveg i Hay, aldn

ﬁ ! : 2 3 : B
Hvis “Ja, av og il
Hva royker dig?

E Sigerfsiganios

Har du brukd, eller bruker du snus daglig?

Jda, od a, tdiigera Aldri

0 C {0
Hvls JA:
Hvor mange ar har du til sammen
brukt snus?

Er du: tolatavholdsmanniivinne?. . L] [
Hvor mange ganager i maneden drikker
du vanligvis alkohoi?........... . Adclafl ganger
{Regn ikke mad lettel,
Sett 0 hvis mindre enn | gang | maneden;
Hvor mange glass of, vin eiler brennevin
drikker du vanligvis i iopet av 2 uker?
ol Vi Bre

{Regn kka mead leltol.
Seit 0 hvis du ikkee Qritdear alkahot)

| omirest hvor mange &r har ditt
alioholforbruk vaert siilc du har
svarl | sporsmaétene over?

Har du i en eller llere perloder de siste 5 drene
drukket s& mye alkehol at det har hemmet deg
i yrkestivet efler sosialt?

Ja, i
yriesinet

o 2

Ja, badai
yrkastival
ag sasialt

P .

Nai,
alri

Spiser du vanligvis {rokost hver dag?. ...

Hvor mange ganger | uken
spiser du varm middag?. .. . .

Hvor stor vekt legger du pd & ha et sunt kosthold?
Sior iddels Liten ingen

L:fi BZ Ba ;_

Bruker du felgende kosttiiskudd?  Ja,
daglig Iblant  Nai

@,

Jermtabletter ... E D D
Kalk efier benmele. . L} 3 3
U R o SO N S O O

Gijar du for tiden noe forsok pd 2 endre
krappsvekten din?

J2, jag forsoker  Ja, jag forsoker
e af

2502 pa meg 4 slanke mag

O s

Hvilkert vekt vil du vaere Hifreds
med (din "trivselsvekt"y? ... ...

oy

MRevin

&r

ganger

Har du noen gang hatt:

Sett et kryss for hver! sporsmal. Copyl ogsé
alderen ved handelsen. Rvis det har skfedd
flare ganger, hvor gammel var du sists gang? fdersi

isls

Ateorig skade som forde Hl A NE
sykenusinnieggelse .., L L
Ankelbrudd . N
HAAGESAT oo L L
Magesar-operasion ... EEEE
Cperasion pa halsen.... .o 5] il

7l

Prosiata-operasion. ... L4

Har du, elfer har du hatt?

{Sett el kryss for hvert sporsmal} JA M
—

KraftayKdOm e 4

PEOMABSES ovvvvvo oo L

Stofiskiftesykdorn {stdoldbruskijertety..........

Gronn stasr...

T A

(d

Slitasiegikt (antrose] ..o

RN

IR

10 CO0Oat

Krokede fingre ... e e

Hudstramninger | handflatene.................

e

Nyrestain.........

R
[

BlnGlarmsoperasion ... ..ocoeeeeeee

BroKKGREraSION .o

1(3

Cperasjon/oshandiing for urinfekkasle .........
Epilepst

Farkinsons sykdom........ oo,

Paliomyalitt {“Peiic

Leggsar.. e,
Adlerai og overfalsombet:
Atopisk eksem {{.eks. bameeksem).......

HandeksSem ... .

Matvarealergi....ocoooreo i

Annen overfoisomhet {ikke aflergi)......

, JA ME
Har du hatt forkjolelse, influensa, ™o
“reelsiuka” eller lignende siste 14 dager? 1L

Har du i lapet av de sisle 3 ukene vart
forkisled, hat! influensa, bronkilt, lunge-
betennelse, bihulebetennalse eller annen
luttveisinfeksion?......... ...

0%

; , et . 34
Har du noen gang halt bronkitt —
ailer lungebetennaise? . . i

Har du | lopet av de siste 2 drene hatt hronkitt
eler fungebetennaise? (Seait bare off kryss)

Nzi t-2 ganger  Mer enn Z ganger

2 ms




8.1 Har du de sisle lo ukene it deg:

3.

oy

n

W

I

i

[83]

=1

(Seti ett kryss for hvert sporsmal] 1y, T8 mf;@a“
Nervos og urolig .. R N
Plaget av angst.. ..o E_i E] E N
Tryeg 08 oG v E O il C
irritabet, S I I Y
Glad og optimist L (1 O £
Nedior/daprimert.,......cooo.oooeees L O £l
L U N
B z 3 &
sn nEr
Hosler du amtrent daglig i periader av aret?.. 1 1]
Hyis JA: =
Er hosten vanligvis ledsagst av oppspytt?..... Lo 0
Har du hatt slik hosle sa lenge som i en =
3 maneders periede § begge de 1o siste &r7 ... L5 {

Lo

Har du hatt episoder med piping i brystel? ...

Hvig JA
Har dette oppsldit: (Salt olt kvss lor hvert sporsmal) JA NEE
O
O PRHETL oot ettt Lk L
. b ™
Ved HVEISINTERSION oo L
Vad fysisk ansirengeise ..o,

Wed sterk kulde

Fér du smerier | (ykkleggen nar du gar ...
Hvis JA:

Hvor langl kan ¢y ga

fer du far smerler? e mzler

Bitr du tungpusten | folgende situasjoner?
(Seft efl kryss for hvert sporsmai)
Nar du gér hurtig pa fiatmark
elier svak oppoverbakke........ e

M&r du spas

arer i “oilg empo
pa flatmark.. .

Nar du vasker deg eller kler péd d

Narduerihviie. ...

Mia du stappe pa grunn av lung pusl
nar du gar i eget tempo pa fiatmark? ...

Har du | lepel av det siste grel veert plaget
med smertar oglelter stivhet § muskier og

iedd som har var! iminst 2 maneder JA NEE
sammentengende? .. e, od
Hyis JA:

Har plagene fort til redusert aktivitet JANEL
3 S A

Fvor fenge har plagena vari totall?
maneder

&r og

Har plagene reduser! din arbeidsevne del siste arei?
{Gielder ogsé hismmearbeidende og pensiorisier (Get att keyss)

Mat'ubetydalig i noan grag thetydelig grad Yt fkice
!j 1 ﬂ 2 g 2
Ikke §
arbeid

Har du vert sykmeidt pga. disse A NEL
plagene det siste drat? .. i

8.8 Hvor oite er du plaget av sevnioshel?
(Sett bare ot kryss)

Aldr, eller noen & ganger { &ret e
1-3 ganger i MAaneden. ...
Omitrznt 1 gang { BKen ...,
ferenn en gang FuKen ..

23

(L)

Hvis du er plaget! av spunioshet manedlig
elfer hyppigere, nér pa &ret er du mest plaget?

ingen spesiell fid.......c. v PO
Saardig | MBrKETeN ...t
Sezriig | midnaitsoliden.. ...
Seerfig vAr 0g NOSt e e

8.10Mar du det siste aret vaer! plaget av sovniss
het stik at det har gait ut over arbeidsevnen?

811 Plaier du sove om 0agen? .. .o L

8.12 Hvor ofte har du uirivillig urinlekkasje?

ikke mer enn en gang i MAneden ....c.ooveeeeenn.

To elier flere ganger i maneden ...

Ukentlig eller oftera ... oo

8.13 Kan du ga ned 10 trappetrinn ulen
2 holde deg i noe {f.eks. et gelender).........

618 Bruker du briller? L
8,15 Bruker du horeapparal? ...

§.16 Hvordan er hukommelsen?
(Seit ett kryss for hvert sporsmal;

Glernmer cdu ting du akkurat
harhart eller lest? o

Glesmier du hver du harfagh Hng? e
Er det vanskeligare & huske nd ennfor?.......
Skriver du huskelapper oftere nd ennfor? ...

Hvis “JA" pa ett av disse sporsmalens;
Er det et problem 1 hverdagen? ...

S Bruker du, efler har du bruki noen
av fplgende medisiner: £ Alder vad _—
or, men bk 1. pang Al
Na  ikke ng brukt
Medisin mot osteoporose . )
(benskjorhet) ..o, O O a [}
Tablatter mot sukkersyke [ [ a [
Tabletter mot tavt stolf- ) —
skifte {thyroxin).eeren. L1 L B
JA KE!
§.2 Bruker du noen medisin som du {ar :J i
som sproyie {injeksjon)? ... L
Huig JA:
Oppgi navn paé medisinen (1! spreyie): T

fett navn pr. linje):

R

O
=
Do
L

O
¥

i

o

I3

%

33
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[

JANE]
g
]
7l
.
JA NEL
g




NHLIE

noen av sykdemmene: {Seft kryss for hver linje}
Mor Far Brmr Soster Bam

Hienteinfaid (sarpamjeriey 5 I 0 T 0
Angrapeciois Petekameey L1 [ 00 3 O
Hoyt blodtryis .. OO0 o0
Unidsthovedpulsae tmagen [ (3 (1 3 O
Mage-todingertarmrsar .. 1 {5 [ (O 3
Lahalsbued oo L 0 1 3 0
Psykiske plager.. o [ ) L1 13 j
Shiasjegikt {artrosey ... 1) 3 {0 1 [Z
Alderstemans . 1 10 (1 [ 01

14,2 Hvor mange sesken og bharn har du?
Brodre Sostra Barn

Antzil

16.3 Forer sykdom 2.1, hos noen 1 nar familie til
at du vanligvis utforer ekstra omseorgsarbeid?

Ja. stor selt daglip  Ja, av ag ti MNai

B{ al’ D5

10.4 Har du/dln familie hjemimehjelp JA NEI

oo

elier hiemmesykepieie?.. ...

10.1 Kryss av for de slekiningene som har eller har hatt

b

1
g““:
-

Evt. aider ved dod

JAONE
105 Lever dinmor?............. ': E
1W0.6Lever dinfar? ... L1 ]

TiT.  HOBILTED

11.1 Dispongrer du {eler, leier e.l.) mobikeisfon?
Ja, hiele fiden Jda, ey o il [R5
il (s O
Hvis JA:
Hva bruker du mobilielefonen i, og hvor oiie
bruker dis den? (Seff eff kryss for fiver linje)
Antall ganger per degn

ar

12.4Broker du elier har du brukt reseptplikiig

30 eiler 10-28 2-8 1 eller
flere mindre

Samtalar.. . m D :} E
Teksimeldingar. D D [:‘ D

1
A S

RESTENBESVARESBAR

12.7 Hvis du har fadt barn, fyil ut hvert barns fodseisar, og

hvor mange maneder du ammat etier iodselen.

(Hvis du ikke ammel, skriv 0) Antall mnd
mad

Baea: Fodselsdr: arnming:

1. bam

3. bam

4. bam

5. barmn

5 bam
{Hvis ffere barn, brok ekstra ark)

Hviltken daio startet din siste mensiruasion?

Dag Maned Ar

12.3 Hvis du ikke fenger har menstruasjon; hvorfor

misie! du menstruasjonen? (Ser eff kryss}

Den stappet av seg sslv o

Operere bort begge eggstokkens ..

-

. . e "1
OPSrasion pa FamOTEN. .o Ld2

1

Annen grunn {f.eks. siraling, cefiegifi-behandiing)

estrogen {tableder eller plaster)?. . D

Hyvis JA:
Hvor gammel var du ]
da du begynte med astrogen? ... ... ar

Huis du har slutiet & bruke pstrogen,
tivor garnme! var du .
da du sluttel med ostrogen?, ... ar

12.5 Bruker du eller har du brukt p-piller? . il

Huis JA:
Hvor gammei var du da du R
bagynte mad p-piler? . e, ar

Hvor mange &r har du ]
Ll sammen brubkt pepilier? ... .. A5zl &
Dersom du har fodt:

Hvor mange &r orukte du pepitter i
lor forste fodsel? ... ... ... .A;tal ar

Hvis du sluttel & bruke p-piliar: .
Hvor gammel var du da du slultei? . E

12.8 Né&r du ser bort fra svangerskap og

barselspericde, har du naen gang 44 ?‘,'E
vazrl bledningsirt | minst § maneder? i !
Fvis JA

Hvor mange gengar?.. ... gangar

12.7 Hvordan er bigdningsforholdene for deg n&?

Jeg har ikka hait blodninger det siste aret
Jeg har regelmassigs blodninger...........

Jeg har uregelmessige bledninger. ...

12.8 Da du var | 25-2¢ arsalderen, hvor mange dager

var det vanliguis meilom starten pa to bisdninger?

Minimum Kaksimum
Vet ikke
dager dager B
Pagikk selve biodningen omirent JA NE!
like mange dager hver gang? . NN
Hvor mange dager varte en lypisk
menstruasjonsbledning? ... dager

Talck for hjelpent
Husk & postlegge skjemaet i dag!
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Hvordan er heisen din na? (Sett bare eit kryss} Under finner du en liste cver ulike problemer.

Darlig ikke hsit god Ged Svart god Har du opplevd nos av detle den slste uken
v til og med [ dag)? " - "
il D a B { ! . ks Lt Ganske Vel
j L B O (Seft ait kryss for hver linfe} plaget  piage! mye my
. T Plutselig irykt uter grunti ...l [ [ L
Har du, eller har du hatt?: Alder forsie o —
A g S Foler deg redd alter engstelig........ L] I [
B 1T OO TRORE I  I Matihel elier svimmethet.......... L i O
e Foler deg anspent eller oppjagst ... {1 o O
Kronisk brenkitvemfysem oo, L 1 .
Lelt for & klandre deg sejv .. .Y 3 .
Diapetes {sukkersyke) ..o L] L] SOVOPIODIEMEN .o 1) a i
Nedirykt, tungsindig ..o = & 0
e ! - ,
Bensijorhiet {oslecpoross) ... L Falelse av & vaare unyHig, lite verd | ; o
Ealzls s at alt =4 siit b N 5“
Fibromyaigifkeonisk smertesyndrom........ 0o Folelse av at alt o¢ Bl Sift.oo..e.. L - -~
Folsise av hiploshet mat framitida . A i
7 2 H

SuRulelnlelisleFele ¥

Psykiske plager som du har sokt hielp for L

Hierteinfarkt ... e m

i
I S T B W

; et Hvor mange tenner har du misteifirakkel? Antall tepner
ector rekrampe) ... o !
Angina pecioris {hjertek-ampe) {Se bor: lra melketenner og visdomsienner}
Hur du veer plaget med smerter ogleller stivhat
i muskier og ledd tiopst av de siste 4 uksne?
LK Endel Afveiig
plage! plaget  pl

-
[

Higmeslagihjsreblodaing oo, L

Far du sinerter ellar ubehag | brystat adr du: JA NEI Naika/Shuldre ..o 1 i
Gar i bakker, rapper sler fort 02 flat mark? ... ) L) Arner, Nander oo 0O !
) . ) Orrs dei av ryggen.. ..., [ 1
Fvis dy far slite smerier, plgier du da a: —
Stoppe?  Szkine farten?  Forisette | samme taki? KOrSIYEEEN s { 0
EE R s Hofter, ben, folter ... 1 1
JA HE! Andre SIEAe .o e L i —
Dersom du stopper, forsvinner smertene da oo
alter mindre enn 18 minutler? ., b4 L 4
Ja ME o Aldar
ar U nogn gang hail: . sisie gang
Kan slike smerter opptre selv om du er iro%?. 1 1) JA - NEI
Brudd | handledd/underarm? .......... RN
- L Larh@ishrugd . o oo 0
Har en elier flere av dine foreldre elier sasken hati: - < L
Vat
Hierteinfarka (sar pa hjertst) efler SAOMEL ke Har cu f2lt Tlopet av got sisie drel? (Sef bare eff kryss)
angina pectoris (hjertekrampe)? ..o 4 0 O el Jz, 1-2 gan Jg, mer enn 2 ganger
Hryss av for de siektningene som har eller har : mE =¥
halt noen av sykdommene: (Sett kryss for hver linjs) -
Ingan
Hisrneslaq af Mer Far Bror  Sostar Barn av disse
,:i ggzier r — m ] i D i ered et itiod « s Aradn
njerneblodning........... L Li LA i i Huordan har din fysiske ektivitet voerl det siste 3ret?
Hjertzintarkt for 50 &rs Tank dzg et ukentliy giennomsnitt for dret,
aider O 0 0O o g o Besvar begge sporsméiens. i
" = - = — Timer pr. uke
— — -
Astma L—E_ L ':] e D | fagen  Under1  1-2 3 og mer
. . 1 — e Lett aktivit
Krefsykdom ..., E E“ - G D u {ikke svettandpusien)..........., | [:] ‘_]
Disbstes fsukkersyike) L0 [ 0O O 3 O

Hard fysisk aksivitet

Hvis noen slekininger har diabetes, § hvilken alder filkk de (svettiandpusten) f,]

diabetes (hvis for eks. flere sosken, fer opp den som fikk
det tidilgst | (lvat):

Spstars E
Vel jkka, Mo alder Ffars aider Brors alder zidgr  Barns aider
ikke aktual

il Ansla din vekt da du var 25 ar gammetl; hele k



Hvor mange ars skolegang har du
glennomiert? Anlall &r
{78 med alie &r du har gétt pa skole effer studer)

T

Hyor ofte spiser du vanligvis disse matvarens?
(Sett elt kryss lor hver jinje}

Sjelden 133 1-3g 4.8 g.

faldrt prmng  pruke pr.uks
Frukt, Besr..en . i1 0 i
Ost (alle typer)....... £ (] 0 0
Poieter.. i U 0 i £l
Kokte gronnsaker [ L [3 L
H& grennsaker/salal N L O G
Feitfisk (feks. faks, 1 (1 O O
arret, makrefl, sitdp z 3 4
Bruker du kostiiskudd: Jaz, daglig  Iolant Nej
- T , £ =
Tran, trankapsier. fiskecliekapsier..... L L B
Vitamin- og/eller mineraftilskudd ... L O £

Hver mye drikker du venligyis av folgende?

(Selt ett kiyss for hver linje} <5 fghss 23
Sjelden  glass prdag giass
faldri pr.uke prdag
Helmalk, kelir, yoghurt........ 7 ] [ i
Letmelk, cuiturz, leltyoghurt [ L A

Skurmmet melk {surisot)

Ekstra lettmalk ... i
FOUKIBECE oo, | L
VaRN e e [:J
Brus, mineralvann....... E!
Z 4

Hyvor mange kopper kaffz og te drikker du daglig?

Sg.8l
mer praag

Ju G

- 0

4 glass
el mer

pr.dag

.
g
{7

{Sett 0 for de typene du ikke driker daglio) Anigl kapper
FHETKATIE ..o et e
Kokekatfe/frykkanne e oo

ANREN KAHE L et s

Te

Oatrent hivor ofie har du | fope! av det siste aral drukiet
aticohiol? (Letiof og afohoffrilt of regnes itke med)

Har aldri Har ks druktket MNoan figanger  Grtrent 1 gang
drukio! alkahal akohsl sisle dr sisle ar i miregan
L ! 2 D ] L
2:3 ganger ca, tgang 2-3 gangar
oo uRa fuka

2

Til dem som har druikke! sisis an:
Nér du har drukicet alkohol, hivor mange glass
eller driniker har du vanfigvis drukket? Antall

Omtrant wer mange ganger i lopel av det siste
arel har du drukket s& mye som minst § glass
aller drinker i lIopet av eit dogn? Anizff ganger

Hvor lenge er du vanligvis daglig
tlistade | ol roykivii rom? Aniall hele timer

Roykie noen av de veksne hjemme J"‘.
da du volisie opp?.. SR A
Bor du, eller har du bodd, sammen med ,J"‘ HEl
noen dagligroykere efter si du fylte 20 477 ... g

Ja,nd Ja, tidligore  Aidki
Har du reykifroyker du daghig? ... 4 ] =

Hvis du ALDR! har raykt dagiig;
Hopp #il spersmél E11 (FUNKSJON OG TRYGGHET)

Hvis du rovker daglig né. royker du:

JA NEI
Sigaretter? ..o U E]
SiGarEtSIGRIIES? oo PO
PIBET Lt 0 -

Hyis du har royid deglig tidligars, hvor

lenge er det siden du slutiel? Anlalf ar

Hvis du royker daglig nz elier har royk:
tidligere:

Hvor mange sigaretier rovker elier roykle
du vanligvis daglig? Anlail sigarelter

Hvor gammel var du da du begynte &
reyke daglig? Alder i &r
Hvor mange &r tit sammen har du

roykt daglig? Antali ar

Ville du folt deg trygy ved & {erdes alens
pa kveldstid | nasromrédet der du bor?

Ja Litt utrygg
[l L

Mar det gjelder {arlighet, syn og herseal, kan du:
{Sett eit kryss for hiver inje}

Svaari uirygy

Uten Mad litt Mod slore Nl

Ga 5 minutt wuri prablemer  problamer  problemer
4 en 5 minulters turi
noeniunde raskt tampo? ... E D [] D
Lese veniig lekst | aviser, - —
evt. med briller? ...l [ O O ‘
Hore bva som blir sagt . . .
i en normal samtale? ... H [ {1
1 7 3 4
Har du pa grunn av varige helseproblemer vansker
med a: (Seit elt kryss for hver finjs] tngan Moen Slore
wvansker  vangker  vansker

Bevege deg rundt | egen bolig? . ﬁ

-

Komme deg ut av boligen pa egen hand? [}

Delia i foreningshv elier andre —_
fritidsakiviteler? w
r

Bruke offentlige transportmidiar? ... i

Uttere nodvendige daglige serend?........ L

N 1 T [
O om



Hyor mange ganger de siste 12 manedene
har du selv brukt:

Ingen 183 felisr

{Seit ett kryss for hver linje) garger flgrg
Allmennpraktiserande jege...... O O O
Spesialist (privat elfer pé polikinikic) 0O O ]
Legevaki {prival eller offantfig) .......... O 0O O
Sykehusinnleggelse... L0 O
Hjemmesykepiele oo L L0 1]
Fysioterapeut........ OO O
KHOPPAKION oo 1) L4 L
Kemimunal hiemmehjelp .. O [
TaRM2GE e, ‘:‘ ': f:
Alternaliv benandler .o, L3 ]

Fr du trygg pé at du kan fa i
hielp av helseog hiemme- JA ME] V‘:f_'l:ke
ifenesten hvis du trenger det? L Lle [Za

Bor du:  Hiemma? [ Institusjon/boleliesskap? [,

Bor du sammen med:

JA NI
Ektefalle/samboar? oo, L1 ﬂ
Andre parscasr? e B ’r:

Hver mange gode venner har du?

Aegn med de du kan snakke fortrolig med

0g som kan gi deg higlp ndr du trenger del.

Teil ikke med de du bor sammen med, men ta
med barn og andre slekininger. ... .

Fivar stor interesse viser folk for det du gjor?
(Sett bare alt kryss)

Slor . Nea . Lik _Ingen Usikker{
hieresse inferesse inleresse ilerasse

[k O O O« O

Hvor mange foreninger, lag, grupper,
kirkesamfunn .l deftar dy i 7 Antal!
{Skriv 8 hvis ingen)

Hyor lenge har du samiel bodd [ fylket?

Hvor lenge far du samiet bodd { kommonen?

Hvor nodde du det meste av tlden for du fylte 16 457
{Reyss av for elt alternativ og spesifiser)

Samme kommune ......... s

Annen kommuns
PEYHEN i [ 12 Hivilken:

Aniall vanner

Annet fylice | Norga....... [} a Hyilkel;

Utenfor Norge......... e e Lang:

Har du flyttet | fopet av de siste ferm drene?
Nai Ja, en gang  Ja, flere ganger

J: e £l

Med medisiner mener vi her medisiner kjapt p4 gpotek.
Kostiitskudd og vitaminer regniss ikke med her.

Bruker du? NA O Formen Al
(Selt eff &ryss for hver linje) Herd bk
ttedisin mol hoyl bodtrykk ... .. g o

. M ™

Kelestarolsenkende medisin b [ ]
Medisin mot osteoporose {(benskjorhaty [ | ] i
Tabletter mof Sukkarsyke oo, L N '
Hvor ofte har du: i lepet av de siste 4 ukene bruld A
{olgenda medisiner? e bruk! Siskdnore Hver uka,

S + K r finja} sist ant i man ikke N
{Selt ett kryss for hver finje} See  embiec i '13" Dagli

Smertestilende uten resept...... 0 [l
Smerlestillende p4 resept......... LJ O
L Y, N B J
Bercligende medisin ... ... o U
Medisin mot depresjon.............. [ E
Aanen medisin pa resept........ 5 [7:

Angl navnet pd de medisinene du bruker na, og fwa grunnaz
ar til at du tar medisinene {sykdom zlizr symptom;

Kryss av for vor lenge du her bruki medisinen) [Rvar longe har :
(Rryss & g - / brukt medising!

Navn pd medisinen: Grunn i bruk inntd =
{ett pavn pr. tnjel: av medisinen: tar jellerm

1
-

sl s
sl My
00
0ol

Hvor gammel var du da du fikk

manstruasjon aller {forste gang? Alderi ar
Huer gamimel var du da
menstruasionen siuttet? Aldar i ar
Hver mange barn har du fodi? Antafl barn
) . {antall
Bruker du, eller har oy hrukl ostrogenmedisin? 4y iotelt
Aldri For  NA&
Tabletiar sller plaster ]

3
H

Kram eller stikkpiller

Hvis du hruker osirogen; hvllket merke bruker du na?

JA S NE

0 O

Har du noen gang bruki P-pille?
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Bidrag til belysning av medisinske og sosiale forhold i
Finnmark fylke, med szrlig vekt p& forholdene blant
finskattede 1 Spr-Varanger kommune.

Av Anders Forsdahl, 1976. {(aytt opplag 1990)

Sunnhetstilstanden, hygleniske cg sosiale forheold i Spr-
Varanger kommune 1869-1575 belyst ved medisinal-
beretningene.

Av Anders Forsdahl, 1877.

Hjerte-karunderseskelsen 1 Finnmark - et eksempel pa en
populasionsundersekelse rettet mot cardiovasculare
sykdommer. Beskrivelse cog analyse av
etterundersegkelsesgruppen.

Av Jan—Ivar Evamme og Trond Haider, 1879.

The Tromsg Heart Study: Population studies of coronary
risk facters with special emphasis on high density
lipoprotein and the family occurrence of myocardial
infarction.

Av (Olav Helge Fprde og Dag Steinar Thelle, 1879.

Reformer i distrikishelsetjenesten III: Hypertensijon i
distriktshelsetienesten.
Bv Jan~Ivar Kvamme, 1980.

Til professor Knut Westlund pa hans 60-3rs dag, 1983.

Blodtrykksovervakning og blodtrykksmédling.
Av Jan-Ivar Xvamme, Bernt Nesje og Anders Forsdahl, 1983,

Merkesteiner i norsk medisin reist av allmennprakiikere -
og enkelte utdrag av medisinalberetninger av
kulturhistorisk wverdi.

Av Anders Forsdahl, 1984.

"Balsfiordsystemet." EDB-basert journal, arkiv og
statistikksystem for primarhelsetjenesten.
Av Toralf Hasvold, 1984.

Tvungel psykisk helsevern i Norge. Rettsikkerheten ved
slikt helsevern med serlig vurdering av
kontrollkommisjonsordningen.

Av Georg Hpyer, 1986.

The use of self-administered guestionnaires about food
habits. Relationships with risk factors for coronary heart
disease and associations between coffee drinking and
mortality and cancer incidence.

bv Bjarne Koster Jaccbhbsen, 1288.

Helse og ulikhet. Vi trenger et handlingsprogram for
finnmark.

Av Anders Forsdahl, Atle Svendal, Aslak Syse og

Pag Thelle, 1888.
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i17. D.
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19, D.
20. D.
21. D
22. D.
23. D.
24. D
25. D.

Health education and self-care in dentistry - surveys and
interventions.
Av Anne Johanne Spgaard, 1989.

Helsekontreoller i praksis. Erfaringer fra prosiektet
helsekontroller 1 Troms 1983-1985.
Av Harald Siem og Arild Johansen, 18895.

Til Anders Forsdahls 60-&rs dag, 1990C.

Diagnosis of cancer in general practice. A study of delay
problems and warning signals of cancer, with implications
for public cancer information and for cancer diagnostic
strategies in generzl practice.

Av Knut Holtedahl, 1891.

The Tromsg Survey. The family interventicon study.
Feasibility of using a family approach te intervention on
coronary heart disease. The effect of lifestyle
intervention of coronary risk factors.

Av Synngve Fgnnebg Knutsen, 1991.

Helihetsforstaelse og kommunikasijon. Filosofi for
klinikere.
Av Age Wifstad, 1991.

Factors affecting self-evaluated general health status -
and the use of professional health care services.
Av Enut Fylkesnes, 1991.

Serum gamma-glutamyltransferase: Population determinants
and diagnostic characteristics in relation to
intervention on risk drinkers.

Av Odd Wilssen, 1992.

The Heslthy Faith. Pregnancy outcome, risk of disease,
cancer morxbidity and meortality in Norwegian
Seventh-Day-Adventists.

Av Vinjar Fgnnebg, 1992,

Aspects of breast and cervical cancer screening.
Av Inger Torhild Gram, 1882.

Population studies on dyspepsiz and peptic ulcer disease:
Occurrence, aeticlogy, and diagnosis. From The Tromss
Heart Study and The Sgrreisa Gastrointestinal Disorder
Studie.

Av Roar Johnsen, 159%2.

Diagnosis of pneumonia in adults in general practice.
Av Hasse Melbye, 1992,

Relationship between hemodynamics and bleood lipids in
population surveys, and effects of n-3 fatty acids.
Av Kaare Bgnaa, 1992,



25.

27.

28.

29.

30.

31.

32.

33.

36.

37.

38.
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Risk factors for, and 13-year mortality from
cardiovascular disease by socioceconomic status.
A study of 446%C men and 17540 women, ages 40-49.
Av Hanne Thiirmer, 1993,

Utdrag av medisinalberetninger fra Sulitjelma 1891-1990.
Av Bnders Forsdahl, 1993.

Helse, livsstil og levekdr i Finnmark. Resultater fra
Hierte-karundersskelsen i 1987-88. Finnmark III.
Av Knut Westlund og Anne Jchanne Sggaard, 1993,

Patterns and predictors of drug use.

A pharmacoepidemiologic study, linking the analgesic drug
prescriptions to a population health survey in Tromsg,
Norway.

Av Anne Elise Eggen, 15%4.

ECG in health and disease. ECG findings in relation teo CHD
risk factors, constituticnal wvariables and 16-year
mortality in 2990 asymptomatic Oslo men aged 40-49 years
in 1972.

Av Per G. Lund-Larsen, 19%84.

Arrhythmia, electrocardiographic signs, and physical
activity in relation to coronary heart risk factors and
disease., The Tromsg Study.

Av Maja-Lisa Lechen, 1885,

The Military service: mental distress and changes in
health behaviours among Norweglan army conscript.
Av Edwvin Schei, 1985,

The Harstad injury prevenition study: Hospital-based injury
recording and community-based intervention.
Av Bprge Ytterstad, 1995.

Vilkdr for begrepsdannelse og praksis i psykiatri.
En filoscfisk undersskelse.
&Av Age Wifstad, 1996. (utgitt Tano Aschehoug forlag 1997}

Dialog og refleksjon. Festskrift til professor Tom
Andersen pd hans 60-3rs dag, 19%6.

Factors affecting doctors” decision making.
Av Ivar Segnbg Kristiansen, 1996.

The Sprreisa gastrointestinal disorder study. Dyspepsia,
peptic ulcer and endoscopic findings in a population.
Av Bjsrn Bernersen, 1986,

Headache and neck or shoulder pain. An analysis of
musculoskeletal problems in three comprehensive
population studies in Northern Norway.

Av Toralf Hasvold, 1986,
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47.

49,

Senfelger av kjernsefysiske prevespreninger pi& sygruppen
Novaya Semlya 1 perioden 1955 til 1962. Rapport etter
programmet “Liv”. Arkangelsk 1994.

Av A.V. Tkatchev, L.K. Dobrodeeva, A.I. Isaev,

T.5. Podjakova, 1986.

Helse og livskvalitet pa 78 grader nord. Rapport fra en
befolkningsstudie pa Svalbard hesten 1988. Av
Helge Schirmer, Georg Heyer, O0dd Nilssen, Tormod Brenn og
Siri Steine, 1897.

Physical activity and risk of cancer. A population based
cohort study including prostate, testicular, colorectal,
lung and breast cancer.

Av Inger Thune, 1887.

The Norwegian — Russian Health Study 19%4/95. A cross-
sectional study of pollution and health in the border
area.

Av Tone Smith-Sivertsen, Valeri Tchachtchine, Eiliv Lund,
Tor Norseth, Vliadimir Bykov, 1997.

Use of alternative medicine by Norweglan cancer patients
Av Terje Risberg, 1998.

Incidence of and risk factors for myocardial infarction,
stroke, and diabetes mellitus in a general population. The
Finnmark Study 1974-1989.

Av Inger Nijglstad, 1998.

General practitioner hospitals: Use and usefulness.
A study from Finnmark County in North Norway.
Av Ivar Raraas, 1598.

Sykestuer 1 Finnmark. En studie av bruk og nytteverdi.
Av Ivar Aaraas, 19988.

No gér det pd helsa laus. Helse, sykdom og risike for
sykdom i to nord-norske kystsamfunn.
Av Jorid Andersen, 1998.

The Tromsp Study: Risk factors for non-vertebral fractures
in a middlie-aged population.
Av Ragnar Martin Joakimsen, 1999,

The potential for reducing inappropriate hospital
admissions: A study of health benefits and costs in a
department ¢f internal medicine.

Av Bigrn Odvar Eriksen, 1999.

Echocardiographic screening in a general population.
Normal distribution of sachocardiographic measurements and
their relation to cardiovascular risk factors and disease.
The Tromse Study.

Av Henrik Schirmer, 2000.
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59.
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61.

Environmental and occupational exposure, life-style
factors and pregnancy outcome in artic and subartic
populations of Norway and Russia.

Av Jon @yvind Odland, 2000.

Oxpyxaromas U IpoQeccHoHANBHAS JKCNOIMIHA, GakTOoPhI
CTHAS MH3HK ¥ HCX0H OEpeMEHHOCTH ¥ HACEeHEs
apxTaveckoif # cybapxTydecko yactet Hopreryn u Pocouy
On Ofieny Vanas 2006

A population based study on coronary heart disease in
families. The Finnmark Study 1974-1989.
&v Tormod Brenn, 2000.

Ultrasound assessed carotid atherosclerosis in a general
population. The Tromsg Study.
Ay Qddmund Joakimsen, 2000.

Risk factors for carotid intima-media thickness in a
general population. The Tromsg Study 1979-1994.
Av Eva Stensland-Bugge, 2000.

The South Asian cataract management study.
Av Torkel Snellingen, 2000.

Air pellution and health in the Norwegilan-Russian border
area.
Av Tone Smith-Sivertsen, 2000.

Interpretation of forearm bone mineral density. The
Tromse Study.
2v Gro K. Rosvold Berntsen, 2000.

Individual fatty acids and cardiovascular risk factors.
Av Sameline Grimsgaard, 2001L.

Finnmarkundersgkelsens
Av Anders Forsdahl, Fylkesnes K, Hermansen R, Lund E,
Lupton B, Selmer R, Straume E, 2001,

Dietary data in the Norwegian women and cancer study.
Validation and analyses of health related aspects.
Av Anette Hijartdker, 2001.

The stenotic carctid artery plagque. Prevalence, risk
factors and relatiocns to clinical disease. The Tromse
Study.

Av Ellisiv B. Mathiesen, 2001.

Studies in perinatal care from a sparsely populated area.
Av Jan Holt, 2001.

Fragile bones in patlents with stroke? Bone mineral
density in acute stroke patients and changes during cone
yvear of follow up.

Av Lone Jprgensen, 2001.
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Psychiatric morbidity and moriality in northern
Norway in the era of deinstituticnalisation. &
psyniatric case register study.

Av Vidije Hansen, 2001.

111 health in two contrasting countries.

Av Tom Andersen, 1978/2002.

Lengitudinal analyses of cardiovascular risk factors.
Av Tom Wilsgaard, 2002.

Helseundersgkelsen 1 Arkangelsk ZC00.
Av Odd Nilssen, Alexei Kalinin, Tormod Brenn, Maria
Averina et al.,2003.

Big-psycho-social aspects of severe multiple trauma.
Av Audny G. W. Anke, 2003.

Persistent organic pcllutants in human plasma from
inhabitants of the artic,
Av Torkjel Manning Sandanger, 2003.

Aspects of women’s health in relation to use of
hormonal contraceptives and pattern of child
bearing.

Av Merethe Kunmle, 2003.

Pasienterfaringer i primerlegetijenesten fgr og etter
fastlegereformen.
Av Olaug Lian, 2003.

itamin D security in northern Norway in relation to
marine fcod traditions.
Av Magritt Brustad, 2004.

Intervensjonsstudien 1 Finnmark. Evaluering av
lokalsamfunns basert hjerte- og kar forebyvgging i
kystkommunene Batsfjord og Nordkapp.

Av Beate Lupton, 2004.

Environmental factors, metabolic profile, hormones
and breast and endiometrial cancer risk.

Av Anne-Sofie Furberg, 2004.

Det skapende mellomrommet 1 metet melliom pasient og

lege.
Av Eli Berg, 2004.

Kreftregisteret 1 Arkhangelsk oblast i nordvest
Russiand. Med en sammenligning av kreftforekomst 1
Arkhangelsk oblast og Norge 1983 - 2001.

Av Vaktskijold Arild, Lebedintseva Jelena, Korotov
Dmitrij, Tkatsjov Anatolij, Podjakova Tatjana, Lund
Biliv, 2004




78.

8c.

82.

]

e

Characteristics and prognosis of long-term stroke
survivors. The Tromsg Study.
Av Torgeir Engstad, 2004

Withdrawal and exclusien. A study of the spoken word
as means of understanding schizophrenic patients.
Av Geir Fagerjord Lorem, 2005.

4

"3gkelys pd safunnsmedisinene.” Evaluering av
kommunal samfunnsmedisinsk legetjeneste, offentlig
legearbeid og de forebyggendes oppgaver 1
Fastiegeordningen.

Av Betty Pettergen og Roar Johnsen, 2005.

Presjekt egenmelding Kristiansand kommune.
Evaluering av kontrollert intervensjonsiorsegk i stor
skala, med utvidet rett til egenmelding i
kombinasjon med @kt og formalisert samhandiing
meliom arbeidstaker og arbeidsplassen ved
sykeiraver.

Av Nils Fileten og Roar Johnsen, 2005.

Abdominal acrtic aneurysms:Diagnosis and
epidemiology. The Tromse study.
Av Kulbir Singh, 2005.

A pepulation based study on cardicovascular disesases
irn Northwest Russia.The Arkhangelsk study 2000.
Av Maria Averina, 2005.

Exposure Lo exogenous hormones in women: risk
factors for breast cancer and molecular signature.
Av Vanessa Dumeaux, 2005.

Repeated ulilr
rplagues in a
19942001,

av Stein Harald Johmsen, 2005.

ound measurements of carotid artery
ner

as
general population. The Tromsg Study

Risk Factors For Fractures In Tromse. The Tromse
Av Luai Awad Ahmed, 2005.

The quality and use of two health registries

in Russia. The Arkhangelisk Cancer Registry and the
Kola Birth Registry

KauecTBo M HCIIOABZ0OBAHME ABYX MEIHUHHCKHX PEryCTpoB

B Poccuu. Apxanrensck peructp paxa ¥ Koascxu#l peructp posios

Av Arild Vaktskjold, 2005.

Eaemoglobin, anaemia and haematological malignancies.
Av Tove Skjelbakken, 2006



87. D. The sick-listed — an under-recognised resource in handling sickness absence.
Av Nils Fleten, 2006.
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