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1.1 Osteoporosis: a major health problem

Osteoporosis is an important public health care problem in the Western world. More than
40% of the women will have experienced a fracture by the time they reach the age of 70.
Moreover, the incidence of hip fracture appears to be increasing, and this is explzined only in
part by a longer life expectancy’. In the Netherlands, this trend bas also been observed:
Hoogendoorn described an increase in the number of fractures of the hip in men and women
of over 50 years, which number gradually increased year by year®. In 1972 approximately 6000
subjects aged 65 years and over were admitted to the hospital for fractures of the hip, while
10 years later this number had increased by 65% to more than 10,000 patents®. Based on
recent data it has been estimated that the total number of hip fractures in the year 2010 will
be increased to 22,726%,

The very high prevalence of this fracture, resulting in morbidity with the risk of invali-
dation and social isolation, has lead to an increasing interest of both (candidate) patients and
medical practitioners in this disorder.

Osteoporosis 15 the most common metabolic bone disease, and is sometimes compared to
hypertension: in both conditions irreversible damage may occur without significant prodromal
symptoms or warnings, and in both conditions treatment should be started before symptoms
occur.

1.2 Defimition of osteoporesis and esteopemia

Difficulty in defining osteoporosis not only arises from the multiplicity of its etiologic
and pathogenetic factors, but also from differences in points of view, From 2a clinical and
radiological stand point osteoporosis is seen as a fracture syndrome, while an epidemiologist
would describe osteoporosis as a major public health problem in the general aging population.
Histologically, osteoporosis is characterized by diminishment of bomne volume, caused by
increased bone resorption by osteoclasts and/or decreased bone formation. From a
densitometric point of view, Nordin suggested that osteoporosis should be defined as a bone
mineral mass more than two standard deviations below that of voung normal subjects as
measured by photon absorptiometrys. For several reasons {see 3.8) there has been much
criticism of such a densitometric definition of osteoporosis.

Clinically, osteoporosis is defined as 2 condition in which bone tissue is reduced in mass
and quality, resulting in a diminished strength with an increased susceptibility to fractures.
Typical osteoporotic fracture sites are the vertebral bodies, the proximal femur and distal
radius. A fall, blow, or any other form of trauma that would not injure the average person can
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easily cause one or more fractures in a person with osteoporosis. As 2 consequence of this
clinical definition, the bone disorder manifests itself by fracture. During the last decades
intensive research has been dome to develop techmiques to diagnose osteoporosis before
fractures occur, in other words to determine the fracture risk. The assessment of bone mass
and quality is as yet mainly restricted to measuring the bone mineral mass at certain regions of
interest. The c¢linical definition of osteoporosis is now widely accepted, while it is aiso
generally accepted to define a low state of bone mass as yet without fractures as osteopenia.
However, osteopenia is still 2 poorly defined entity, and no agreement exists whether a bone
mineral mass (2 standard deviations) below the normal average for sex and age~group indicates
osteopenia,
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1.3 Classification of osteoporosis

There are two recognized categories of osteoporosis: primary and secondary (Table I).
Primary osteoporosis is a state of low bone mass with increased fracture risk which occurs in
the absence of known disorders that may affect bone structure and quality. Four subtypes are
recognized:

iy idiopathic osteoporosis, mainly occurring in young premenopausal women and in young
and middle aged men,

2) Juvenile osteoporosis, occurring before puberty,

3) postmenopausal ostecporosis (also called type I osteoporosis), occurring in
postmenopausal women aged 50-70 years,

4) age-related osteoporosis (also called senile or type II osteoporosis).

The latter two conditions are by far the most common forms of osteoporosis.
Differences in the rate of loss between the bone compartments may lead to these two distinct
forms of osteoporosis. In 1947 Albright described these two types of osteoporosis®, a clinical
observation, which was supported by photonabsorptiometry several decennia later’. Type 1
osteoporosis occurs mainly in postmenopausal women between the age of 51 to 65 years and is
characterized by vertebral (crush) fractures and distal forearm (Colles-)fractures, while
fractures of the hip are relatively rare. This type of osteoporosis is the result of a
disproportionally high trabecular bone loss in comparison with cortical bone loss®. Type II
osteoporosis occurs predominantly in women and men above the age of 75 years. This type is
characterized by the loss of cortical as well as trabecular mineral mass resulting in a high
prevalence of hip fractures (but vertebral (wedge) fractures are common as well),

Secondary osteoporosis represents a fracture syndrome resulting from bone loss caused
by conditions or diseases that are known to affect bone, such as immobilization, glucocorticoid
excess, nutrient and vitamin deficiencies, zlcoholism, endocrinopathies (thyreotoxicosis,
hyperparathyroidism, oestrogen or androgen deficiency), multiple myeloma, rheumatoid
arthritis and many other diseases. Recently Johnson et al reported on 300 consecutive persons
who were presented to an osteoporosis ¢linic®, They found that 60% (180) had osteoporosis, of
these 180 patients 83 (46%) showed one or more conditions or diseases contributing to the
syndrome of osteoporosis.
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Table 1
Clinical classification of osteoporosis

PRIMARY OSTECPOROSIS

1) Idiopathic osteoporosis

2) Juvenile osteoporosis

3) Postmenopausal osteoporosis {type I)
4} Age-related osteoporosis (type II)

SECONDARY OSTEOPOROSIS
Endocrinopathies
Hypogonadism
Hyperadrenocorticism
Thyreotoxicosis
Hyperparathyroidism
Acromegaly (7}

Gastrointestinal diseases”
Gastrectomy
Malabsorption syndromes
Chronic liver diseases

Miscellaneous causes

Glucocorticoid osteoporosis

Immobilization

Alcoholism

Anorexia nervosa

Osteogenesis imperfecta

Multiple myeloma

Rheumatoid arthritis and other connective tissue diseases
Pregnancy

¥ Combinations with osteoporosis and osteomalacia
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1.4 Diapnosis of osteoporosis

As a consequence of the clinical definition of osteoporosis the diagnosis should include
the confirmation of a fracture. This is routinely done by X-ray investigation of the spine, and
(as indicated on clinical grounds) of the hip, distal forearm or other skeletal sites (e.g. the ribs
or the humerus). Standard radiographs of the spine can establish the diagnosis osteoporosis
only in the zbsence of specific causes of fractures such as a sigmificant trauma, 2 focal bone
disorder (e.g. 2 metastasis) or other abnormalities. Furthermore, the kind of fracture and the
location may be typical for osteoporosis. Although no clear definition exists of osteoporotic
fractures, fractures of the hip, vertebrae or distal forearm should raise the suspicion of o0s-
teOpOrosis.

All patients presenting with one or more osteoporotic fractures should be evaluated
comprehensively to exclude secondary osteoporosis, while assessment of the degree of bome
loss may be helpful in monitoring the effectiveness of subsequent treatment.

The general medical evaluation should include:

1§ Medical history; special attention is aimed at chronology, location, type and severity of
back pain, location and kind of fractures, previous treatment {(glucocorticoids, anti-epi-
leptics, estrogens, diuretics, et¢), age at menopause (natural or surgical), diet (calcium,
protein (2}, vitamin D intake, alcohol and tobacco).

2) Physical examination. Of course, clinical examination can not assess the amount of bone
lest and in fact the most important information to be obtained by a physical examination
concerns possible causes of secondary osteoporosis. Examination with regard to
osteoporosis itself should include 2 measurement of height and of the arm span and a
careful investigation of signs and symptoms of vertebral fractures: spinal angulation,
upper abdominal transversal skin fold and leaning of the ribs on the pelvis should be
noted. Although no general agreement exists, it might be useful to do 2 complete blood
cell and differential count, routine blood chemistry plus (including measurements of
calcium, alkaline phosphatase, creatinine, protein spectrum, thyroid function and
erythrocyte sedimentation rate. To exclude osteomalacia a measurement of 25-(OH)
vitamin Dy may be helpful. Abnormalities in these studies might point to a form of se-
condary osteoporosis. A dexamethasone screening {suppression) test and a bone marrow
examination should be reserved for special cases.
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1.5 Radiography, osteoporosis and osteopenia

A routine radiograph is insensitive with respect to the estimation of bone mineral mass:
the bone mineral density must have decreased by at least 30% before a reduction can be
observed?®. However, vertebral deformities such as ballooning of intervertebral discs and
wedging or collapse of vertebral bodies may indicate osteoporosis.

Radiographic criteria for osteopenia of the spine are:

1) a pattern of vertical stratification (representing the remaining vertical plates and
trabeculae in the vertebrae),

2y decreased radio-density, recognized by visibility of the iliac crest through L4 and L5 on
the lateral spine film, and decreased contrast in radio-density between the interior of
the vertebral body and the adjacent soft tissue,

3) the increased relative density of the vertebral endplates compared with the central part
of the vertebral body.

For the hip, changes in cancellous pattern of the upper part of the femur, have been
graded according to the Sing index'. A comparable index was developed for the calcaneus'?,
Correlations with the results of guantitative methods of bone mineral assessment are weak. Al-
though it appears to be a simple method, it is rarely used in c¢linical practice, probably because
it is time consuming and the standardization remains a difficult issue.

1.6 Osteoporotic fractures

As stated before, non-traumatic fractures may help to define osteoporosis. The diagnosis
of vertebral fractures in clinical practice is usually biased by the personal view of the
physician who interprets the lateral X-ray films of the spine. Several methods have been
developed to gquantify spinal deformity, Doyle used an index of biconcavity of the lumbar
vertebrae?? and Horsman's method is based on the number and severity of the vertebral defor-
mities’®. Recently arbitrary criteriz have been developed to define spinal fractures and how to
measure spinal deformity®® 2% 7. These criteria are used for monitoring osteoporosis and its
treatment, although in daily clinical practice these methods are seldomly used.
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Typical fractures in osteoporotic patients are:

1) wedge fracture of a vertebral body, sometimes called anterior wedging (ventral height of
the vertebral body amounts to 80% of the dorsal height or less), the limit of 80% may
however, vary per region of the vertebral column®?,

2) collapse fracture (both anterior and posterior compression); this regards especially the
vertebrae Thi2 through L4,

3 severe biconcavity can be seen as an osteoporotic fracture (central compression),

4} fractures of the hip,

5} Colles fractures.

1.7 Scope of the thesis

The first aim of this thesis was to investigate the clinical potentials of the most common
non-invasive methods of bone mineral assessment.

First, the calculation routine of one of the measurement devices used in this thesis, the
Dual Photon Absorptiometry (DPA) of the vertebrae L2 through L4, was modified. Qur
modification resulted in a faster performance, This is described in the Appendix.

Secondly, reference values were obtained by measuring 171 healthy dutch females, this
was done by measuring the mineral density in the proximal and distal forearm by Single
Photon Absorptiometry (SPA) and in the lumbar vertebrae 2-4 by Dual Photon
Absorptiometry (DPA). Based on these results 2 transversal study was preformed of the rate of
bone loss over the decades at the various measuring sites, This is described in detail in Chapter
5.

Thirdly, the diagnostic sensitivity of several non-invasive methods 1o detect osteoporosis
(SPA, DPA and Single Energy Quantitative Computed Tomography (SEQCT or QCT) den-
sitometry of the vertebrae L1 through L3) were studied by comparing a group of ostecporotic
females with a group age-matched healthy women (Chapter 6).

The second aim was to study severzl potential determinants of the bone mineral mass
applying the non-invasive techniques for bone mineral assessment.

In order to study the importance of endogenous estrogens and their binding protein and
body mass index as determinants of the bone mineral mass in elderly postmenopausal women
we selected two groups of women from the open population with high and low estrone levels,
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respectively. Within these groups a subdivision was made based on body mass index and on the
serum level of sex hormone binding globulin (SHBG). The results obtained with SPA, DPA
and QCT are given in Chapter 7.

In order to imvestigate the effect of glucocorticoids on bone mineral density we
performed two studies: 1) A cross-sectional study was done in patients with Primary Biliary
Cirrhosis with and without glucocorticoid treatment (Chapter 8), 2) a longitudinal study was
carried out to investigate the possible bene sparing effect of the vitamin D, metabolite, le-
hydroxyvitamin D; on glucocorticoid-induced bone loss in patients with chronic obstructive
lung disease. The results are described in Chapter 9.

Finally, a survey has been performed about the usefulness of several putative risk
factors with regard to osteoporotic fractures (Chapter 10.). Based on data from the literature
the usefulness of mass screening is discussed.
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CHAPTER 2

NON-INVASIVE METHODS FOR THE ASSESSMENT
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2.t Introduction

The increasing interest in 0steoporosis has lead to the development of several methods
for measuring the bone mineral content and density in a2 non-invasive way. Beginning with the
quantitative assessment of cortical thickness, the field has steadily grown throughout the years.
Several quantitative methods for assessing bone mineral status are now operational. These
techniques are whole body calcium measurements as well as regional measurements at various
skeletal sites.

Assessment of human total body calcium is difficult to achieve in vivo. Neutron
activation of the whole body followed by whole body counting of “°Ca has been used for this
purpose. The only other techniques which are able to estimate total body calcium, are dual
photon absorptiometry or dual energy X-ray absorption {DEXA) of the whole skeleton, which
method will be discussed later on. Clinically better applicable is the approach of the regional
measurements of the bone mineral mass. These technigues provide information focused on
fracture sites and they are nowadays common practice in the research of osteoporosis and
other metabolic bone diseases.

In this chapter an overview of the various available methods of guantitative bone
mineral assessment will be given,

2.2 Precision and accuracy

In evaluating the various methods of the assessment of the bone mineral content and
density it is necessary to determime their precision and accuracyl. The precision or
reproducibility of a2 measurement is usually given as the coefficient of variation (CV) of the
results of repeated measurements of the same object or subject, this is calculated by dividing
the standard deviation by the mean, Especially in longitudinal studies, a high precision or
reproducibility is of the utmost importance in assessing changes over time of the bone mineral
content and density and in deciding whether an observed difference constitutes a real biologic
change or not. it was shown by LeBlanc et al. that two measurements with a scanner with a
CV of 4% would have to differ more than 5.6% (the square root of (4%+4%)) to be confident
(confidence level of 95%) that a real change had cccurred?®.
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In the evaluation of a reported precision of a measuring device several aspects are of
importance:

1) short- and long-term precision (for real long-term precision assessment phantoms are
necessary),

2) repeated measurements with and without repositioning,

H CV’s obtained with phantoms, normal subjects or osteoporotics,

4y intra- and inter-observer variations.

In general the short-term reproducibility is better than the long-term one. Both systemic
and random errors contribute to this difference®.

Repositioning of the object under investigation will introduce additional variance in the
results of repeated measurements. Therefore it is of importance to know whether the CV is
based on measurements with or without repositioning.

Repeated measurements of osteoporotics show a larger CV than those of normals or
phantoms®, This is partly explained by a more difficult location of the region of interest (for
spinal measurements), a low bone mineral mass in relation to the mostly normal soft tissue
mass.

Intra- and inter-observer variations are nowadays a relatively small problem, because
most devices operate (semi)-automatically.

Accuracy 1s a measure of the degree to which the bone mineral measurement agrees
with the true (or an accepted "true") bone mineral mass®. These "true* values are generally
obtained by measuring cadavers followed by chemical or physical analysis®. Accuracy is
important in cross-sectional studies in which results between two or more populations or
investigations are compared. In Table I the precision, accuracy and radiation doses are given.
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Table I

Precision, accuracy and radiation dose of several non-invasive methods for measuring bone
mineral mass.

Precision Accuracy Radiation References
Radiogrammetry 1-2% - 50-100 uSv 8
QMD 1% - 50-400 pSv 10
SPAprox 1.0% 2-5% 20-100 uSv 11,13,14,15
SPAdist 1.9% 2-5% 20-100 uSv 11,13,14,15
DPA 2.3-3.7% 3-5% 50 pSv 3,4,6,15,17
DEXA 1.5% 1.0% 10-30 uSv 15,19
QCTY 2,7% 20% 1-10 mSv 1,15,22,23,

24,2526

2.3 Radiogrammetry

Radiogrammetry i the measurement of the thickness of the cortex of metacarpal or
phalangeal bones using standard antero-posterior radiographs. The outer and inner diameter of
the metacarpal or phalangeal bones are measured. Advantages of this method are the relative
simplicity, the low costs and negligible radiation dose. Disadvantages are the limitation to the
peripheral skeleton: No information is obtzined on the cancellous bone. Furthermore, this
method does not take into account the possible existence of intracortical porosity.

The correlation of metacarpal bone density with bone density measured at other sites
with other techniques is reasonable and is comparable with that of the results of single photon
absorptiometry of the distal forearm. For epidemiological investigations with large numbers of
participants and a long period of follow up metacarpal radiogrammetry appears to be 2
valuable tool’. The precision is improved by multiple measurements of the metacarpal bones
and is than 1-2%°%,

2.4 Radiographic densitometry

Quantitative radio-microdensitometry (QMD) of a phalanx on standardized radiographs
gives an indication of the BMD. The density of the bone on the radiograph is analyzed with an
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optical microdensitometer together with a simultanecusly radiographed aluminum reference
wedge®, Because two standardized radiographs are made in planes perpendicular to each other
an estimation of the bone mineral content per unit of volume can be achieved. The results are
expressed in mm aluminum equivalent/mm?. In normal people the coefficient of variation was
found to be less than 1%,

2.5 Photon Absorptiometry
2.5.1 Single photon absorptiometry (SPA)

SPA was first described by Cameron and Sorenson in 19631, They developed a2 method
to measure bone mineral content and bone width, The technique uses a linear scan by a
radiation beam across the region of interest. The beam consists of gamma photons emitted by
1257 and a detection system measures the attenuation. The source holder and detector-
photomultiplier are mechanically coupled and move with a constant speed over the region of
interest which is placed between source and detector. The collimated beam (271 27,5 KeV.)
passes through the forearm, which is surrounded by a soft tissue-equivalent {mostly water) to
constant thickness. The attenuated beam is detected by a Nal crystal-photomultiplier and
transformed into a digital read out against the position of the scanning device. The result is
expressed in arbitrary units (U) per unit of axial length of bone (the region of interest) or
after calibration in grams hydroxyapatite (Ha) per ¢m. By division of this result by the bone
width (measured at the individual scans) the data are expressed as U or g Ha/cm? and are thus
normalized for inter-individual comparison. Most commercial available deviges have some
kind of fat correction, the raw value of BMC is corrected by an algorithm based on the
various amount of fat in the surrounding soft tissue. This is of particular importance since
treatment of osteoporosis may alter body composition, without a fat correction the results of
bone mineral content measurements by SPA may be spuriously altered®®. In our laboratory the
coefficient of variation was determined by measuring (with repositioning) 50 normal subjects
and proved to be 1,9% and 1.0% for the distal and proximal site, respectively*®. The proximal
measurements show a better CV than the distal ones, this is because small differences in the
location of the forearm in the apparatus (repositioning) will result in a slightly different
measurement site. The difference in bone mineral density zlong the forearm is smaller in the
proximal site (tubular bome of relatively constant composition). The accuracy has been
determined by measuring excised bones or phantoms containing known weights of bone
mineral. This was done by Cameron'?, who found values about 3%, later higher values (6-8%)
were found some of this difference may have been related to whether or not the calibration
bone sampies contained bome marrow'‘, The radiation dose is Iow (20 to 200 uSv) with a
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negligible whole-body dose®s.

2.5.2 Dual photon absorptiometry (DPA)

DPA is developed to measure the bone mineral content of lumbar vertebrae (mostly L2
through L4), the femoral necks or the whole skeleton. As is the case with SPA, the
measurement is an integral one, which means that cancellous bone and cortical bone can not be
measured separately.

The dual photon source emploved in DPA devices is mostly Gadolinium*™®, but a
combination of other radionuclides is also possible. The advantage of Gadolinium™? is the
common decay of both photons {100 and 44 KeV), as this source is commonly used we restrict
ourselves to the description of the use of this source.

The physical half-life of Gadolinium®®® decaying to-stable Europium® is 242 days, The
source strength used is 1-1.5 curie and a lifetime of about 18 months is common in clinical
routine. A collimated beam of two gamma photons with energies of 100 KeV and 44 KeV s
attenuated by the object. A detector is coupled to the source-holder, which is located at the
other site of the object measures the non-absorbed photons.

The method is based on the following principle: absorption of photons is dependent of
the photon energy, the kind of absorbing material and the thickness of the absorber. In this
case the absorber consists of soft tissue and bone mineral in bone tissue. To eliminate the
influence of the (variable) soft-tissue mass on the results of bone mineral measurement two
separate measurements are done with two different empergies. The principle is that the mass
attenuation coefficients of bone and soft tissue differ as 2 function of photon energy. By using
two photon energies it is possible to calculate the attenuation in soft tissue independent from
the attenuvation in bone. Subsequently, the computer calculates the BMC.

The algorithms used to calculate the BMC and BMD are discussed in the appeadix.

Several manufacturers are developing new methods such as the replacement of the
detector by a gamma scintillation ¢amera. Gamma cameras are readily available at puclear
departments and can register two energies simultaneously. However, there are considerable
difficulties such as scatter from the patient and scatter from the high energy after passage
through the patient to the lower energy window. Improvements are the use of multiple
detectors, which decrease the scan time. There is also interest in obtaining lateral measure-
ments, because in the case of severe calcifications of the zorta in the lumbar region the frontal
measurement will give a spuriously high BMC. In our laboratory the coefficient of variation
was determined by measuring (with repositioning) 20 osteoporotic women and proved to be
3.7% and 2.3.% for BMC and BMD, respectively’®. The accuracy based on multiple
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measurements of excised vertebrae or spines of cadavers is between 5 and 10%5 %7,
However, future developments will probably be influenced by the break-through of the
Pual Energy X-Ray Absorptiometry technique.

2.6 Dual Energy X-Ray Absorptiometry (PEXA or DXA)

An important new method for assessment of bone mineral mass is Dual Epergy X-Ray
Absorptiometry (DEXA or DXA) also known as Quantitative Digital Radiography (QDR)}. The
concept of DEXA is quite similar to DPA, but differs from DPA in that the radicactive source
is replaced by a special X-ray tube. Like the emission of two photons with different energy
and absorption characteristics in DPA, DEXA uses dual energy X-rays. The advantage of this
X-ray source is the much higher intemsity compared t¢ Gadolinium™. A tube with an average
current of 1 mA produces 500 to 1000 times more photon filux than a new 1 Curie

Gadolinium?!5?

source. DEXA i1s used in the same regions of interest as DPA.

In order to overcome technical problems such as imstability of the x-ray source and
beam hardening due to polychromaticity, an internal reference device is implemented. The
apparatus measures the patient together with a calibration disk consisting of various x-ray
absorbing reference materials (the calibration wheel). This is done on a pixel-by-pixel basis
for both energies, so that when the x-ray beam is detected it contains information of both the
unknown patient absorption characteristics and the known absorption characteristics of the
calibration wheel.

Advantages of this method over DPA are z faster performance (5 min. versus 20 min.
with DPA for 2 lumbar scan), a higher resolution and consequently a better precision. The
very high correlation (r=0.94) found for the lumbar vertebrae between DEXA and DPA
underlines once more that principally the BMC is assessed in 2 similar manner®®. In normal
peopie the coefficient of variation was found to be less than 1.5% for spinal measurements and
2.%% for measurements of the hip?®.

2.7 Quagrtitative Computed Tomography (QCT)

QCT i1s the only non-invasive technique for bone mineral assessment which is capable of
measuring selectively the cancelious and cortical BMD, This capability is a great advantage
over the other methods because canceilous bone has a higher metabolic turnover rate than
cortical bone®® #'. Another advantage of the method is the fact that QCT measurements can be
performed with commercially available Computed Tomography (CT) scanners with minor



adaptations only. The method is described in chapter 6. The precision based on measurements
of phantoms is 1-2%, but in vivo the precision is much poorer®. We found a precision of 2.5%
and 2.7%, respectively, for L2-L3, in scanning (with repositioning) 10 osteoporotic women
twice?®, The radiation dose is higher than with photon or roentgen absorptiometry?® 24,

The accuracy of QCT is less than with the other non-invasive methods and is about
20%25. Intravertebral fat may lead to an underestimation of the BMD, due to the lesser
attenuation by fat, Intravertebral fat increases with age and bone marrow mass falls, in order
to overcome this problem Dual Energy QCT (DEQCT) has been utilized. To this end CT
scanners have been programmed to make scans of the same slide with both high and low
kilovolt tube potentials. The differences of the density values are used as a measure for the
bone mineral density®°.

2.8 Other techmigues:

Compton scattering (CS)

Photon absorptiometry and QCT have in common the attenuation of an energy beam by
the tissue which is measured. Furthermore, the source of the beam, the object under
investigation and the detector are placed in line. CS, however, employs a scatter-detector at
different angles with the line source-object. The method is based on the scattering of X-rays
or photons by the electrons of an atom, whereby part of their energy is transferred to the
electrons. Consequently, the energy of the x-ray or photons falls and is dependent on the angle
of the scatter. The method is rather complicated and the radiation dose is between 3 and
10.000 uSv®. Furthermore, a disadvantage is the inability to distinguish between bone tissue
and bone marrow, Also no distinction can be made between the cortical and cancellous bone
compartments. Precision and accuracy are between 3 and 5%. Up to date there have no
impozrtant ¢linical applications been described of CS.

Neutron activatiom (NA)

In vivo Neutron Activation {(NA) is a complex technique and only operational in a few
research centres, because of the special equipment needed for the particle acceleration and the
difficulties in detecting the very low levels of radiation activated from the elements. With this
method neutrons from an accelerator {or reactor) are used which bombard the total natural
(constant) fraction of **Ca in the body. By absorbing a neutron the calcium nucleus is excited.
The “®Ca changes to “°Ca, a radioactive isotope wirh 2 half-life of only about 9 minutes. By
counting the decay of “°Ca externally an estimate of the total amount of calcium in the body is
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made. As a consequence of the neutron bombardment other elements in the human body are
also converted (**Na, *®Cl, *2P and others). The gamma rays emitted are detected by a whole~
body counter and subsequently analyzed by a spectrometer system. NA cannot distinguish
between cancelious and cortical bone, However, the major disadvantage is the high radiation
dose of 2000-30000 pSvZ7 28,

Because it is an expensive z2nd extremely complicated method and has a high radiation
exposure NA Is not suitable for routine practice and will be a research tool only.

Magnetic resomance imaging (MRI)

MRI is a non-invasive technique, that recently has become operational in clinical prac-
tice and that does not use ionizing radiation. In vivo recording of *'P MR spectra of the bones
of the fingers and wrist has been reported®®. Signals from soft tissue and bone marrow *'P
may interfere with the precision and accuracy. No clinical experiences on bone analysis have
been reported up till now.

Broadband ultrasomic attenuation (BUA)

BUA of the ankle or patefla is used to assess bone mineral mass and structure. The great
advantage i1s the absence of radiation which opens the possibility for large scale population
investigations. The method is based on measuring the rate of change of attenvation with
varying the frequency of the ultrasound. A moderate but significant correlation (r=0.75,
p<0.001) between BUA and SPA of the forearm was found in patients with different disease
conditions®’.

An important aspect of BUA is the possibility to study trabecular structure by ultrasonic
parameters’®. BUA is a rather new technique and little clinical experience is available.
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CHAPTER 3

BICLOGICAL AND CLINICAL ASPECTS
OF BONE MINERAL MEASUREMENTS

37






3.1 Introduction

In recent years much effort has been put into the development of non-invasive
assessment of bone mineral mass and the possible prediction of the fracture risk in suspected
osteopenia or in osteoporosis. Various techniques have been developed to quantify the bone
mineral mass, each of which provided different information on cancellous and/or cortical
bone mineral mass in the axial or peripheral skeleton. It has been demonstrated that the
compressing or breaking strength of bone is linearly related to mineral content* 2.

Another indication for bone mineral measurement 1s the monitoring of the longitudinal
course of the bone mineral mass. For instance to evalvate the effect of aging, disease or
medication (e.g. glucocorticoids).

3.2 Bone mineral mass, content and density

The term bone mineral mass may be used to refer to the mass of hydroxyapatite (Ha) in
the whole skeleton. However, the results of regional measurements may also be referred to as
bone mineral mass. The term bone mineral content (BMC) is reserved for the absolute mass of
bone mineral measured in the forearm (as in the case with SPA, expressed as units or grams
Ha/cm), or measured in the lumbar spine along the region of interest L2-L4 (as with DPA,
expressed as units or gram Ha per L2-L4). This expression is mostly used in longitudinal
studies of the same individual. Evidently, exact reposition of the region of interest is
mandatory in this type of study.

It is now widely accepted to use the term bone mineral density {(BMD) for two types of
measurements. Strictly speaking density means mass divided by volume (e.g. g of Ha/ml). This
applies to the results of QCT. The results of the photon absorptiometric devices are expressed
as arbitrary units and afier calibration in g Ha. Dividing this entity by the projected surface
of the measured bone region (which generally applies to the lumbar vertebrae measured by
DPA) gives the dimension g HA/cm?, which is also called BMD, This expression is especially
used for inter-individual comparisons, because it corrects for the size of the bone measured
and thereby for the total body mass®.
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3.3 Pezak bome mineral mass

Research on osteoporosis has been focused on the rate of bone mineral loss, and only

recently attention has been given to the peak bone (mineral) mass (also called peak adult bone
mass). It is becoming increasingly clear that the (peak) bone mass from which the bone loss
starts off is a major factor in the pathophysiology of fractures. Moreover, because it appears
1o be difficult 10 replace lost bone, more effort has to be aimed at preventing bone loss and at
attaining 3 higher peak bone mass in growing individuals. Recently it has been demonstrated
with QCT that vertebral cancellous BMD reaches its peak around the time of cessation of
longitudinal growth at epiphyseal closure®. In contrast, with DPA it appears that bone
(mineral) mass increases until the mid-thirties®, Because of the reluctance to expose the
growing individual to gamma radiation, data are relative scare concerning peak bone {mineral)
mass based on densitometric studies. Consequently, little is known about the factors which are
thought to influence peak bone mineral mass, such as genetic factors, exercise (weight loading
factors), nutrition {Calcium, proteins, calories, vitamin D} and environmental factors (sun ex-
posure). In two cross-sectional studies on premenopausal women a significant positive
correlation was observed between daily calcium intake and (peak) bone mass® 7.
The (limited) information on peak bone mass and its determinants is based on cross-sectional
and not on longitudinal studies, that would have besen more conclusive. Nevertheless, incre-
asing attention is directed towards the peak bone (mineral) mass of yvoung women as an impor-
tant risk factor of osteoporotic fractures of elderly women.

3.4 Bope mineral mass and bone loss

In order to determine rates of bone loss densitometric and biochemical methods are
employed. Two bone mineral mass measurements with a certain interval of time will give the
overall result of bone formation and bone resorption. The significance of differences between
the results of repeated measurements is dependent on the precision of the method used (see
2.2) and the order of magnitude of the expected rate of loss of bone (mineral) mass. On the
other hand, also biochemical parameters have been studied in order to estimate the rate of
bone loss® 5.

It has been estimated from cross-sectional and longitudinal studies with SPA and DPA
that in women peak bone mass is reached at the age of 30-35 years. There is probably
essentially no premenopausal bone loss from the age of 18 to 44°. In the last decennium befo-
re the menopause axial BMD diminishes by 7-8%, while loss of peripheral BMD (mainly corti-
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cal) is minimal or absent'l. After the menopause an acceleration of cancellous (and to a lesser
extend cortical) bone loss occurs™®, followed by a lower rate of bone loss at higher age®® *, It
has been documented that in the first ten years after menopause 50% of the total vertebral
bone loss tzkes place™. By DPA measurements it was shown that about 20% of the lifetime
femoral neck bone mineral loss and 30% of the trochanteric loss occurs in the early post-
menopausal period®. The total loss of bone mineral content is 30-35%%7 &,

Although on male human beings less information is available, there is probably a diffe-
rent pattern of bone loss: after the age of 35 years a more or less constant rate of loss of bone
mineral occurs leading to a total loss of 10%2°.

With QCT the number of studies of the normal population is lower than those with
DPA. Bone loss assessed with QCT is comparable to the results obtained by DPA. It appeared
that the first years after ovariectomy the rate of bone mineral loss was 5 to 7 times higher in
the lumbar vertebrae (cancellous bone) than measured at the forearm with SPA (cortical
bone)?°. From these results it has been concluded that cancellous bone is more sensitive to
estrogen deficiency than cortical bone. Consequently, it illustrates the importance to study
selectively the cancellous bone compartment. With QCT 2 mean yearly cancellous vertebral
bone loss of 1.0-1.2% is observed in women from 20 to 80 years. Also with this method an
acceleration of the rzte of loss is observed around the menopause®l,

3.5 Bone mineral mass and loss at different skeletal sites

During more than 20 years SPA measurements of the forearm have been performed in
research and daily practice. The relatively cheap equipment and the good precision are
responsible for the popularity of this method. The technique for ultra-distal measurements in
the forearm has been developed im an attempt to measure 2 higher percentage of cancellous
bone and to better predict the bone mineral mass at an axial site (more cancellous bone). The
results of the measurements at the ultra-distal and more proximal sites in the forearm correlate
very well with the bone mingral mass of the whole body®%, but only moderately with spinal
BMD?®® 2%, Furthermore, the correlation between peripheral and axial bone mass weakened
with aging®. Moreover, there was no correlation between the rate of bone loss at the various
sites®®, Some investigators even claim that the peripheral bone mineral mass will predict
vertebral fractures better than axial measurements®®. These controversies are partly due to
differences in method and patient selection.

While evidence is accumulating that bone mineral mass measurements at different
skeletal sites yield different information, there is still uncertainty t© what extent the results of
peripheral and axial measurements can predict vertebral and other osteoporotic fractures. As

41



could be expected the results of measurements of the bone mineral density at the so-called
fracture sites correlated better with the incidence of those fractures than those of
measurements at other skeletal sites®. There appear to be different patterns of bone loss at the
various sites not only during aging®, but also in disease or in response to medical treatment?®
(e.g. fluoride®®).

In general, the peripheral bone mineral mass provides at least in normals a reasonable
impression of the total bone mineral content. In the individual however, information obtained
at the forearm is insufficient to predict BMD of the lumbar vertebrae or the hip.

3.6 Bone mineral mass ané seasonal variations

Because the occurrence of seasonal variations in 25-hydroxyvitamin D levels is well es-
tablished®® 31, several investigators looked for evidence of seasonal variations in bone mineral
mass. Krolner described a cyclic fluctuation of the lumbar bone mineral mass, which he
explained by differences in mechanical loading of the vertebrae over the year 2. This finding
was confirmed by investigators from the Mayo clinic, who found an average higher BMD of
the lumbar spine of 1.4% in the late summer®, Later other investigators reported a seasonal
variation of the peripheral bome mass accompanied by cyclic fluctuations of alkaline
phosphatase and whole body retention of °Tc-diphosphonate®®. Using neutron activation
Tothill et al, however, could not find evidence of a seasonal variation of bone mineral mass®®.

Although no agreement exists about the existence and, if so, the magnitude of seasonal
differences in bone mineral mass, it is of importance to keep this phenomenon in mind when
longitudinal studies are performed or when data on bone mineral mass obtained in different
seasons are compared.
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3.7 Bone mineral mass, bone strength and fractures

In clinical practice bone muneral measurements are performed to predict the risk of
fractures or to monitor therapeutic interventions. However, several studies report a lack of
discriminatory power of bone densitometric measurements in the separation of women with
and without fractures (see also chapter 6). This relative insensitivity of densitometric
measurements in “predicting” fractures (or better: diagnosing already existing fractures) might
be explained by:

1} a wide biological variation in both the fracture and the non-fracture groups,

2) several forms of potential bias inherent to cross-sectional designs, such as

postfracture bone loss due to immobilization or, on the contrary, spurious elevations of

bone mineral density due to callus formation, Furthermore, healthy ¢ase-controls may
not be as healthy as expected,

3) limited correlation between the results of cortical measurements and the occurrence

of certain fractures or between the bone mineral mass at peripheral and axial sites

respectively,

4) a poor correlation in vivo between bone mineral mass and bone strength in the

regions where ostegporotic fractures occur.

Because most densitometric methods measure cortical and cancellious bone together, no
distinction can be made between cortical or cancellous bone losses. In certain regions of the
skeleton changes in cancelfous bone mass might reduce bone strength to 2 higher extent than
quantitatively comparable changes in cortical bone mass.

The inadequacy of this -of necessity- mass-based approach of osteoporosis has directed
attention to causes of fragility other than reduced bone mineral mass, the so-called "quality
versus quantity" concept. One of those gqualitative (intrinsic) bone factors is fatigue damage, 2
well known phenomenon of solid materials. It is understandable that accumulated fatigue
damage associated with a low turnover of bone tissue, may weaken bone quite apart from its
mass°®. This is illustrated by the increased incidence of fractures in osteopetrosis, where bone
density is above normal, but bone turnover rate is low. Unfortunately, it is at the moment
nearly impossible to quantify fatigue damage in an individeal. The importance of this
phenomenon is as yet not its application in daily clinical practice, but awareness of this con-
cept will lead to a better understanding why fractures occur. Furthermore, fatigne damage
fractures may be conditioned by the age of bone tissue (e.g. the proportion of dead bone),
which means that a low bone turnover may favour the occurrence of this type of fracture.
This may have consequences for therapeutic interventions,
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Amnother factor contributing to fragility apart from bone mineral mass is connectivity or
the degree with which bone plates and trabeculae are connected with each other. Kleerekoper
et al. have investigated the three-dimensional architecture of vertebrae by high resolution CT
scanning and found evidence for a lower connectivity in severely osteoporotic bone than in
normal bone®’. The decrease in bone mass and the loss of connectivity in the vertebral body
cancellous bone will jead to an extreme loss of strength with age®® *°, Besides fatigue damage
and decreased connectivity of trabeculae, changes in chemical properties of the bone matrix
and mineral depositions are of importance in determining the quality of bone. These three
intrinsic factors of bone quality are also operating in other solid materials. However, bone
differs from solid materials by a "built-in-repair" mechanism, namely the osteocytes. It has
been postulated that these osteocytes (bone remodelling units) are stimulated by fatigue
damages*®. This hypothesis raises 2 number of fascinating questions: What is the nature of the
signal that is produced by fatigue microdamage? How is this signal detected and processed?

In a recent paper Heaney postulated 2 three-dimensional fracture space: Low bone mass,
fatigue damage and cancellous discontinuity are placed on three axes*l. This scheme may help
to understand why some people will have fractures and others will not, given the same amount
of bome mineral mass and why they develop fractures of a specific type (Colles- and hip-
fractures as examples of fatigue damage and vertebral crush fractures as an example of
trabecular discontinuity). Another important aspect of this scheme is that it places bone mass
in g larger context, as only one of the intra-osseous factors causing fragility. Furthermore the
interaction between these factors is interesting: as bone mass declines more strain s put on the
remaining bone elements thereby increasing the amount of fatigue damage, whereas less mass
will 2150 lead to less connectivity and thus to a higher fragility. Not taken into account in this
scheme as intra-osseous factors are the relative guantity and the chemical quality of the
mineral (Ha) and organic components {collagen and other) of the bone tissue.

Extra-osseous factors in the development of fractures are the neuromuscular condition
{the tendency to fall) and the energy absorbing quality of the surrounding subcutaneous
adipose tissue, In 2 postal survey of 2000 females and 2000 males it was shown that the higher
incidence of distal forearm fractures in the perimenopausal period is correlated with a higher
tendency to fall during that period*?, Furthermore, ir a longitudinal survey several risk factors
for falling were identified and their adjusted odds ratio’s were calculated varying from 28,3
for sedative use to 1,8 for foot problems™®.

It should be kept in mind, that although in vitro studies show a high correlation between
bone strength and bone mineral mass®® 3%, in vivo the above mentioned factors may lessen the
correlation between fracture incidence and bone mineral mass.

The effects of age and bone mass were studied simultaneously on fracture risk by Huli et
al**. They observed that both age and bone mass are important determinants of future
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fractures. In addition, age appeared to be a stronger predictor of hip fractures, whereas
midshaft radius bone mass was a strong predictor of fractures at the forearm. A difference in
age of 10 years compared with a comparable difference in bone mass (0.1 g/cm, which is the
average population decline in 10 vears) showed a two and 2 half times greater fracture risk. In
other words a bone mass of an older age is more fragile than an equivalent younger bone mass,
which is completely compatible with the concept of fatigue damage and z less sufficient repair
mechanism.

In conclusion, the risk of fractures is determined by several factors and not only by
bone mass. Factors like bone architecture (trabecular connectivity), age and quality of the
bone tissue (fatigue damage) and the tendency of elderly people to be increasingly involved in
minor traumatic events may be equally important for the occurrence of osteoporotic fractures.

3.8 Bone minerzl mass and the fracture threshold

The fracture threshold (FT) is a hypothetical level which should discriminate between
individuals with 2 high or low risk of developing osteoporotic fractures. Knowledge of such an
FT would be most helpful in determining which individual is at risk for osteoporosis and
should be treated prophylactically. It will be clear that for defining an FT, quantitative
techniques will be necessary. Based on a prospective study, Ross et al. defined it as the BMC
at which the risk of fractures doubles as compared to the risk in premencpausal women®®,
Others chose their FT at the lower limit of BMC of young normals*®: either below the 10th
percentile or more than 2 standard deviations below the mean of young mormals. This would
imply that 50% of all the women aged 65 and over are classified as osteoporotics. If the
highest BMD in the ostegporotic group is defined as FT, the bone mass of half of the women
above 55 vears and of almost all women above the age of 70 will be below this threshold.
Therefore, the choice of such a ¢ut-off level is highly arbitrary and as a consequence of these
definitions an important percentage of normal women will be classified as high risk or (pre-
Tosteoporatic.

Several studies have compared fracture with non-fracture cases and although the latter
had higher average BMC’s or BMD's the differences were small and the overlap was con-
siderable (see Chapter 6). Because of these findings, the usefulness of densitometric measure-
ments for detecting osteoporosis has been questioned, however several longitudinal studies
have shown that bone mineral measurements may predict future {ractures to some extent (this
issue is discussed in detail in Chapter 10). Furthermore, there exists controversy about which
measurement device at which skeletal site and in which bone compartment (cancellous or
cortical) is the best method with regard to these issues*” 6.
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CHAPTER 4

TREATMENT OF POSTMENQPAUSAL
AND GLUCOCORTICOID OSTEQPOROSIS
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4.1 Entroduction

The treatment of osteoporosis has two aims. Firstly, the treatment of spinal fractures
consists of analgetics and in severe cases by short periods of immobilization. In order to reduce
further bone losses the patient should be instructed to ambulate as soon as possible. Fractures
of the long bones, especially of the femoral neck may require surgical intervention and this
will not be discussed here. Particularly in these older patients immobilization carries a very
high risk of morbidity and mortality.

The second goal in the treatment of osteoporosis is to prevent new fractures. This means
preventing further reduction in bone mass and when possible increasing bone mass. Because
the amount of bone {mineral} reflects the balance of bone formation and bone resorption,
therapy (or rather secondary prophylaxis) is aimed at increasing osteoblast recruitment and
activity while inhibiting osteoclast recruitment and activity.

Medical treatment of osteoporosis consists of drugs which can modify the processes of
bone remodelling. Roughly, three groups of drugs are used:

1} inhibitors of bone resorption, such as calcium, estrogen, calcitonin and bisphosphonates,
2) stimulators of bone formation, such as fluoride and possible anabolic drugs,
3) drugs with a different or complex action, such as vitamin D derivatives, thiazide drugs,

combinations of drugs (ADFR, see 4.3.8.),

4.2 Primary and secondary prevention

Once osteoporosis is established (and fractures have occurred), it appears to be very
difficult to increase bone mass and prevent future fractures. Therefore, regardless of the type
of osteoporosis, much attention has been given to
the prevention of early postmenopausal bone loss. Because almost 50% of the total loss of the
cancellous bone mass is lost in the early postmenopausal years®, prevention should be exerted
especially in this period. This is called primary prevention. Therapeutic interventions when
fractures aiready have occurred is called secondary prevention.

QOf course the final criterium with regard w0 the effectiveness of preventive strategies is
the reduction of the incidence of fractures.
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4.3 Postmenopausal osteoporosis
4.3.1 Calcium

Calcium and calcium-regulating hormones have important effects on bone, but it is
generally accepted that abnormalities in the secretion of calcium-regulating hormones are not
the primary determinants in the pathogenesis of osteoporosis®. A distinction has to be made
between studies investigating physiologic (low or high calcium intake) or supra-physiologic
(pharmacologic) calcium supplementations. There are several epidemioclogic studies
investigating different amounts of dietary calcium intake. In his cross-sectional study
Matkovic et al found a 60% to 75% reduction in hip fracture in Yugoslav women with calcium
intakes in the range of 1,000 to 1,100 mg/day, compared to the incidence of hip fracture in
women with intakes of about half that level®. The women with the higher calcium intake had
also a higher intake of calories, while the average body weight was comparable between the
two groups of women. This might lead t0 the conclusion thar the women with the higher
calcium intake had probably a higher level of physical activity, and thereby higher bone
mineral mass and less fractures. Holbrook et al reported, In a prospective study, a 60% lower
rate in hip fracture in individuals with high intakes {above 765 mg/day} versus those with low
intakes (below 470 mg/day) of calcium®. These observations are compatible with those from a
recent study in which it was shown that healthy older postmencpausal women with a daily
calcium intake of less than 400 mg can reduce their bone loss by increasing their calcium
intake to 800 mg per day’®. This latter study is an example of the bone sparing effect of
increasing calcium intake, although the intake of 800 mg of calcium a day is not supra-
physiologic. The conclusion from this study is probably that correction of a deficient calcium
intake t0 a normal intake reduces bone mineral loss.

In another (prospective) study, however, it was concluded that a reduced intake of
dietary calcium does not seem to be a risk factor for hip fracture®. Moreover, no protective
effect of a higher habitual calcium intake on the rate of cortical bone loss in the forearm
could be demonstrated in z 8-years follow up study’. In an other study the same investigators
could not find a correlation between habitual daily calcium intake (range 560-2580 mg/day)
and either bome mineral content of the radius, the lumbar spine and the femoral neck®
Comparable results of dietary calcium and peripheral bone mineral loss in postmenopausal
women are reported by Recker and Heaney®.

It was estimated from a calcium balance study that dietary calcium in the post-
menopause should be as much as 1500 mg daily’®. On the other hand well controlled clinical
trials could not demonstrate a beneficial effect of supra-physiological elementary calcium
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suppletion after the menopause®® 2 13 1% In combination with estrogens calcium supplemen-
tation may be beneficial'®, although this observation is not confirmed by others®.

The positive effects of thiazides on calcium balance have been well documented®” *8, It
is interesting that thiazide users had significantly more bone mineral content than non-users
did'®, but further work is required to investigate the effect of thiazides on fracture risk.

In congclusion, it is amazing that there still exists no consensus about the efficacy of a
high dietary calcium intake during childhood and in the perimenopausal years, however a
deficient calcium intake (less than approximately 500 mg/day) should be corrected to 800-
1000 mg daily. Furthermore, the prescription of extrz calcium as a therapeutic or preventive
drug in the management of osteoporosis has to be investigated prospectively®® 21

4.3.2 Estrogens

The usefulness of estrogens for the prevention of postmenopausal bone loss has been
clearly demonstrated in cross-sectional?® and longitudinal®® 2* 2% grudies as well as in
retrospective ("case—control”) studies®® %7, Beneficial effects of estrogens have been observed
both in the axial and in the appendicular skeleton®® 2°, A dose-related inhibiting effect of
estrogen treatment on bome loss was demonstrated by Horsman et al®®. Fyrthermore, they
showed that the minimal effective daily dose was 25 microgram ethinyl estradiol. Christiansen
et al. showed that already 1 mg 17B-estradiol-valerate inhibits bone mineral loss, while 2-4 mg
daily may even increase bone mineral mass®’. For conjugated equine estrogens (Premarin) the
minimal effective dose turned out to be 0.625 mg®2

It must be pointed out that all of these prospective studies on postmenopausal bone loss
have been carried out in non-osteoporotic postmenopausal and/or oophorectomized women.
Additionally, also women with established postmenopausal osteoporosis will bemefit from
treatment with combined estrogens/progestagen therapy (2 mg estradiol + 1 mg norethisterone
acetate)®.

A new development is the transdermal administration of estrogens. Although few
controlled studies on bone mass measurements and fractures are available, there is supportive
evidence that transdermally administered estrogen will also reduce bone resorption®* *3 3¢,

There is general agreement about the bone preserving properties of estrogens, and in
early postmenopausal osteoporosis estrogen replacement therapy (ERT) is regarded as the
treatment of first choice.

Nowadays, in women with an intact uterus estrogen therapy is no longer given without a
progestagen, because of the increased risk for endometrial hyperplasia or carcinoma® % 39
The comcomitant administration of an exogenous progestagen (this combination is called
hormonal replacement therapy, HRT) has to be sufficient in dosage and duration to prevent
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hyperplasia of the endometrium by the ERT. Moyer et al showed that a cyclic combination of
estrogen and progestagen in postmenopausal women leads to partial maturation of the
endometrium and significantly reduces the number of mitoses in both gland and stromal
cells*’. It is generally accepted that the risk of endometrial carcinoma can be abolished by
giving an adequate dose of progestagen cyclically*l. In one prospective study it was shown that
the use of estrogens with cyclic progestagens either removed the increased risk of endometrial
carcinoma or delays its onset*?. No agreement exists 2s to the minimal frequency of the proge-
stagen cycles necessary to prevent endometrial hyperproliferation (monthly?, 3-monthly?).
Another possibility is the continuous substitution of both estrogens and progestagens, the latter
in a low dosage*® **. No long-term prospective studies on this issue (with respect to fracture
risks) have yet been published.

Apart from the protection against endometrial hyperproliferation, several other effects
of progestagen addition during estrogen therapy are unwanted and of little benefit o the
patient. These include recurrence of menses, mastodynia, fluid retention, lower abdominatl
cramps and cyclic changes in mood. Uncertainty exists about the relation between HRT and
the risk of (increased) breast cancer®® “5, While breast cancer is affecting one in 16 women,
already a small enhancement of the relative risk due to HRT might induce a major increase in
breast cancers. The association between exogenous estrogen use and cardiovascular mortality
has been controversial. There exists evidence that estrogens will increase the risk of
cardiovascular disease®’, and recently a negative association between estrogen use and
cardiovascular disease mortality has been reported*®. However, the favourzble changes in
serum lipids induced by estrogen therapy*® may to some extent be counteracted by
progestagens. There is evidence that little negative effects on serum lipoproteins occur with
medroxyprogesterone acetate (Provera) and dydrogesterone (Duphaston)® *°.

Although consensus is reached about the effectiveness of estrogens.in secondary
prevention®, there still are many unanswered questions about the optimumm age to start HRT
and especially how long this therapy should be continued.

4.3.3 Anabolic steroids

Anabolic steroids (e.g. methandrostenolone) are believed to prevent the loss of bone in
patients with established osteoporosis 2, although this was not confirmed by others®, A
double-blind controlled study performed by Geusens and Dequeker showed a beneficial effect
of another amabolic steroid (nandrolone, 19-nor-testosteron) on bone mineral mass at the
radius®™. In an open study a comparable result was found by Need et al®® "5, Later the same

authors reported an ingrease in vertebral density in osteoporotic postmenopausal women. The
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study was designed as 2n open uncontrolled trial with a follow up of maximal one year™. Of
importance with respect to BMC and BMD measurements is the observation of Johansen et al
about the apparent positive influence of soft tissue body composition changes on bone mineral
assessment during nandrolone therapy®®. They reported an increase in lean bedy mass and 2
decrease in fat mass, and therefore a fat-corrected BMC of for example the forearm is
indispensable. It was concluded that nandrolone may increase fat-corrected BMC of the radius
by an increase in bone size with a constant BMD. No significant changes were observed at the
spine.

Commonly reported side effects are changes of the voice and an increase in growth of
facial hair. Orzally administrable anabolic steroids (17-alkyl-derivatives) may induce liver
damage. Nandrolone has to be administrated intramuscularly and 1t appears not to cause liver
damage. The place of anabolic steroids in the treatment of osteoporosis remains to be
elucidated and special attention should be given to their side effects.

4.3.4 Calcitonin

Since calcitonin is an inhibitor of osteoclastic activity, a deficiency of this hormone may
theoretically be involved in the pathogenesis of osteoporosis and, comsequently, substitution
might prevent further bone loss. However, calcitonin levels and reserve have not found to be
decreased in osteoporosis®® and no low bone mass has been found in patients without thyroid
glands®®. On the other hand, Alevivazaki et al reported 2 case of a young male patient with
osteoporosis and no detectable plasma concentrations of calcitonin. Genomic clones
representing his calcitonin gene were analyzed and one single base alteration was detected®?.

Reginster et al demonstrated that intranasal calcitonin can counteract early postmeno-
pausal bone loss®2. Several investigators found a bone sparing effect of intranasally given
calcitonin in the spine but not in the peripheral skeleton®® ¢, An additional finding is the
analgesic effects of calcitonin on acute znd chronic back pain in different forms of
osteoporosis®®.

The major disadvantage of calcitonin is that it has (0 be injected or has to be
administrated intranasally, furthermore the costs of this treatment are impressive compared
with the other treatment regimens for osteoporosis.

4.3.5 Bisphosphorates
Like calcitonin bisphosphonates are potent inhibitors of bone resorption. In zan

uncontrolled study it was demonstrated that treatment of patients with osteoporosis with 3-
amino-[-hydroxypropylidene~1,1-bisphosphonate (APD, pamidronate) resulted in an 3%
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annual increase in lumbar spine bone mineral mass®®. Tt has furthermore been shown that
during treatment for 6 months with tulidronate, znother bisphosphonate, bone mineral density
at the lumbar spine did not significantly change, while the placebo group showed a significant
decrease of 2,1%%. In two prospective double-blind placebo controiled studies of
postmenopausal osteoporosis etidronate (Didronel) was given in a cyelical (intermittent)
scheme:. lumbar BMD increased, while the incidence of new vertebral fractures (deformations)
was lowered®® 9,

APD appeared also to be effective in the treatment of juvenile osteoporosis’®.

The role of bisphosphonates in the treatment of osteoporosis has to be investigated
further, but this type of agent appears to be interesting in future treatment regimes. It is
advisable to restrict this kind of weatment only for severe cases of osteoporosis.

4.3.6 Fluoride

It is known that fluoride is able to increase bone formation in vitro and in vivo’® 7% 73,
although at higher doses osteomalacia changes of bone have been reported’*. Despite the
impressive bone formation stimulating effects of fluoride, there is controversy about the effect
of fluoride on the incidence of fractures. There exists some epidemiological evidence that
non-pharmacological doses fluoride may reduce the incidence of fractures’® 7%, whereas the
therapeutic use of fluoride may result in stress fractures of the lower extremities’” and may
iead to an increase in spinal crush fractures’®. Recently it was demonstrated that treatment
with 75 mg Na¥F daily resulted in 2 higher spinal bone mineral mass, but without 2 decrease of
spinal fracture’®. Moreover, in that study a significant increase of the incidence of non-
vertebral fractures has been observed in the fluoride treated patients. In contrast with these
findings, Maneile et a1 found a beneficial effect of fluoride on spinal fracture incidence®.

It is concluded that (long-term) fluoride therapy with 75 mg daily will increase axial
bone mineral mass, but the higher rate of non-vertebral fractures during the therapy appear to
make fluoride a dangerous drug.

4.3.7 Vitamin D and its derivatives

Some investigators have suggested that patients with postmenopausal osteoporosis have
impaired intestinal calcium absorption®® #2 *%, 1,25-(OH), vitamin D, (calcitriol) is the most
important hormone in the regulation of the intestinal calcium absorption® and several studies
have demonstrated low 1,25-(OH), D, serum levels in patients with osteoporosis® 3° _ There
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is a decreased synthesis of 1,25-(OH), D, in respomse to PTH infusion in women with
postmenopausal  osteoporosis®®.  Additionally, administration of 1,25-(CH), D, to
postmenopausal women (with or without 0steoporosis) restores calcium absorption to
premenopausal levels®®, It is therefore not surprising that the effect of 1,25-(OH), D, on bone
mass has been investigated. The findings have been conflicting, with some reports suggesting
that 1,25-(0OH), D, is without value in the treatment of postmenopausal osteoporosis®® %,
while others have found favourable results® %, In these two latter studies the beneficial effect
of 1,25-(0OH), D, was achieved by decreasing bone resorption, no increase in bone formation
could be observed. It is not clear why the results of these 4 studies show a discrepancy, it
might be due to differences in calcium intake, vitamin D status (or suR exposure} or
differences in patient selections.

Higher doses of 1,25-(0H), D, (2 upg/day) caused a marked stimulation of bone
formation®. However, relatively small doses (0.5 pg/day) will normalize intestinal calcium
absorption, whereas higher doses (>1.0 pg/day) with 2 normal or high calcium intake will
inevitably result in hypercalcemia and/or hypercalciuria. This small therapeutic range and the
potential toxicity are disadvantages of this therapy {(e.g. in combination with thiazide diuretics
or 2 higher calcium intake the risk at hypercalcemis, decreased renal function or formation of
kidney stones is considerable).

Finally, most side effects are dose related and further studies of efficacy and safety of
lower doses of 1,25-(0H), D, (up to 0.5 ug/day) are necessary, a parenteral route (and higher
doses) or other vitamin D metabolites might be of interest.

4.3.€ Combinations of drugs

Normally the activities of osteoblasts and osteoclasts are rather tightly coupled in order
to fill in the resorption sites with newly formed bone. The theory behind the combipation
therapy is that by giving the appropriate drugs sequentially and intermittently, it may be
possible to both stimulate bone formation and depress bone resorption. ADFR stands for
Activate-Depress-Free-Repeat, which is the sequence of this kind of therapy. The treatment
starts with an activating (A) agent to recruit, stimulate and thereby synchronize osteoclasts
(e.g. oral phosphate, PTH or PTH-fragments, 1,25-(0OH),D; , thyroid hormone). The newly
recruited and activated osteoclasts will stimulate by chemical signals adjacent osteoblasts and
bone formation will take place. Before osteoclasts will have removed large amounts of bone
they are "turned off" by a depressing agent (D). To depress resorption bisphosphonates (or
calcitonin) are commonly used. Because osteoclasts will function for 2 to 3 weeks and
generations of osteoblasts for 2 t0 3 months it was thought to be possible to increase bone mass
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in this way. During the {ree (F) period new bone might be formed. After this cycle the proce-
dure is repeated (R).

Several ADFR studies have been published® % or are under investigation. Although no
general agreement exists about the efficacy of ADFR therapy, it is believed that the main
effect is probably due to the antiresorptive action. This is illustrated by the resuits of the
intermittent etidronate treatment trials mentioned above® 8,

4.3.9 Exercise

Physical actuivity, as the counterpart of immobilization, is commonly accepted to have a
peneficial role in preserving and probably restoring bone mass® . Despite this consensus there
are still controversies about exercise. The controversy is probably due to the fact that too
much exercise is harmful for the skeleton. For example, female marathon runners may become
amenorrhoic and osteoporotic because of the induction of hypoestrogenism®® and infantry
recruits may easily develop stress fractures®. Also intensive exercise over the age of 50 vears
may be associated with low bone density'®?. However, most studies report a beneficial role of
exercise in increasing bone mineral mass'?? 192 103

In a recent report by Kirk et al it was found that long-distance runming enhances
vertebral bone density in premenopausal women, while it does not appear to prevent age
and/or gonadal hormone dependent bone loss in postmenopausal women®%%,

The mechanism by which physical activity exerts its influence on bone remodelling is
not clear, although it was thought that weight-loading activities were important. The
observation that also swimming (2 non-weight-loading activity) may enhance bone rmass is
interesting and deserves further investigation.

Exercise seems to be an attractive alternative for drug therapy in increasing bone
mineral mass, although intensive exercise (overexercise) may be harmful to the bone mineral
mass. It remains unclear for which group of patients and to which extent exercise is beneficial.
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4.4 Glucocorticoid osteoporesis

4.4.1 Introduction

Supraphysiologic doses of glucocorticoids and endogenous hypercortisolism may induce
bone loss and ultimately osteoporosisi®®. The first description of osteoporosis in the presence
of an excess of endogenous glucocorticoids is of Mooser'®®. Later Cushing described the
syndrome bearing his name as a clinical entity™®”,

4.4.2 Pathophysiology

The mechanism whereby glucocorticolds induce bone loss is mot entirely understood,
although evidence is abundant that there is a reduction of bone formation as well as a
stimulation of bone resorption®®® *°° 129 The effect on the osteoblasts has generally been attri-
buted as a direct inhibitory effect of glucocorticeids, while the increased osteoclastic activity
has been regarded as a secondary phenomenon, probably due to an elevated parathyroid
hormone (PTHF) secretion or an enhanced PTH activity™? 112 118 114 115 gaepndary
hyperparathyroidism in glucocorticoid excess has not been generally found®'®. Another
mechanism whereby glucocorticoids may interfere with calcium homeostasis is the diminish-
ment of the absorption of intestinal calcium?®®” !® This is assumed to be a direct effect of
glucocorticoids on the gut that may be partly overcome by the administration of
supraphysiologic amounts of vitamin D{-derivarives)?.

In addition to an impaired intestinal absorption of calcium an increased urinary calcium
excretion has been reported in patients treated with glucocorticoids®®, which appears as least
in part to be due to a reduced tubular reabsorption of calcium in these subjects'®. Impaired
absorption of intestinal calcium and an increased calcium loss in the urine may both explain
the sometimes reported secondary hyperparathyroidism in glucocorticoid-treated patients.

Furthermore, Feldman has demonstrated the presence of glucocorticoid receptors in
bone cells™®® and negative effects of glucocorticoids on cell growth, RNA, protein and
collagen synthesis have been demonstrated!?? 123,

Other mechanisms whereby glucocorticoids may interfere with bone metabolism are
currently under investigation. They include prostaglandins, growth hormone, insulin growth
factor-I and other growth factors'®*,
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4.4.3 The clinical syndrome

It has been shown that (depending upon dosage) chronic glucocorticoid excess induces
loss of especially trabecular bone, leading to 2 high incidence of vertebral compression
fractures. Children and postmenopausal women are prone to the deleterious effects of
glucocorticoids. The former because high bone turn-over makes bone more susceptible for
glucocorticoid action (and because of inhibition of growth), the latter because an excess of
glucocorticoids, in addition to the negative effects on bone resorption and formatiom, will
suppress adrenocortical activity leading to a lower adrenal production of androgens and
ultimately a lower production of estrogens in adipose and other tissues’?”,

Only a few cases are reported about the reversibility of steroid-induced osteoporosis.
Aloia et al published the cases of two patients (aged 14 and 21 vears) showing an increase in
total body calciura content after treatment of Cushing syndrome, aithough two older patients

did not show such zan imprommem126

. Recovery from steroid-induced osteoporosis was con-
firmed by densitometric and histomorphometric data of a case report by Pocock et al*®’,

Although the c¢linical syndrome of glucocorticoid-induced osteoporosis is well known, a
dose-response curve of steroids on bone mass is difficult to assess. Most studies differ
considerably with respect to potencies of, dosages of and duration of treatment with
glucocorticoids. Moreover, the patients are mostly not comparable with regard to the nature,
severity or duration of the underlying disease, initial bone mass, menopausal state, mobility
and sex. Despite these shortcomings, Dykman et al. found that fractures occurred when the
cumulative dose of glucocorticoids exceeded 30 g equivalent of prednisone®®,

Earlier studies addressing this issue have been restricted to patients with rheumatoid
arthritis, renal disease®® and asthmatics™®. We studied the possible effect of giucocorticoids in
patients at different stages of primary biliary cirrhosis. This was of particular interest because
it has been assumed that glucocorticoids would be rather strongly contraindicated in these
patients because of the negative effects of the liver disease itself on bone mass. This study was
cross-sectional and is reported in Chapter 8.

4.4.4 Prevention and {reatment

The last decennium studies om therapeutic interventions have been reported. Several
approaches are or have been investigated in an attempt to: 1) increase bone formation or 2)
decrease bone resorption or 3) counteract negative interactions of excess glucocorticoid with
vitamin D action.
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4.4.4.1 Derivatives of vitamin D

Several experimental studies showed variable effects of pharmacological doses of
vitamin D or its derivatives on calcium metabolism during glucocorticoid excess'®® 191 132 1n
glucocorticoid-treated patients, Hahn et al demonstrated a2 beneficial effect of 25-
hydroxyvitamin D on ¢zlcium absorption, a reduction of iPTH and an increase in forearm
bonme massi®®. Braun et al showed that placebo-controlled administration of 2 ug of le-
hydroxyvitamin D, for 6 months to glucocorticoid-treated patients raised calcium zbsorption
and reduced the serum iPTH level and the hydroxyprolinuria, while exerting a positive effect
on the trabecular bone volume as determined with histomorphometry*®,

In a randomized placebo-controlled trial we studied prospectively for 2 years the effect
of 1 ug la-hydroxyvitamin Dy daily in asthmatic who had chronic treatment with at least 7.5
mg prednisone daily. The results of this study were presented in 2 paper read at the second
Interpational Symposium on Qsteoporosis (1987) in Aalborg (Denmark) and the study is
described in Chapter 9.

The final answer concerning the possible effectiveness of active vitamin D derivatives
{e. g. le-hydroxy- or 1,25-dihydroxyvitamin D,) in the treatment or prevention of
corticosteroid osteoporosis has not yet been given.

4.4.4.2 Calcium supplementation

As stated above treatment with vitamin D or its active derivatives can improve the
calcium absorption in steroid-treated patients, Therefore it seems likely that adequate calcium
supplementation may be beneficlal in these patients. A daily supplementation of I g of
elementary calcium decreased the fasting urinary hydroxyproline-creatinine ratio, suggesting
an inhibition of bone resorption in steroid-treated patients’®*. In a prospective trial using
microcrystalline hydroxyapatite versus placebo only a slight reduction in the rate of bone loss
was observed™, It is surprising that despite the advantages of safety and low cost of calcium
supplementation in steroid-treated patients relatively little is know about its effects.

4.4.4.3 Stimulating bone fermation

Because osteoblastic activity is directly suppressed by steroid treatment, stimulation of
bone formation has been applied in glucocorticoid-treated patients. Fluoride in combination
with calcinm and vitamin D proved not to be effective in preventing steroid-induced bone loss
in the forearm®®®, Using bone histomorphometry Meunier et al showed z beneficial effect of
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fluoride on trabecular bone in glucocorticoid-treated patients™®, Although the stimulation of
osteoblasts by fluoride is widely accepted, much doubt has risen about the antifracture
efficacy of this drug’®,

Other putative bone formation stimulating agents are the anabolic steroids. One of the
synthetic anabolic substances is nandrolone decanoate of which it was shown that, whether or
not, in combination with micro crystalline calcium hydroxyapatite, it may induce an increase
in forearm bonme mineral density in corticostercid-treated patients™®® 3¢,

4.4.4.4 Inhibitimg bone resorption

Steroid treatment willi among other effects result in an increased bone resorptioni®s,
Several agents are known to be zble to inhibit osteoclastic activity and are being investigated
with regard to their effect in glucocorticoid-induced bone-disease. Ringe et al reported on 38
glucocorticoid-treated patients randomly allocated to two groups: one group receiving 100 IU
of salmon calcitonin subcutaneously every other day and a control group™®. The calcitonin-
treated group showed a significant increase in forearm bone mineral density while the control
group lost bone.

Recently, it was demonstrated that APD given for one year may prevent bone loss and
even may increase (transiently?) bone mineral mass in glucocorticoid-treated patients***,

4.4.4.5 A new glucocorticoid drug

Recently, 2 new synthetic steroid {Deflazacort) has been developed. It has been claimed
to have on weight basis the same degree of anti-inflammatory activity as prednisolone, while
on the same basis its negative effecis on bone mineral mass would be less?*Z 1%, It was also
shown that statural growth proceeded normally in children treated with deflazacort™®.
Evidence was provided that deflazacort produced minimal or no changes in the levels of iIPTH
and nephrogenous cyclic adenosine 3°,5’-monophosphate (CAMFP), whereas equivalent amounts
of prednisone ¢id™*>. However, since the glucocorticoid receptor in bone appears to be the
same as in other target organs it remains questionable whether it is possible to separate the
anti-inflammatory effect from the catabolic effect of glucocorticoids®*®,

4.4.4.6 Thiazide diuretics
Glucocorticoids not only reduce iatestinal calciwm absorpton but will also enbance

calcium excretion. Both mechanisms may lead to an increase of PTH secretion'’. The
hypocalciuric effect of thiazide diuretics in glucocorticoid-treated patients is well
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documented**®, and with these agents an improvement of the calcium balance was observed?’
18 However, no clinical trials assessing the effects of thiazide diuretics on bone mineral mass

in glucocorticoid-treated patients have been published.

4.5 Conclusions

No general agreement exists how to prevent or treat glucocorticoid-osteoporosis. Because
glucocorticoids interfere at multiple sites with calcium and bone metabolism, it seems unlikely
that one single agent is able to counteract all deleterious effects of excess glucocorticoid on
bone metabolism.

Several regimens have been investigated with contradictory results {(e.g. vitamin D and
its derivatives), or without sufficient evidence of a favourable effect to justify widespread
clinical application (calcium and thiazide diuretics). Still other agents (bisphosphonates,
calcitonin and anabolic steroids) appear to offer interesting possibilities but more c¢linical
evidence of their effectiveness is needed.

65



4.5 References

1. Gallagher JC, Goldgar D, Moy A. Total bone calcium in normal
women: effect of age and menopause status. J Bone Min Res
1987:;2:491-496.

2. Raisz IG. Local and systemic facters in the pathogenesis of
ostecporosis. N Engl J Med 1988;318:818-3238.

3. Matkovic V, FKostial X, Simonovic I, Buzina R, Brodarec B3,
Nordin BEC. Bone status and fracture rates in two regions of
Yugoslavia. Am J Clin Nutr 1979;32:540-549.

4. Holbrook TL, Barrett-Connor E, Wingard D. Dietary calcium and
risk of hip fracture: l4-year prospective population study. Lancet
1988;1046-1049.

5. Dawson-Hughes B, Dallal GE, Krall AE, Sadowski L, Sahroun N,
Tannebaum S. A controlled +trial of the effect of calcium
supplementation on bone density in postmenopausal women. N Engl J
Med 1990;323:878~883.

6. Wickham CAC, Walsh K, Cooper C, Barker DJP, Margetts BM, Morris
J, Bruce SA. Dietary calcium, physical activity, and the risk of
hip fracture: a prospective study. Br Med J 198%;299:8389-852.

7. van Beresteijn ECH, van ‘'t Hof MA, Schaafsma G, de Waard H,
Duursma SA. Habitual dietary calcium intake and cortical bone loss
in perimencpausal women: a longitudinal study. Jensen J, Riis B,
Christiansen cC. eds. Azlborg:International Symposium on
Ostecporosis; 1987 (abstract).

8. van Beresteijn ECH, van 't Hof MA, de Waard H, Raaymakers JA,
Duursma SA. Relation of axial bone mass to habitual calcium intake
and to cortical bone loss in healthy early postmencopausal women.
Bone 1950;11:7-13.

9. Recker RR Heaney RP. the effect of milk supplements on calcium
metabolism, bone metabolism and calcium balance. Am J Clin Nutr
1985;41:254-259.

10. Heaney RP, Recker PR, S$aville PD. Mencpausal changes in
calcium balance performance. J lLab Clin Med 1987;7;92:953-963.

1L. Nilas L, Christiansen ¢, Rodbre P. Calcium supplementation and
postmencpausal bone loss. Br Med J 1984:;289:1103-1106.

66



1z2. Riis B, Thonsen K, Christiansen c. Does calcium
supplementation prevent postmenopausal bone loss? N Engl J Med
1887;316:173-1177.

13. Riggs BL, Wahner HW, Melton LJ, Richelson Ls, Judd EL,
O'Fallon WM. Dietary calcium intake and rates of bone loss in
women. J Clin Invest 1987;80:975-982.

14. Stevenson JC, Whitehead MI, Padwick M, Endacott Ja, Sutton C,
Banks LM, Freemantle C, . Spinks. TJ, Hesp R. Dietary intake of
calcium and postmencopausal bone loss. Br Med J 1988;297:15-17.

15. Ettinger B, Genant HK, Cann CE. Postmencpausal bone loss is
prevented by treatment with low-dosage estrogen with calcium. Ann
Intern Med 1%87;:;106:40-45.

16. Riis B, Thomson K, Christiansen C. Does calcium
supplementation prevent postmenopausal bone loss? New Engl J Med
1987;316:173-177.

17. Yendt ER, Cohanim M. Prevention of calcium stomes by
thiazides. Kidney Int 1978:13:397-409.

18. Middler S, Pak C¥YC, Murad F, Bartter FC. Thiazide diuretics
and calcium metabolism. Metabolism 1973;22:139-146.

1%. Wasnich RD, Benfante RJ, Katsuhiko ¥, Heilburn L, Vogel JM.
Thiazide effect on the mineral content of bone. New Engl J Med
1983;309:344-347.

20. Mazess RB, FHarper AE, Deluca H. Calcium intake and bone
(letters to the editor) am J Clin Nutr 1985;42:568-570.

21. Recker RR. Calcium intake and bone (letters to the editeor) Am
J Clin Nutr 1985;42:570-571.

22. Johnston CC, Hui 8L Jr, Witt RM, Aappledorn R, BRBaker RS,
Longcope C. Early mencopausal changes in bone mass and sex
steroids. J Clin Endocrinocl Metab 1985:;61:905-911.

23. Genant HK, Canp CE, Ettinger B, Gordan GS. Quantitative
computed tomography of vertebral spongiosia: a sensitive method
for detecting early bone loss after oophorectomy. Ann Int Med
1982;97:69%-705.

24. Ettinger B, Genant HK, Cann CE. long-term estrogen replacement
therapy prevents bone loss and fractures. Ann Int Med
1985;102:319-324.

25. Lindsay R, Hart DM, Baird C. Prevention of spinal osteoporosis
in ocophorectomized women. Lancet 1980;1i:1151-1154.

67



26. Paganini-Hill A, Ross RX, Gerkins VR, Henderson BE, arthur M,
Mack TM. Menopausal estrogen therapy and hip fractures. Ann Intern
Med 1981;95:28-31.

27. Cauley JA, Gutal JP, Black Sandler R, LaPorte RE. Kuller I1H,
Sashin D. The relationship ¢f endogenous -estrogen to bone density
and bone area in normal postmencpausal women. Am J Epidemiocl
1986;124:752-761.

28. Gotfredsen A, Riis BJ, Christiansen . Total anéd local bone
mineral during estrogen treatment: A placebo controlled trial.
Bone and Mineral 1986:;1:167-173.

29. Kiel DP, Felson DT, Anderson JJ, Wilson PWF, Moskowitz MA. Hip
fracture and the use of estrogens in postmenopausal women "The
Framingham Study". N Engl J Med 1987;317:1169-1174.

30. Horsman A, Jones M, Fracins R, Nordin BEC. The effect of
estrogen dose on postmenopausal bone loss. New Engl JF  Med
1983:309:1405-1407.

31. Christiansen C, Christensen MS, Larsen NE. Patho-physiological
mechanisms of estrogen effect on bone metabolism. Dose-response
relationships in early postmenopausal women. J Clin Endocrinol
Metak 1982;55:1124~1130.

32. Lindsay R, Hart DM, Clark DM. The minimum effective dose of
estrogen for prevention of postmenopausal bone loss. Obstetrics
and Gynecology 1984;63:759-763.

33. Christiansen ¢, Riis BJ. 17B-Estradiel and continuous
norethisterone: A unigue treatment for established osteoporosis in
elderly women. J Clin Endocrinol Metab 1890;71:836-841.

34. Laufer LR, De Fazio JL, Lu JKH, Meldrum DR, Eggena P, Sambhi
MP, Hershman JM, Judd HL. Estrogen replacement therapy by
transdermal estradiol administration. Amer J Obstet Gynecol
1983;146:533~537.

35, Selby PL, Peacock M. Dose dependent response of symptoms,
pituitary, an bone to transdermal oestrogen in pestmenopausal
women. Br Med J 1986;293:1337-1338.

36. Stevensen JC, Cust MP, Gangaxr KF, Hillard TC, ILees B,
Whitehead MI. Effects of transdermal versus oral hormone
replacement therapy on bone density in spine and proximal femur in
postmenopausal women. Lancet 1990;336:265-269.

37. Ziel HK, Finkle WD. Increased risk of endometrial carcinoma

among users of conjugated estrogens. N Engl J Med 1975;293:1L67~
1170.

68



38. Mack TM, Pike MC, Henderson BE, Pfeffer RI, Gerkins VR, Arthur
M. Estregens and endometrial cancer in a retirement community. N
Engl J Med 1976;294:1267-1270.

39. Shapiro 8, Kelly JP, Rosenberg L, et al. Risk of lecalized and
widespread endometrial cancer in relation to recent and
discontinued use of conjugated estrogens. N Engl J Med
1985;313:969-972.

40. Moyer DL, Lignieres de B, Vargyas J. What is the best
endometrial situation during hormonal replacement therapy in
postmenopausal women? In: Christiansen €, Johansen J$, Riis BJ
(eds) Osteoporosis 1987. Ostecopress, Kobenhavn, pp 1132-1141.

41. Gambrell RD. The mnencpause: benefits and risks of estrogen-
progestagen replacement therapy. Fert Ster 1982:;37:457~474.

42. Persson I, Adami HO, Bergkvist L, Lindgren L, Petterson B,
Hoover R, Schairer ¢. Risk of endometrial cancer after treatment
with oestrogens alone or in conjunction with progestogens: results
of a prospective study. Br Med J 198%;298:147-151.

43. Prough S8G, 2ksel RH, Wiebe RH. Continucus estrogen/progestin
therapy in menopause. aAm J Obstet Gynecol 1987;157:1449~1453.

44. Weinstein L. Efficacy of a continuous estrogen-progestin
regimen in the menopausal patient. Obstet Gynecol 1987;69:929-932.

45. Hunt K, Mcpherson K, Cocleman M. Long—-term surveillance of
mortality and cancer incidence in women receiving hormone
replacement therapy. Br J Obstet Gynaecol 1987;%4:620-635.

46. Key TJA, Pike MC. The role of oestrogen and progestagens in
the epidemiology and prevention of breast cancer. Eur J Cancer
Clin Oncol 1988;24:29~43.

47, Wilson PWF, Garrison RJY, Castelli WP. Postmenopausal estrogen
use, cigarette smoking, and cardiovascular morbidity in women over
50: the Framingham Study. N Engl J Med 1985:;313:1038-1042.

48. Bush TL, Barrett-Connor E, Cowan LD, Crigqui MH, Wallace RB,
Suchindran CM et al. Cardiovascular mortality and noncontraceptive
use of estrogen in women: results from the Lipid Research Clinics
Program Follow-up Study. Circulation 1987;75:1102-1109.

49, Tikkanen MJ, Nikkila EA. Natural estrogen as an effective
treatment for type II hyperlipoproteinaemia in postmencpausal
women. Lancet 1978;ii:490-491.

50. Hirvonen E, Malkénnen M, Manninen V. Effects of different

progesterons on lipoproteins during postmencpausal replacenent
therapy. New Engl J Med 1981:304:560-563.

69



51. consensus on preventing osteoporosis. Brith Med J
1987;295:872.

82. Chesnut CH III, Nelp WB, Baylink DJ, Denney JD. Effect of
methandrostenclone on postmenopausal bone wasting as assessed by
changes in total bone mineral mass. Metabolism 1977;26:267-277.

53. BAloia JF, Kapecor 2, Vaswani A, Cohn SH. Changes in body
composition following therapy of osteoporesis with methan-
drostenclone. Metabolism 1981:30:1076-1079.

54. Geusens P, degqueker J. Long~tern effect of nandrolone
decanoate, Ile-hydroxyvitamin D, or intermittent calcium infusion
therapy on bone mineral content, bone remodelling and fracture
rate in symptomatic ostecporosis: a deouble-blind controlled study.
Bone and Mineral 1986;1:347-357.

55. Need AG, Chatterton BE, Walker CJ, Steurer TA, Horowitz M,
Nordin BEC. Comparison of calcium, caiecitriel, owvarian hormones
and nandroione in the treatment of osteoporosis. Maturitas
1986;8:275-280.

56. Need AG, Morris HA, Hartley TF, Horowitz M, Nordin BEC.
Effects of nandrolone decanoate on forearm nmineral density and
calcium metabolism in osteoporotic postmenopausal women. <Calcif
Tissue Int 1887;41:7-10.

57. Need AG, Horowitz M, Bridges A, Morris HA, Nordin BEC. Effects
¢f nandrolone decancate and antiresorptive therapy on vertebral
density in osteoporotic postmenopausal women. Arch Intern Med
1989:;149:57~60.

58. Johansen JS, Hassager C, Podenphant J, Riis BJ, Hartwell D,
Thomsen K, Christiansen C. Treatment of postmenopausal
ostecporosis: is the anabolic steroid nandrolone decancate a
candidate? Bone and Minexal 1989;6:77-86.

5%. Tiegs RD, Body JJ, Wahner HW, Barta J, Riggs BL, Heath H III.
Calcitonin secretion in postmenopausal osteoporosis. N Engl J Med
1985:312:1097-1100.

60. Hurley DL, Tiegs RD, Wahner HW, Heath H III. Axial and appen-
dicular bone mineral density in patients with long—term deficiency
or excess of calcitonin. N Engl J Med 1987:317:537-541.

61. Alevivazeki M, Stevenson JC, Girgis SI, MacIntyre I, Legon S.
Altered calcitonin gene in a young patient with osteoporosis. Br
Med J 1989;298:1215-1216.

62. Reginster JY, Albert A, Lecart MP, Lambelin P, Denis D,
Deroisy R, Fontaine MA, Franchimont P. 1-Year controlled

70



randomized trial of prevention of early postmenopausal bone loss
by intranasal calcitonin. Lancet 1987;11:1481-1483

63. Overgaard K, Riis BJ, Christiansen ¢, Hansen MA. Effect of
salcatonin given intranasally on early postmenopausal bone loss.
Br Med J 1989;299:477-479.

64. Mazuollli GF, Passeri M, Gennari C. Effect of salmon calcitonin
in postmencpausal osteoporosis: A controlled double blind clinical
study. Calcif Tissue Int 1986:;38:3-8.

65. Ringe JD. <Clinical evaluation of salmon calciteonin in back
pain. In: Christiansen C, Jochansen JS, Riis BJ (eds) Ostecporosis
1987. Osteopress, Kobenhavn, pp 1262-1264.

66. Valkema R, Papapoulos SE, Vismans FJFE, Pauwels EKJ, Bijvoet
OLM. 2 four vyear continuous gain in bone mass in ADP-~treated
osteoporosis. In: Christiansen €, Johansen JS, Riis BJ (eds)
Osteoporosis 1987. Osteopress, Kobenhavn, pp 836-839.

67. Reginster JY, Dercisy R, benis D, Collette J, Lecart MP,Sarliet
N, Ethgen D, franchiment P. Prevention of postmenopausal bone loss
by tulidronate. Lancet 1989;1469-1471.

68. Storm T, Thamsborg G, Steiner T, Sorensen OH. effect of
intermittent cyclical etidronate therapy on fracture rate in women
with postmencpausal osteoporosis. New Engl J Med 1990;3224:1265-
1271.

69. Watts N, Harris 8T, Genant HK, er al. Intermittent cyclical
etidronate treatment of postmenopausal osteoporcsis. N Engl J Med
1990;323:732-79.

70. Hoekman K, Papapoulos SE, Peters ACB, Bijvoet OLM.
Characteristics and bisphosphonate treatment of a patient with
juvenile ostecporosis. J Clin Endocrin Metab 1985;61:952-956.

71. Farley JR, Wergedal JE, Baylink DJ. Fluoride directly
stimulates preoliferation and alkaline phosphatase activity of
bone~forming cells. Sclience 1983;222:330-332.

72. Eriksen EF, Mosekilde L, Melsen F. Effect of sodium fluoride,
calcium phosphate, and vitamin D2 on trabecular balance and
remodelling in osteoporotics. Bone 1985;6:381-389.

73. Hanssen T, Reoos B. The effect of flucoride and calcium on
spinal bone mineral content: A controlled, prospective (3 years)
study. Calcif Tissue Int 1987;40:315-317.

74. Riggs BL, Hodgson SF, Hoffman DL, Kelly PJ, Johnson KA, Taves

D. Treatment of primary osteoporosis with flucride and calcium
JAMA 1980;243:446-449.

T



75. Bernstein DS, Sadowsky N, Hegsted DM, Guri CD, Stare FJ.
Prevalence of osteoporosis in high—- and low-fluoride areas in
North dakota. JAMA 1966;198:5:85-90.

76. Simonen 0, Laitinen 0. Does fluoridation of drinking~water
prevent bone fragility and ostecporosis. Lancet 1985r;august
24:432~434.

77. 0O'Duffy JD, Wahner HW, O'Fallon WM, Johnson KA, Muhs JW,
Beabout JW, Hodgscn SF, Riggs BL. Mechanism of acute lower
extremity pain syndrcme in fluoride-treated osteoporotic patients.
Am J Med 1988;80:561-566.

78. Dambacher MaA, Ittner J, Ruegsegger P. Long-term fluoride
therapy of postmencpausal osteoporosis. Bone 1986;7:199-205.

7%. Riggs BL, Hodgson SF, ©O°Fallon WM, Chao EYS, Wahner HW, Muhs
JM, Cedel SL, Melton IIX LJ. Effect of fluoride treatment on the
fracture rate in postmenopausal women with ostecporosis. New Engl
J Med 1990;:;322:802-809.

80. Manelle N, Meunier PJ, Dusant R. Risk benefit ratic of sodium
fluoride treatment in primary vertebral osteoporosis. Lancet
1988;ii:361-365.

81. cCannigia A, Gennari ¢, Bianchi V, Guideri R. Intestinal
absorption of calcium in senile osteoporosis. Acta Med Scand
1963;173:613-617.

82. Gallagher JC, Aaron J, Horsman A, Marshall DH, Wilkinson R,
Nordin BEC. The crush fracture syndrome in postmencopausal women.
Clin Endocrinol Metab 1973:;2:293-315.

83. Gallagher JC, Riggs BL, Eisman J, Hamstra A, Arnaud SB, DPelLuca
HF. Intestinal calcium absorption and serum vitamin D metabolites
in normal subjects and in osteoporotic patients. J ¢lin Invest
1979;64:729~736.

84. Deluca HF. State of <the art-recent advances in our
understanding of the vitamin D endocrine system. J Lab Clin Med
1976;87:7-12.

85. Gannigia A, Nuti R, Lorie F, Vattimo A. The hormonal £orm of
vitamin D in the pathophysiclegy and therapy of postmenopausal
osteoporosis. J Endocrinol Invest 1984;7:373-378.

86. Lawovin &, Zerwekh JE, Glass XK, Pak CY¥. ability of 25-
dihydroxyvitamin D, therapy to augment serum 1i,25-dibydroxyvitamin
D in postmenopausal osteoporesis. J Clin Endocrinol Metab
1980:;50:593-596. :

72



87. Lund B, Scorensen OH, Lund B, Agner E. Serum 1,25
dihydroxyvitamin D in normal subjects and in patients with
postmenopausal osteopenia. Influence of age, renal function and
estregen therapy. Horm Metab Res 1982;14:271-274.

88. Slovik DM, Adams JS, Nier RM, Huick MF, Potts Jt Jr. Deficient
production of 1,25 dihydroxyvitamin D in elderly osteoporotic
patients. N Engl J Med 1981;305:372-374.

89. Need AG, Horowitz M, Philcox JC, Nordin BEC. 1,25-
dihydrocalcifercl and calcium therapy in osteoporosis with calecium
metabolism. Miner Electrolyte Metab 1985;11:35-40.

90. Jensen GF, Christiansen ¢, Transbol I. Treatment of post
menopausal osteoporesis. A controlled therapeutic trial comparing
oestrogen/gestagen, 1,25~dihydroxyvitamin D, and calcium. Clin
Endocrinol 1982;16:515-524.

91. Ottt sSM, cChesnut CH. Calcitriel is not effective in the
postmenopausal osteoporosis. Ann Int Med 1989:110:267-274.

©2. Aloia JF, Vaswani A, Yeh JK, Ellis K, Yasumura S, Cohn SH.
Calcitriol in the treatment of postmencpausal osteoporosis. 2am J
Med_1988;84:401—408.

3. Gallagher JC, Goldgar D. Treatment of postmencopausal
osteoperosis with high doses of synthetic calcitriol. aAnn Int Med
1990;113:649-655.

94. Gallagher JC, Recker RR. A comparison of the effects of
calcitriol and calcium supplements. In: Norman AW, Schafer K,
Grigoleit HG, Herrath DV, eds. Vitamin D, a chemical, biochemical
and clinical update. New York: Walter de Gruyter & Co.;1985:971-
a75.

95. Frost HM. Treatment of osteoporosis by manipulation of

coherent bone cell population. Clin Orthe Rel Res 1979;143:227~
232.

96. Pacificil R,McMurtry €, Vered I, Rupich R, Avilei L. Coherence
therapy does not prevent axial bone loss on osteoporotic women: A

preliminary comparative study. J Clin Endocrinol Metab
1988;:;66:747-753.

97. Anonymous. Consensus development conference: prophylaxis and
treatment of osteoporosis. Br Med J 1987;295:914-915.

98. Drinkwater BL, Nilson K, Chesnut CH, Bremner WJ, Shainholtz S,

Soutworth MB. Bone mineral content of amenorrhoic and eumenorrhoic
athletes. N Engl J Med 1984:;311:277-281.

73



99. Marguiles JY, Simkin A, Leichter I. Effect of intense physical
activity on the bone mineral content in the lower limbs of young
adults. J Bone Joint Surg 1986;68:1090-1093.

100. Michel BA, Bloch DA, Fries JF. Weight-bearing exercise,
overexercise, and lumbar bone density over age 50 years. Arch Int
Med 1989;145:2325-2329.

101. Pocock NA, Eisman Ja, Yeates MG, Sambrook PN, Eberi S.
Physical fitness is a major determinant of femoral neck and lumbar
spine bone mineral density. J Clin Invest 1986;78:618—621.

102. Orwoll ES, Ferar J, Oviatt SK, McClung MR, Huntington K. The
relationship of swimming exercise to bone mass in men and women.
Arch Interm Med 198%;149:2197-2200.

103. Beverly M, Rider Ta, Evans MJ, Smith R. Local bone mineral
response to brief exercise that stresses the skeleton. Br Med J
1989;299:233~235.

104. Kirk S, sharp CF, Elbaum N, Enders DB, Simons SM, Mohler JG,
Rude RK. Effect of long-distance running on bone mineral mass in
women. J Bone Min Res 1989;4:515-522.

105. Hahn TJ. Corticoid-induced osteopenia. arch Intern Med
1578:;138:882-885

106. Moeoser H. Ein Fall von endogener Fettsucht mit hochgradiger
Osteoporosis. Virchows Arch Pathol Anat 1921:;247.

107. cCushing H. The bascphil adenocmas of the pituitary body and
their clinical manifestations (pituitary basophilism). Bull. Johns
Hopkins Hosp. 19832:;50:137-195.

108. Birkenhager JC, Heul van der RO, Smeenk D, Sluys van der Veer
J, Seters van AP. Bone changes assoclated with glucocorticoid
excess. Proc Roy Soc Med 1967;60:1134-1136.

109. Bressot €, Meunier PJ, cChapuy MC, Lejeune E, Edourd C, Darby
AJ. Histomorphometric profile, pathophysiology and reversibility
of glucocorticoid-induced osteoporosis. Metab Bone Dis Rel Res
1979:;1:303-311.

110. Dempster DW, Arlott MA, Meunier PJ. Mean wall thickness and
formation periods of trabecular bone packets in corticosteroid-
induced osteoporosis. Calcif Tissue Int 1983;35:410-417.

111. Meunier PJ, Demster DW, ZEdouard ¢, Chapuy MC, Arlet M,
Charhon 8. Bone histomorphometry in corticosteroid-induced
osteoporosis and Cushing‘s syndrome. Adv Exp Med Biol
1984;171:191-200.

74



112. Hahn TJ, Halstad LR, Teitelbaum SIL, Hahn BH. Altered mineral
metabolism in glucocorticoid-induced osteopenia. J ¢lin Invest
1879;64:655-665

113. Suzuki ¥, Ichikawa Y, Saito £, Homma M. Importance cof
increased urinary calcium excretion in the development of
secondary hyperparathyroidism of patients under glucocorticeid
therapy. Metabolism 1983:32:151-156.

114. Klein RG, Arnaudé SB, Gallagher JC, Deluca HF, Riggs BIL.
Intestinal calcium absorption in exogenous hypercortisonism. J
Clin Invest 1977:;60:253-259.

115. Fucik RF, Kukreja SC, Hargis GK, Bowser EN, Henderson WJ,
Williams GA. Effect of glucocorticoids on function of the
parathyroid glands in man. J Clin Endocr Metab 1975;40:152-155.

116. Braun JJ, Birkenhdger-Frenkel DH, Rietveld 3, Juttmann JIR,
Visser TJ, Birkenhiager JC. Influence of 1la-(0H) D, administration
on bone and mineral metabolism in patients on chronic
glucocorticeoid treatment; a double blind controlled study. Clin
Endocrinocl 1983;19:265~273.

117. Lekkerkerker JFF, Woudenberg van F, Doorenbos H. De invloed
van prednison op de calciumabsorptie uit de darm. Ned Tijdschr
Geneesk 1970;114:987-988.

118. Lindgren JU, Johnell O, Deluca HF. Studies of bone tissue in
rats treated by prednisoclone and 1,25-(0H},D,. Clin Orthop Related
Research 1983;181:264-268.

119. Braun JJ, Birkenhager JC, de Jonge HR, Calcium and glucose
uptake in rat small brush border membrane vesicles: medulation by
exogenous hypercortisolism and 1,25-dihydroxyvitamin D,. Biochem
Biophys Acta 1989;774:81-30.

120. Reid IR, Ibkertson HK. Evidence for decreased tubular
reabsorption of calcium in gluceccorticoid-treated asthmatics.
Hormone Res 1987:;27:200-204.

121. Feldman D, Dziak R, Koehler R, Stern P. Cytoplasmic glucocor-
ticoid binding proteins in bone cells. Endocrinoleogy 1975;:96:29.

122. Chen TL, Feldman D. Glucocorticoid receptors and actions in
subpopulations of cultured rat beone <cells. J ¢Clin Invest
1979:63:750-758.

123. Peck WA, Brandt J, Miller I. Hydrocortisone—induced
inhikbition of protein synthesis and uridine incorporation in
izolated bone cells in vitro. Proc Watl Acad Sci USA 1976:57:1599-
1606.

75



124. Unterman TG, Phillips LS. Glucccorticeoid effects on
somatomedins and somatomedin inhibitors. I Clin Endocrinol Metab
1985;61:618-626.

125. Marshall DH, Crilly RG, Nordin BEC. Plasma androstenedicne
and oestrone levels in normal and osteoporotic postmencopausal
women. Brit Med J 1877;2:1177-1179.

126. Alcia JF, Roginsky M, Ellis X, Shukla K, Cohn S. Skeletal
netabolism and body composition in Cushing's syndrome. J Clin
Endorincl Metab 1974:;39:981-~585.

127. Pocock NA, Eisman JA, Dunstan CR, Evans RA, Thomas DH, BEug
NL. Recovery from stercid-induced osteoporosis. Ann Inter Med
1987;107:319-323.

128. Dykman TR, Gluck 08, Murphy WA, Hahn TJ, Hahn BH. Evaluation
of facters associated with glucocorticoid-induced osteopenia in
patients with rheumatoid disease. Arthritis Rheum 1985;28:361-367.

129. Adinoff AD, Hollister JR. Steroid-induced fractures and bone
loss in patients with asthma. New Eng J Med 1983;309:265-268.

130. Braun JJ, Birkenhdger JC, De Jonge HR. Calcium and glucose
uptake in rat small intestinal brush-border menbrane vesicles.
Mcdulaticn by exogencus hypercortisolism and 1,25-dihydroyvitamin
D,. Biochem Bioph Acta 1984;774:81-90.

131. Lindgren JU, Johnell O, Deluca HF. Studies of bone tissue in
rats treated by prednisclone and 1,25-(0H},D;. €lin Orthop Related
Research 1983;181:264-268.

132. Lindgren JU, Deluca HF, Mazess RB. Effects of 1,25(0H),D, on
bone tissue in the rabbit: studies on fracture healing, disuse
osteoporosis, and prednisone osteoporosis. Calcif Tissue Int
1984;36:591-595.,

133. Hahn TJ, Halstead IR, Teitelbaum SL. Altered mnineral
metabelism in glucocorticoid-induced ostecpenia. J Clin Invest
1979:64:655-665.

134. Reid IR, TIbbertson HK. Calcium supplements in the preventicn
of steroid-induced ostecoporosis. Am J Clin Nur 1986;44:287-290.

135. Nilsen KH, Jayson MIV, Dixon AStJ. Microcrystalline calcium
hydroxyapetite compound in corticostercid-treated rheumatoid
patients: a controlled study. Br Med J 1978;2:1124.

136. Rickers H, Deding 3aA, Christiansen C, Rodbro P. Mineral loss

in «cortical and trabecular bone during high-dose predniscne
treatment. Calcif Tissue Int 1984;36:269-273.

76



137. Meunier PJ, Briancon D, c¢havassieux P, Edouard C, Boivin G,
Conrezier T, Marcelli €, Pastoureau P, Delmas P, Casez JP.
Treatment with fluoride: bone histomorphometric findings. In:
Christiansen ¢, Johansen JS, Riis BJ (eds) Osteoporosis 1987.
Osteopress, Kobenhavn, pp 824-828.

138. Reid DM, Nicoll JJ, Smith MA, Tothill P, Nuki G. Treatment of
corticostercid induced osteoporosis role of anzbolic steroids and
nicrocrystalline calcium hydroxyapatite. In: Christiansen C,
Jochansen JS, Riis BJ (eds) Ostecoporosis 1987. Osteopress,
Kobenhavr, pp 1021-1025.

138. HNeed AG. Corticosteroids and osteoporosis. Aust NZ J Med
1287;17:267=-272.

140. Ringe JD, Welzel D, Schimd K. Therapy of glucocorticoid-
induced osteoporosis with salmon calciteonin. In: Christiansen C,
Johansen JS, Riis BJ (eds) Osteoporosis 1987. Osteopress,
Kobenhavn, pp 1074-1076.

141. Reid IR, King AR, Alexander ¢CJ, Ibbertson HK. Prevention of
stercid-induced osteoporosis with (3~amino-l-hydroxypropylidene)-
1,1-bisphosphonate (APD). Lancet 1988;1:143-146.

142. Gennari C, Imbimbo B. Effects of predniscne and deflazocort
on vertebral bone mass. Calcif Tissue Int 1985;37:592-593.

143. Locascio V, Bonnucci E, Imbimbo B, Ballanti P, Tartarotti D,
Galvanni G, Fucella L, Adami S. Bone loss after glucocorticoid
therapy. Calcif Tissue Int 1984;36:435-438.

144. Balsan S5, Steru D, Bourdeau A, Grimberg R, ILenoir G. Effects
of long-term maintenance therapy with a new glucocorticoid,
deflazocort, on nineral metabolism and statural growth. Caleif
tissue Int 1987;40:303-309.

145. Gennari ¢, Imbimbo B, Montagnani M, Bernini M, Avioli I1V.
Effects of prednisone and deflazocort on mineral metabolism and
parathyroid hormone activity in humans. cCalcif Tissue Int
1984 ;36:245-252.

146. Feldman D, Krishman aV. Glucorticoid effects on calcium
metabolism and bone in the development of osteopenia. In C.
Christiansen Johansen JS, Riis BJ (eds) Osteoporosis 1987
Osteopress, Kobenhavn, pp 1006-1013.

147. Suzuki Y, Ichikawa Y, Saitoc E, Hcmma M. Importance of
increased wurinary calcium excretion in the development of
secondary hyperparathyroidism of patients under glucorticeid
therapy. Metabolism 1983;32:151-156.

77



148. Adams J8, Wahl TO, Lukert BP. Effects of hydrochlorothiazide
and dietary sodium restriction on calcium metabolism in
corticosteroid treated patients. Metabolism 1981;30:217-221.

78



CHAPTER §

PERIPHERAL AND AXJAL BONE MASS IN DUTCH WOMEN.
RELATIONSHIP TO AGE AND MENOPAUSAL STATE

Netherlands Journal of Medicine, 32(1988) 226-234.

79






Original Article

Peripheral and axial bone mass in Dutch women.
Relationship to age and menopausal state
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Bone mineral density was measured in 171 healthy Dutch females using single
photon absorptiometry at the forearm (distal and proximal sites) and dual photon
absorptiometry of the second to fourth lumbar vertebrae. The cross-sectional data
showed no peripheral bone loss before the mencpause and an acceleration of bone
loss at"an average interval of 15 years after the menopause. Vertebral bone loss was
characterized by a premenopausal loss starting in the {ifth decade and from then
onwards a fairly constant continuous loss of bone of approximately 7-8% per decade.
The age-related bone loss for the population studied was 26.7% for the spinal column
and 33.6 and 32.3%, respectively, for the distal and the proximal peripheral sites.
Significant correlations were found between all measurement sites, but these refation-
ships seemed too weak to allow the forearm measurements to be a predicter of spinal
bone mass.

It is concluded that bone loss follows different patterns at the various skeletal
sites. Neth J Med 1988;32:226-234,

Key words: Bone mineral density; Photon absorptiometry: Bone loss: Menopause;
Normal female

Introduction
Osteoporesis is characterized by the occurrence of nen-traumatic vertebral frac-
tures and fractures of the appendicular skeleton due to a decrease of mineral bone

mass and a loss of bone structure. During the last few decades, osteoporosis has
been recognized as a major health-care problem. especially in elderly women [1]. In
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the Western world, postmenopausal osteoporosis with vertebral compression frac-
tures occurs in 5-15% of all women between 51-60 years of age. In the U.S.A.
osteoporosis has been estimated to occur in 23% of women of 65 years and older [2].
The risk of an ostecporetic fracture depends on the relationship between the
severity of the trauma and the strength of the-bone, which is determined by the
bone mineral density and the bone structure [3].

Increasing interest in this coromon syndrome has led to the development of
non-invasive techniques to measure mineral bone mass [4]. Methods such as single
photon absorptiometry (SPA), dual photon absorptiometry (DPA) and quantitative
computed tomography (QCT), have provided the opportunity for more detailed
study of the patterns of bone loss. Nowadays. SPA and DPA are the most widely
used techniques, while QCT, due to its costs and higher radiation exposure com-
pared to photon absorptiometry, is less attractive for epidermological studies. At the
forearm, bone mineral content (BMC) and bone mineral density (BMD) are
measured with SPA. Although DPA and QCT can be applied for measurements at
various anatomical regions in the skeleton, the lumbar spine is the region of interest
in most studies. There are several reports of cross-sectional studies of bone density
measured in the forearm and in lumbar vertebrae [5-7]. However, there is no
agreement on the question of the relative contribution of age and of menopause on
bone loss in the axial and appendicular bone [8-10]. In other words: does one see
an accelerated bone Ioss at the menopause at the various sites of measurement? The
question whether the results of forearm measurements can predict vertebral bone
density is another matter for debate [11,12].

The aim of the present study was to establish reference values at the various
skeletal sites for the Dutch female population, information necessary to define
whether bone density in an individual differs from normal. Furthermore, from these
cross-sectional data, we estimated peripheral and axial bone loss in relation to age
and menopausal state. Special emphasis was given to the correlations between the
values obtained at the various measurement sites.

Methods

All participants were female volunteers and gave their informed consent. They
were recruited by advertising in a local newspaper and from hospital emplovees. All
women were white, in good health, ambulatory and not on medication thought to
influence calcium metabolism. Excluded were those with a history of multiple
fractures or with chromnic back pain. No additional laboratory tests were performed.
The ages ranged from 21 to 87 years. Women menstruating normally were regarded
as premenopausal; those who had ceased menstruating for more than 6 months were
classified as postmenopausal.

Peripheral bone measuremerits were carried out at the right forearm according to
the method described by Nilas et al. [3] using a Nuclear Data 1100a bone density
scanner. The forearm is placed in a water bath in order to obtain a constant soft
tissue equivalent and is transversely scanned with a monochromatic iodine-125
source emitting photons at 27.5 keV. The scanning includes both radius and ulna
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and is corrected for fat tissue. Measurements were performed both distal (SPA 4,,)
and proximal (SPA,..) to the site where ulna and radius are separated by a
distance of § mm. Using this technique, the bone measured distally consists of more
trabecular bone than that measured proximally [13]. The results are expressed as
BMD in g/cm’. In our hands, the coefficient of variation based on 50 duplicate
measurements in normal subjects is 1.9% for the distal site and 1.0% for the
proximal site [14].

Axial bone mass was assessed at the lumbar spine (DPA ;) with L,-L, as the
region of interest. Measurements were done with a Novo BMC-lab 22a scanning
device as described by Krelner and Nielsen [15]. This instrument uses a dichromatic
Gadolinium-133 radiation source with emissions at 44 and 100 keV. The technique
is based on the difference in attenuation of the two photon energies through a
medium consisting of different materizls, in this case bone and soft tissue. After
calibration, the BMC is expressed in grams hydroxyapatite (gHa). Dividing the
BMC by the projected region of interest results in BMD (gHa/cm®). In order to
correct for the interindividual differences due to differences in skeletal size, the
results are expressed in BMD. In contrast, in longitudinal studies, use is often made
of the BMC. The coefficient of variation calculated on duplicate measurements of
the lumbar BMD of 20 osteoporotic patients in our laboratory is 2.3% [14].

In order to differentiate the effecis of aging and menopausal state on the bone
mineral mass, we divided the women into four groups: 71 premenopausal women
(group 1}, 35 women less than 10 years postmenopausal (group 2), 39 women 10 to
19 years postmenopausal (group 3), and 24 women postmenopausal for 20 years or
more (group 4). Two women could not be classified. The Student’s z-test was used
for unpaired data. A level below 0.05 was regarded as significant. Linear regressions
and correlations were calculated using the method of least-squares. The number of
data were too small for a meaningful analysis by segmented regressions.

Results

In Table 1, the distributions of height, weight and the results of the bone
measurements are listed according to age. Females in the fourth decade had a
significantly lower height than the women in the third decade. After the fifth decade
there was a further, but not significant, decline in height when compared with the
average height in the preceding decade. The peripheral sites showed no age-related
bone loss before the fifth decade in contrast to the vertebral bone mass, which
decreased significantly from the fourth decade onwards. After the average age of 45,
there was loss of bone mass at all three measurement sites. An acceleration of
peripheral bone loss was seen in the sixth decade, while axial bone loss was, once
started, rather constant through all decades studied. In the last age-group studied,
the peripheral bone mineral mass showed no sigmficant decrease as compared with
the preceding decade. Omitting the postmenopausal women from the fifth decade
group and the premenopausal women from the sixth decade group did not essen-
tially alter the respective percentages of bone loss (data not shown). The overall
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TABLE 1

Weight, height and bone densities according to decade.

Decade Weight Height SPA 4o SPA prox DPA ine
(kg) {em) (gHa/em®)  (gHa/em®)  (gHa/cn)

Decade 3

age25+£32(n=9) 67+ 8.8 172+ 5.4 1.19+0.14 1.55+0.14 1.01+£0.07

Decade 4

age 35424 (n=14) 624 9.3 167455 1.1340.14 1.47+0.16 1.02+0.07
NS N$ (7%) *

Decade 5

age 45428 (n=132) 66+11.4 168+ 6.3 1.16+£0.15 1.49+0.15 0.95+0.09
(9% ® (6%) * (7% *

Decade 6

age 54+29 (n=54) 66+ 74  166+35.5 1.05+0.15 1.39+0.18 0.89+0.12
(17%) ® 7% * (8%) *

Decade 7

age 64429 (n = 41) 64+ 8.3 165+4.6 0.85+0.14 1.13+0.19 0.81+£0.12
NS NS (1%) °

Decades §+9

age 75442 (n=21) 65+ 8.0 163+35.1 0.790.14 1.05+£0.18 0.74+0.10

SPA i and SPA,,, = single photon absorptiometry of the distal and proximal forearm. respectively:
DPA ;. = dual photon absorptiometry of the lumbar spine (Lo-L,).

In parentheses: % bone loss compared with the preceding age-group. The data are expressed as
mean+8D. * P <0.05: ° P < 0.002.

bone loss comparing the age groups 20-30 years and 70-87 years was 256.7% for the
vertebrae, 33.6% for the distal forearm site and 32.3% for the proximal forearm site.

Rearranging the data according to the number of vears since menopause (Table
2) enabled us to rule out the influence of data from relatively young post-

TABLE 2

Weight, height and bone densities according to menopausal state.

Group Weight Height SPA 4, SPA o DPA i

Group 1

(n="T71) 661906 167+6.7 1.14+0.15 1.4940.15 0.96+£0.10
(10%) ® 6% * (8%) ®

Group 2

(n=135 674182 166+6.0 1.0340.16 1.40+0.17 0.88+£0.13
(17%) ® (20%) ® (7%) *

Group 3

(n=39) 65£8.6 165+ 4.4 0.86+0.15 1121020 0.82+£0.12
NS NS 9%)

Group 4

(n=24) 6586 163+5.0° 0.830+£0.14 1.07+£0.17 0.75+0.11

See legends to Table 1.
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Fig. 1. The individual values (» =171) for BMD at the three measurement sites plotted as a function of

age: DPA ;.. = dual photon absorptiometry of the lumbar spine (Lo -L,): SPA 4, and SPA ., = single

photon absorptiometry of the distal and proximal forearm. respectively. The results are expressed in
grams hydroxyapatite per em®. The shaded areas denote the 95% confidence limits.

menopausal women on the results of women under the age of 50. In this way the
effect of menopause on bone mass can be studied in more detail. The subjects were
classified in groups 1 to 4 (see Methods). Group 2 was compared with group 1 (all
premenopausal women). Groups 3 and 4 were compared with the preceding groups.
The differences between the groups were expressed in percentages. Appendicular
bone loss was maximal in group 3. This is again in contrast to the vertebral bone

TABLE 3

Correlation matrix of bone densities between the various skeletal sites.

DPA spine SPA dist SPA Prox DPA spinc SPAdist SPA prox
Group i Group 2
DPA ine - 0.49 0.43 - 0.67 0.58
SPA 4ic - 0.86 - 0.87
Group 3 Group 4
DPA ,jine - 0.23° 0.34 2 0.46 0.59
SPA 4 - 0.87 - 0.88

Correlations between single photon absorptiometry of the distal and proximal forearm (SPA 4, and
SPA [ ox- Tespectively) and dual photon absorptiometry of the lumbar spine (DPA . )- The subjects are
divided into groups as defined in Methods, All correlations P < 0.0001. except: * P < 0.05.
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Fig. 2. The individual values (n = 98) for BMD az the three measurement sites plotted against years since

menopause; DPA g, .: dual photon absorptiometry of the lumbar spine (La-L,): SPA 4, and SPA .

single photon absorptiometry of the distal and proximal forearm, respectively. The results are expressed
in grams hydroxyapatite per em?,

loss, which appeared to be constant between all groups. Therefore, comparisen of
Tables 1 and 2 only results in minor differences. The bone mineral densities are
plotted against age in Fig. 1. The plot shows the individual measurements and the
95% confidence limits. The figure suggests a breakpoint around the age of 50.
However, no significant difference in slope was detected. In Fig. 2, the results of
bone mineral density are depicted against the number of years since menopause.
Again there were no principal differences with the original plots.

The correlations found between BMDs measured at the different sites are given
in Table 3. In this table, the population studied is divided into 4 groups defined as
mentioned in the Methods section. In all groups vertebral bone mineral density was
significantly correlated with the densities at the other measuring sites. This correla-
tion was strongest for the women in group 2. As could be expected, the best
correlations were found between the results of the two peripheral sites (SPA 4, and
SPA o). There were no significant correlations between bone density parameters
and Quetelet index (data not shown).
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Discussion

This paper contains data on bone densities in 171 healthy Dutch women. The
study was undertaken to obtain reference values for the normal Dutch female
population. Reference values are not only influenced by geographic and racial
factors [16], but also by differences in techniques. Several cross-sectional studies
have provided evidence that premenopausal loss of bone in the appendicular
skeleton is low or absent and that bone loss during the early postmenopausal years
is accelerated [6,7,10]. Our results show that the acceleration of the peripheral bone
loss did not occur shortly after the menopause, but was maximal about 15 years
after the menopause. Both distal and proximal sites in the forearm showed this
pattern of bone loss, which may indicate that during that period mainly cortical
bone is lost. It has been assumed that the relatively moderate decline observed in
the 5th decade could be influenced by the presence of premenopaunsal women [10].
However, this moderate peripheral bone loss is also seen when the data are
rearranged according to the number of years since menopause. This is In contrast to
our findings with respect to the rate of loss of bone in the axial skeleton. Here the
loss is already seen before the menopause and is constant thereafter.

Some investigators found that axial bone mass follows a linear decrease with age
[6,17], while others suggested a different pattern with 2 peak bone mass around 35
years [7] and a sharp perimenopausal decline [18]. However, a premenopausal axial
bone loss has not been found in all studies [19]. These discrepancies in the literature
concerning the bone loss in the vertebral column are not only due to techmical
differences but also to a lack of uniformity in defining menopausal state and
differences In inclusion and exclusion criteria.

Mazess collected densitometric data from several laboratories in the U.S.A. and
found a diminution in the spinal bone mass prior to the usual age of menopause,
but not during young adulthood [8]. That study could not exclude the influence of
the data of women having an early menopause on this premenopausal bone
diminution. Qur study confirmed this vertebral bone loss before the age of 50, even
after the exclusion of women who were postmenopausal before the age of 50 years.
Evidence in favour of this observation is obtained from longitudinal studies in pre-
and postmenopausal women [20,21]. We found no acceleration of axial bone loss
during the sixth decade. Once started, the rate of vertebral bone mineral loss
remained fairly constant during life with a loss of approximately 7% per decade.
However, in the later decades this rate of bone loss may be an underestimation (see
below). An explanation for the spinal premencpausal bone loss may be found in a
decreasing oestrogen production shortly before menses ceased [22)].

The different patterns of bone loss at the various sites may depend on differences
in bone composition but also on differences in skeletal function. The spinal column
is werght-bearing and is affected by other mechanicai forces than the forearm. A
recent study revealed that trabecular bone accounts for approximately 25% of the
bone mineral mass in whole female vertebrae [23]. The trabecular bone percentage
in the forearm is estimated at the proximal and distal site at 7 and 25%, respectively
[5,13], but these percemtages are not firmly established. Photon absorptiometric

87



techniques cannot differentiate between cortical and trabecular bone at one site, nor
between the bone itself and calcifications in the region of interest, which will be
discussed below. Direct measurements of the bone compartments at the various
skeletal sites can be done with QCT. Moreover, for definitive conclusions concern-
ing patterns of bone loss in these compartments a longitudinal study will be
NECESSAry.

The correlations between peripheral and vertebral bone mineral density obtained
in the normal population may be changed in various metabolic bone diseases [24]. It
has, therefore, been suggested that peripheral measurements can only predict axial
bone mass in normal individuals. Pocock showed that correlations between the
results of forearm and axial measurements of about (.66 are insufficient to predict
axial bone on the basis of forearm mineral bone mass [12]. OGur data show that the
relationships between the peripheral and axial densities differ considerably between
the groups studied. This could be explained by the already mentioned differences in
patterns of bone loss at these measurement sites. In this respect, the possible
interference by spondylosteoarthnitis with the results obtained with DPA at the
lumbar spine has also to be mentioned [7]. Inevitably, aortic calcifications and /or
osteoarthritic lesions [25] within the region of interest will spuriously increase the
results obtained by DPA. Unfortunately, both aortic calcification and osteoarthritic
lesions increase with age, and because bone mass falls with age the relative influence
will be greater in elderly women and in women with a low bone mass.

The percentage of axial bone loss found in our study is comparable to that
observed by others [§,17], but is probably an underestimation of the actual (trabecu-
lar) bone loss, due to the above mentioned opposing effect of calcified lesions.
Although these lesions will heavily influence reference values, exclusion of women
with osteoarthritis of varying severity would result in variably biased reference
values.

The consistent and rather high correlations between SPA ;, and SPA ., found
in all subgroups of the normal female population studied, raise the question whether
these results may not provide us with essentially the same information. Previously,
we found that it was impossibie to differentiate a group of osteoporotic patients
from normal females using the proximal measurement, while the distal measurement
allowed such distinction [14]. The superiority of the distal over the proximal
measurement can be explained by the higher content of trabecular bone in the distal
forearm, which is generally considered to he affected earlier by postmenopausal
osteoporosis than cortical bone.

In conclusion, this study provides evidence for different patterns of bone loss at
the three skeletal sites, whereby the forearm measurements show an acceleration of
postmenopausal bone loss. Finally, these data mdicate that forearm densitometry is
not suitable as a screening techmque for detecting low vertebral bone mass.
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ABSTRACT

We compared different methods of bone densitometry in women with spinal osteoporosis and normal sub-
Jjects to assess their discriminatory capability. The methods used included: quantitative computed tomogra-
phy of the spine (QCT) specified as te trabecular (QCT4,) and cortical bone (QCY 4., dual-photon ab-
sorptiometry of the spine (DPAgyn.), single-photon absorptiometry of the distal and proximal forearm
(S Agisr and SPA,roy), and quantitative roenigen microdensitometry of the phalanx (QMD). A total of 25
postmenopauszal osteoporotic women and 24 healthy comparison subjects matched for age and years since
menopause were stadied. In the osteoporotic group an average decrement of the axial bone mineral density
of —=50% (p < 0.001) and —20% (2 < 9.001) were observed for QCT .y and QCT,,p, respectively. For
DPAspines SPAgist, SPAprox, 2nd QMDD the difference between normal and osteoporotic subjects was —20%
(p < 6.801), —12% {p < 0.05), —7% (NS), and —6% (NS}, respectively. With the peripheral measurements
{SPA and QMD), alone or in combination, no adequate discrimination between women with or without ver-
tebral compression fractures could be obtained. Although QCT,,,;f showd thé highest diagnostic sensitivity
(81%), it appears not to be superior 10 DPA;;.. Combinations of the various axial and peripheral measure-
ments did not resull in an essentially better sensitivity.

In normal women as well as in osteoporotic individuals the trabecular and cortical QCT measurements

showed two opposite trends, suggesting an increase in cortical and a decrease in trabecular density from L1
to L3,

INTRODUCTION

HERE IS CURRENTLY DISCUSSION about the optimal site
and method for determining the risk of osteoporotic
fractures. ¥ Moreover, because trabecular bone is
thought to be more sensitive 1o hormonal deficiencies and
metabolic bone disease than cortical bone, ™ it may be

preferable to measure exclusively trabecular bone instead
of a combination of trabecular and cortical bone. ™ Addi-
tionally, disagreement exists as to the best skeletal site and
type of measurement for follow-up studies, 7

In an attempt to identify the measurement of choice, we
selected a group of women with spinal osteoporosis and
compared the results of various methods of bone density
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assessment with the results in a group of normal subjects
matched for age and years since menopause. The correla-
tions between these various measurements were studied,
and diseriminant analysis on the data was performed.

MATERIALS AND METHODS

A total of 25 postmenopausal osteoporotic women and 24
healthy women were studied. The women were defined as
having ostecporosis if they had radiographic evidence of at
least one vertebral compression fracture without a history of
significant trauma. A vertebral body deformity was con-
sidered a fracture when the anterior height or, in scme
cases for the lumbar vertebrae, the middle height was
equal to or less than B0%e of the posterior height of the
vertebral body, History, physical examination, and routine
laboratory tests were performed to exclude known causes
of osteoporosis. The normal postrmenopausal women were
recruited by advertisement. They were included in the
study if there was no radiographic evidence for vertebral
fractures. The osteoporotic and normal subjects were pro-
spectively matched according to age and years since meno-
pause (for both parameters g difference up to 5 years was
accepted). Characteristics of the participants are given in
Table 1. All women gave informed consent.

Photon absorptiometry

All participants were measured with photon absorptiom-
etry as described elsewhere.*® Peripheral bone measure-
ments were done at the right forearm according to the
method described by Nilas et al.™ using a Nuclear Data
1100a bone density scanner. Measurements were per-
formed both distaily (SPAg;,) and proximally (SPA ) in
the right forearm. With this technigue the bone measured
distally consists of a higher proportion of trabecular bone
than proximally. ' The results are expressed as bone min-
eral density (BMD) in arbitrary units (U/cm?®). In our
hands the coefficient of variation based on 30 duplicate
measurements in normal subjects is 1.9% for the distal site
and 1.0% for the proximal site.

TaBLE 1. CHARACTERISTICS OF THE PARTICIPANTS?

Normals Osteoporotics
Characteristic fn = 244 fmn = 25
Age (vears) 60.5 = 5.0 595+ 5.0
Menopause (years} 0.0 =29 48.0 = 5.7
Years since menopause 10.6 = 5.6 1.8 = 53
Height (¢m) 164 = 3.9 163 = 7.9
Weight (k) 66.3 = 5.8 68.5 = 13.7

aMean values = SD. None of the parameters showed a signifi-
cant difference between the two groups of women (Mann-Whitney
U test).

VAN BERKUM ET AL.

For the photon absorptiometric measurements of the
lummbar spine (DPAgne), Lo-L. was the region of interest
(ROI). Measurcments were done with a Novo BMC-lab
22a scanning device as described by Krdlner and Niel-
sen.t" Results were expressed as g hydroxyapatite (Ha)
for L2-L4 (BMC) or as g Ha per em?® {BMD), The coeffi-
cient of variation calculated on the basis of duplicate mea-
surements of the lumbar BMD of 20 osteoporotic patients
in our laboratory is 2.3%.

QCT megsurements

A Philips Tomoscan-350 {12¢ kVP, 200 MA) was used
for the QCT measurements of the lumbar vertebrae. The
nidplane scans of L1-L3 were selected from the lateral
scanogram using a modification of the method of Kalender
et al."® Instead of semiautomatically, we selected each
midplane scan manually. Subsequently, these scans, with a
slice thickness of 6 mm, were used to select the cortical and
trabecular region of interest {Fig. 1).t** The cortical ROI
was defined as follows. From the center of gravity of the
vertebral body radial lines were drawn through the cortical
area. The area comprising the basivertebral vessels and
their surroundings was excluded. The highest CT value on
the radial lines was considered 1o ¢orrespond to the center
of the cortex, Along the radial line, the inner and outer
border of the cortex was defined between two consecutive
points with the largest difference in CT values. The corti-
cal ROI consisted of all pixels measured between the deter-
mined outer and nner border, using all radial lines (ap-
proximately 120 in number).

The trabecular ROI consisted of an approximately circu-
lar area, excluding (1) the sector comprising the basiverte-
bral vessels and their surroundings, and (2) a subcortical
ares 3 pixels wide. The surface area of the ROIs depended
on the vertebral size and varied from 1.18 to 2.93 em? for
the cortical and 3.05 ro 6.63 em? for the teabecular ROIs.
The CT values obzained were converted 10 equivalent con-
centrations of dipotassium phosphate (mg K.HPQ. per ml,
BMD) using the CT values of a simultanegusly measured
phantom placed underneath the subjects. The phantom
contains tubes with various concentrations of K:HPO, (25—
400 mg/ml) representing the density range 1o be expected
in human vertebral bone.

The (short-term) coefficient of variation for the QCT
measurement was obtained by scanning 10 osteoporotic
women twice with a interval of 30-60 minutes. This proce-
dure included repositioning of the patient on the CT table.
The whole group was scanned within 4 months. Under
these conditions the coefficient of variation for duplicate
cortical and trabecular QCT measurements 15 2.5 and
2.7%, respectively, for L2-L3.
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FIG. 1.

Quantitative Roentgen microdensitometry
of the phalanx

The BMI} at the middle phalanx of digital 11 of the right
hand was measured by QMD.*** This technique uses two
standardized radiographs of the selected phalanx and 2 si-
multaneously radiographed aluminum reference wedge.
Because the two radiographs are made in planes perpendic-
ular to each other. an estimation of the bone mineral con-
tent per unit of volume can be achieved. The radiographs
are analyzed by an optical microdensitometer. The results
are expressed In mm aluminum Eg/mm?. In normal people
the coefficient of variation was found w0 be less than
1% 114

Statistical analyses

Comparisons of the results of the various methods of
bone mineral measurement were done with Wileoxon's
two-sample test. The significance of the trend in the mean
BMD of L.1-L3 as measured by QCT was assessed by the
rank test of Friedman. To investigate whether combina-
tions of the varicus techniques of bone mineral assessment
perform better in detecting spinal osteoperosis than cach
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CT secan of L3 showing the ¢ortical and trabecular ROI, respectively. For details see Materials and Methods.

technique on its own, Fisher's linear discriminant analysis
method was used. Finally, standard (Pearson) correlation
coefficients were calculated between the results of the den-
sitometric measurements, P values smaller than 0.05 were
considered significant. All P values are two-tailed.

RESULTS

Table 2 shows the mean values for each type of measure-
ment in the osteoporotic and normal groups. Because of
technical difficulties, such as inadequacy in the localization
of the ROI or vertebral collapse (in the osteoporotic group
only), the number of observations may be lower than the
number of participants. As can be seen in Table 2, all
means of the zodal measurements were (highly) signifi-
cantly lower in the group with spinal osteoporosis. The
means of the appendicular measurements were also lower
in the osteoporotic women; however, the difference was
only significant for SPA;. The individual data of the
axial measurements are depicted in Fig. 2.

To investigate the potential contribution of combina-
tions of the various techniques in detecting spinal osteopo-
T0si$. several diseriminant analyses were performed. The
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TaBLE 2. AsSESSMENT OF MmvERAL BoNE Mass?

Normals Osteoporotics
Axial
DFA
BMC (g Ha per L2-14) 369 = 57 (29 289 = 7.2 (23
BMD (g Ha per cm?) 082 = 0.10(22) 0.66 = 0,11 23)v
QCT (mg X,HPQ, per ml)
Trabecular L1 91.1 =+ 27.0 (22 459 £ 254 (12)¢
Trabecular L2 83.5 o+ 290 (23) 408 =203 (23
Trabecular L3 787 =+ 26.6 {23) 36.2 = 225 (24
Mean trabecular L2 + L3 81.1 =+ 274 (23) 40.3 = 19.4 Q22
Cortical L1 261.9 =+ 36.1 (23) 2053 = 352 (12
Cortical L2 3054 x 385 (23) 2428 = 556 (23
Cortical L3 314.3  x 49.8 (23) 2485 = 444 (b
Mean cortical L2 + L3 309.8 = 42.6 (23 2471 =+ 478 (25k
Peripheral
SPA (U/cm?)
Distal 0.8 = 0.18(23) 0.78 = 0.13 (24)¢
Proximal 1.21 = 0.23(23) 1.13 = 0.18 (24) NS
OMD (mm Al Eq/mm’) 0.490 = (.52 (23) 0.462 = 0.39 (25) NS

sMean values = SD. Number of observations in parentheses. Significance determined by Mann-
Whitney U test.

bp < 0.001.

cp < 005,

NS = not significant. Mean trabecular L2 + L3 denotes to the mean of the trabecular QCT
measurernent of L2 and L3. Mean cortical L2 + L3 denotes to the mean of the cortical QCT
measurgment of L2 and L3,
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FIG. 2. The results of the individual axial densitometric measurements, The horizontal lines denote the means. Details
are given in Table 2.
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QCT values of L1 were not included, leaving 23 cases in
the osteoporotic and 22 in the control group. The best dis-
criminating combination of the appendicular measure-
ments could classify only 39% of the subjects correctly. Of
the axial measurements, QCT,,, of L2 and L3 appeared to
have the highest percentage correctly elassified (79-§1%),
followed by DPA i, with 70%. Adding more variables in
a discriminant model already containing QCTy,, did not
result in essential improvements.

Table 3 shows the correlations among the results ob-
tained with the densitometric techniques. QCT .,y results
showed a good correlation with DPA results for normal
women (# = 0.76) and a moderate correlation for the os-
teoporotic women (r = 0.45). On the other hand, QCT o
versus DPA showed the opposite trend {r = 0.4% and 0.70,
respectively). For both groups a moderate correlation was
found between QCT,y and QCT o (r = 0.57 and 0.49,
respectively). Except for SPAj;y versus SPA o (r = 088
and 0.69), the results of the varions appendicular measure-
ments correlated moderately, at best. In the ostecoporotic
women the correlations between QMD and both $PA mea-
surements were even very low. In normal women both
DPA e and QCTp correlated with SPAg; and
SPAx (0-62 < r < 0.70). The results of none of the ap-
pendicular measurements showed a significant correlation
with QCTeon.

The results of the QCT measurements of the trabecular
part of the vertebrae show a significant decrcase in the
mean BMD from LI wo L3 (Table 2). In contrast, the re-
sults of the cortical measurements show an increase in the
mean BMD from L1 1o L3. For the trabecular ROI the
mean BMD decreased significant from L1 w L3 for the
two groups combined as well as for the control group. The
results of the cortical ROI showed a significant increase in
the mean BMD for both groups. The QCT densities of L1-
L3 were ranked for cach subject to assess individual
wrends. The mean ranks, which are given in Table 4, were
compared with Friedman's test.

DISCUSSION

The current study confirms earlier reportst3-1% that
BMD measurements of the axial skeleton discriminate
women with spinal osteoporosis from normal women
better than do measurements of the appendicular bone
mass, like SPA and QMD. Of the axial measurements
QCT ab 2ppears to have the highest predictive value with
approximately 80%, followed by DPAg,. with 70%.
Nevertheless, such a difference in diagnostic capabilities of
QCT e and DPAgpine must be confirmed in larger series
of ostegporotic women and matched controls,

The substantially larger decrement observed with
QCT 3y (—50%) compared with DPAgine (—20%) was in
agreement with that found by several other investiga-
tors''**" and suggests once more the higher diagnostic po-
tenual of direct trabecular measurements in detecting spi-
nal osteoporosis. Although our study differs from the
studies quoted by the fact that our normal subjects were
matched to the osteoporotic women according to age and
years since menopause, stll the differences found between
the two groups are as large as found by others. Further-
more, a significant difference of 20% in the cortical verte-
bral BMD was observed. That Jones et al.?** were not able
to detect such a difference between normal women and os-
teoporotic patients is probably because they used a com-
pletely different method 1¢ estimate compact bone density
values, Additionally, differences in the selection and num-
ber of participants may have been important. Despite these
differences it is clear that QCT,, does not provide impor-
tant additional information in this cross-sectional study.
The significance of this parameter, however, needs 10 be
assessed in larper series.

Previous reports suggested that the average CT values of
spongious bone of a single slice from various vertebral
bodies are relatively constant.'*-* However, our data in-
dicate a systematic decrease In trabecular BMD from L1 to
L3; on the other hand, the cortical BMD appears to in-

TaBLE 3. CORRELATIONS BETWEEN THE VARIOUS MEASUREMENTS IN BoTH GrOUPS®

DP. Aspim- QCTm:b QCTcart SP. Ad.isr 3P, Aprox QMD
DPAspinc s
chtmb 0.76 -
(0.45)
QCTon 0.49" 0.57 -
(6.70) (0.49)*
SPAgi 0.62 0.70 0.16 N§ —
(0.47" (0.44)* (0.40) NS
SPA on 0.66 0.69 0.22 NS 0.88 -
(0.34) N§ {G.a3)* (0.34) NS (0.69)
QMD 0.29 NS 0.41* 0.29 NS 0.53% 0.58 -
(0.05) NS (0.23) NS (0.24) N§ (0.15) N§ {0.27) NS

aAll correlations p < 0.01 except {*) p < 0,05; NS = not significant. The correlation coefficients of the osteopo-
rotic group are in parentheses. QCT,,,, represents the mean trabecular densily of L2 and L3; QCT,,,, represents the

mean certical density of L2 and L3.
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TazLE 4. REsuLTs OF FRIEDMAN's TEST PERFORMED oN THE QCT
MEasUREMENTS OF L1 10 L3

Group N Mean rank: LI-L2-13 o}
Trabecular Combined 2 2.56-1.94-1,50 0.0001
Controls v} 2.64-1.86-1.50 0.001
Osteoporotics 10 2.40-2.10-1.50 N§
Cortical Combined 32 1.09-2.19-2.72 0.00001
Controls 2 1.05-2.18-2.77 0.0001
Osteoporotics 10 1.20-2.20-2.60 C.006
crease, In our CT system & correction for beam hardening ACKNOWLEDGMENTS

i3 implemented for the total range of possible attenuation
values (for all detectors). This is achieved by using plexi-
glass (PMMA) bars of increasing thickness that cover the
whole fan array. Therefore, differences in CT values can-
not be explained by differences in beamn hardening associ-
ated with changes in overall cross-sectional thickness of the
body. In addition, preliminary results obtained with DPA
also showed an increase in BMD from L2 to L4 (data not
shown). It remains to be elucidated whether there exists a
parallel between cur data and those obtained by Nottestad
et al.’®*¥ They observed in human cadaver vertebrae an in-
crease in the mean total body calcium content of the whole
vertebral body from L1 to L3 and simultancously a de-
crease in the percentage of trabecular bone calcium,

Widely differing correlations among the results of the
axial measurements and between the results of the axial
and appendicular measurements have been reported in ap-
parently similar groups of patients.'”!"2% [n general, as is
the case in our study, the best correlations have been
found between the results of various axial measurements,
but moderate to even low correlations have been observed
between the data derived from the adal and appendicular
skeleton, respectively. It may be of significance that in os-
teoporotic subjects a better correlation between the results
of DPA and QCT,,, was observed than in normal woman.
This may indicate that in established spinal osteoporosis
DPA results reflect mainly vertebral cortical bone.

In our study the highest correlation between the results
of a peripheral and an axial measurement is 0.70 (SPAg,
versus QCTy.y)- However, the implication of this appar-
ently reasonably good correlation is that a measurement at
one site can account for approximately 4% of the var-
ability (r?) at the other site. Therefore, peripheral measure-
ments are not suitable to predict axial BMD.

In conclusion, measurements of spinal trabecular bone
density by QCT allow the best discrimination between
healthy women and women with spinal osteoporosis, Fur-
thermeore, in this study peripherai and axial cortical mea-
surements added littte information on the degree of spinal
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CHAPTER 7
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ABSTRACT

Endogenous estrogen, androstenedione and sex hormone binding globulin (SHBG) levels
were studied in relation to peripheral and axial bone mineral density (BMD) in 43 postmenopausal
women (aged $8-72 years). From a larger population study two groups of women were selected with
low and high endogenous estrone (E,) levels, respectively. The group with low estrone levels showed
a lower BMD at all measurement sites, significantly so at the peripheral sites. Each group was
divided further into 2 groups based on their SHBG levels. The BMD of the resulting 4 groups was
tested along a ranking of increasing estrogen bio-availability. In the low-E,/high-SHBG-group a
significantly lower forearm BMD was found than in the other groups. The body mass index (BMI)
was significantly higher in the high-E, group. Correction for the differences in BMI led to the loss
of the differences in BMD between the low- and high-E, groups and also of the differences in
BMD between the low-E;/high-SHBG and the high-E /low-SHBG subgroups. When the low- and
high-E, groups were subdivided according to their BMI values the BMD of the low-E /low-BMI
subgroup was at all sites and with all methods considerably lower than that of the other three
subgroups. In women around 70 years of age BMI is a main determinant of bone mass acting
through its influence on estrogen and SHBG formation as well as through other mechanism(s).

INTRODUCTION

In the perimenopausal years endogenous estrogens are important for the conservation of the
bone mineral mass’. In the early postmenopausal years bone mineral density (BMD) appears to be
more related to estrogen deficiency than to age?, but this relationship is less clear in the late
postmenopausal years® *. Riis et al® found no differences in the levels of estrone (E,), estradiol (E,)
and androstenedione {A) nor in fat mass between groups of 70 year old women with and without
osteoporotic fractures, whereas among early postmenopauszl women {45-54 years old) the subjects
with rapid forearm bone mineral loss had significantly lower E,, E, and fat mass than the slow
iosers of bone mineral.

Apart from the postmenopausal endogenous estrogen level itself the estrogen binding
protein (sex hormone binding globulin; SHBG) may be of importance for the bope conserving
activity of estrogens as the fraction of circulzting sex steroids that is bound to SHBG is not avail-
able for receptor binding nor for metabolism®. Comparing elderly women (average age 75.6 years)
with hip fractures to age-matched controls Davidson et al.” found no differences in E., E, and
testosterone (T). However, SHBG levels were significantly higher and free E, and free T and
percent ideal weight were lower in the osteoporotic group. The differences in SHBG , free E, and
free T disappeared when a subgroup of the fracture patients was matched according to percent ideal
body weight. Subsequensly, they reported on 30 women {aged 63 £ 1 years) with and without spinal
fractures and found no lower levels of sex steroids (E;, E,, T, A and DHEA(S)) and no higher
SHBG in the osteoporotic group®. Based on 2 population study van Hemert et al. observed an inverse
relationship between the level of SHBG and metacarpal bone mass in 746 normal women aged 53-76
years®.In 2 subgroup of women of 65 years and over a significantly higher SHBG level was found in
women with osteoporotic fractures (mainly vertebral) compared to a group without fractures, while
age and body mass index (BMI) did not differ between the 2 groups. In adults the SHBG level is
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rather strongly inversely correlated to body weight and positively to age® 1°. Exogenous estrogen
raises the SHBG level, while exogenous androgen lowers it** 2,

In the present study we investigated the influence of the SHBG level and BMI on
peripheral and axial bone mineral mass in two groups of women, aged 68-72 years, selected from 2
normal population®s*® according to thejr low and high serum E1 level, respectively.

TABLE I: Characteristics of the participants.

low serum Ea high serum Ei p-value

n = 23 n = 20

Age (years) 68.3 {1.9) 68.2 (1.9} N3
Years since menopause 17.8 (1.0) 15.4 (0.8) NS
Height (cm) 164.3 (1.2) 162.3 {1.5) NS
Weight (kg) 68.3 (1.9) 75.4 (1.9) 0.02
Body Mass Index (kg/m=) 25.7 (0.6) 2.7 (0.7) 0.0002
Eztradicl (pmel/1) 17.8 {3.9) 49.1 (6.1} 0.0001
Androstenedione (nmol/l) 2.5 (0.3) 4.7 (0.5) 0.0004
SEBG (nmol/1) §59.9 (9.5) 76.4 {15.7) NS

Characteristics of the participants in the low {65.1 = 4.3 pmol/l) and
high E: (288.9 = 10.1 pmol/l) group, respectively. Values are means.
Standard errors of the mean hetween parentheses.

Two-sided p—-values calculated by Tt-test.
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TABLE II: Results of the bhone mineral masg assessments in 43 healthy
poatuenspausal women.

low estrone high estrone p—value
n = 23 n = 20
SPaA dist. 0.84 (0.04) 0.96 (0.04) 0.05
(units/cm?®)
SPA-prox 1.11 (0.05) 1.26 (0.05) 0.03
(unita/cm?)
DPA spine 0.77 {0.02) 0.83 (0.03) NS
(g HA/cm?)
QCT trab 76.1 (6.0) 85.5 (9.2) NS
(mg/ml)
QCT cort 259.9 (12.7) 278.7 (12.8) NS
(mg/ml}

Peripheral and axial bone mineral densities of the high and low estrone
groups. Values are means. Standard errors of the mean between
parenctheses. Two-sided p-values calculated by c—test.
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Fig. 1: Difference in BMD between the high- and low-E, groups.

Open bars: without correction, clesed bars: after
correction for BMI. Means + SEM
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MATERIALS AND METHODS

43 Healthy women of 68-72 years were selected from a larger epidemiologic study
comprising 746 women aged 58 to 77 years® . The selection was based on serum E, levels.
According to Cauley st al.*® one single measurement of E, is reproducible and reliable in
characterizing a postmenopausal woman for epidemiologic research. One group (n=23) with low E,
levels was selected at random from the I0th to 20th percentile and a second group (n=20) with high
E, levels from the 80th to 90th percentile, None of them used glucocorticoids or hormonal substitu-
tion. Previous use of these drugs never had exceeded 3 months. All women were volunteers and
gave informed consent.

Peripheral bone measurements were done at the right forearm according to the Single
Photon Absorptiometry (SPA) method described by Nilas et ai*®, using 2 Nuclear Data 1100a bone
density scanner. Measurements were performed both distally (SPA-dist) and proximally (SPA-prox)
in the forearm. With this techmique the bone measured distally consists to 2 larger extent of
trabecular bone than proximally®®, The results are expressed as BMD in arbitrary units (U/em®. A
correction for the variability of the amount of fat in the forearm has been used™.

For the Dual Photon Absorptiometric (DPA) measurements of the lumbar spine (DPA-
spine) L, through L, was the region of interest, Measurements were done with a Novo BMC-lab 222
scanning device as described by Krelner and Nielsen'®, The results are expressed as BMD in gram
hydroxyapatite (HA) per cm?.

For the Quantitative Computed Tomographic (QCT) densitometric measurements a Philips
Tomoscan-350 was used. Trabecular and cortical measurements (QCT-trab and QCT-cort) were
performed as described previously®®. Scans, with a slice thickness of 6 mm, were made in the
midplane of L, through L, as selected from a lateral scanogram. Results were converted 1o
equivalent concentrations of di-potassium phosphate (mg K,HPQ,/ml) by means of a simuitaneously
scanned phantom placed underneath the patient. The coefficient of variation was for SPA-prox
and -dist (both BMD) 1.0 and 1.9 %, respectively, for DPA-spine (BMD) in osteoporotic patients
2.3 % and for QCT-trab and -cort in normal women 2.5 % and 2.7 %, respectively.

E, concentrations were measured by radioimmunocassay (RIA) as described by van
Landeghem et a1°°, estradiol (E,) concentrations by
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TABLE III: Body mass index and results of warious measurements of bone mass
(BMD) in the four subgroups based on serum E: and SEBG levels.

Group low Ea low Ez high Ei High Ei

high SHBG low SHBG high SHBG low SHBG
N 11 12 10 10
BMI 2644 (1.0004 26.4 (0.85) 28.3 (1.09) 25.1 (1.12)
(kg/m=)
SP4 dist 0.78 (0.05)#% 0.%0 (0.05) 0.90 (0.08) 1.01 (0.04)
(U/em)
SPA prox 1.06 (0.05)#% 1.16 (0.083) 1.17 (0.08) 1.33 (0.05)
(G/ecm?)
DPA spine 0.75 (D.04) 0.80 (0.02) 0.83 (0.03) 0.84 (0.04)
(g BA/cm®)
QCT trab 71.0 (6.9 80.2 (9.5) 80.2 (13.0) 90.8 (13.8)
mg KnHPOz./ml)
QCT cort 251.3 (18.3) 267.0 (18.2) 275.5 (20.9) 281l.8 (16.3)
ng KzHPO.)

Values are means. Between parentheses SEM.

% p < 0.01 compared with high E. / low SHBG group (analysis of variance).
# p < 0.05 vs. the other groups (t-test).

TABLE IV: Results of warious bone mass measurements (BMD) in zhe four
subgroups based on serum Ei and BMI,

group low Eix low Ea high Ea high E»

low BMI high BMI low BMI high BMY
BMI 22,7 (1.8) 27.7 (2.3) 26.6 (1L.4) 3l.l1 (3.1)
(kg/cm®)
N 11 12 10 10
SPA dist 0.75 (0.05)# 0.%2 (0.05) 0.95 (0.06) 0.96 (0.07)
(U/em?)
SPA prox 1.00 {0.06)# 1.21 (0.086) 1.22 (0.06) 1.29 (0.08)
(Ufem=)
DPA spine 0.72 (0.04)#  0.82 (0.03) 0.84 (0.04&) 0.83 (0.05})
(g HA/cm=)
QCT trab 58.5 (6.4} 87.7 (7.5) 83.3 {9.2) 88.4 (18.8}

(mg KaHPO-/m1)

QCT cort 227.4 (22.2)# 281.6 (12.6) 269.5 (19.6) 290.9 (14.9)
(mg K=HPO./ml)

Values are means. Between parentheses SEM.
# p s 0.01 vs. the other groups (t-test).
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a RIA kit of Diagnostic Products Corporation (Los Angeles, California, USA) and androstenedione
(A) levels by a RIA kit from Eurodiagnostics (Apeldoorn, The Netherlands). SHBG was measured as
described by Hammond et al?’. The inter- and intrzasay variations of these determinations varied
from 10.8-14.6 and 16.5-18.4 %, respectively®,

DATA ANALYSIS

The data were analyzed in two ways. First, group means comparisons were made using a t-
test for unpaired observations, The results for varipus comparisons are expressed as means aad
standard errors of the mean for each of the groups. Second, to test the mediating effect of plasma
SHBG level the low and high estrone group were each divided in two subgroups with high and low
SHBG levels, based on the median level of plasma SHBG. Similarly, the low and high E, groups
were each subdivided in two subgroups with low and high BMI values, according to the BMI
median value. The differences between the resulting two times four groups were again studied with
a t-test and differences across groups using analysis of variance. Two-sided p-values are used
throughout. When applicable adiustments for confounding variablas were made using multiple linear
regression analysis.

RESULTS

The general characteristics of the two stady groups and their blood analysis are given in
Table I. As could be expected the serum gonadal hormone levels differ significantly between the
groups. All the values of the bone mineral assessments (Table 1) in the low-E, group are lower than
in the high-E, group, significantly so for the forearm measurements

Because the BMI was also significantly lower in the low-E; group (Table I) the BMD data
were -by regression analysis- corrected for body mass. Subsequently, the difference in forearm
BMD between the low- and high-E, groups were no longer observed (Fig. 1). On the other hand the
significant differences in E, and A between the two groups of women did not disappear after
correction for BMI. To investigate whether the SHBG level modulates the effect of low and high
estrogen levels on BMD, the two groups of women were divided in subgroups on the basis of the
serum SHBG level. The forearm BMD was in the first (low-E,/high-SHBG) subgroup significantly
lower than in the fourth (high-E,/low-SHBG) subgroup (Fig. 2, Table III). Because also the
relationship between the SHBG level and BMD disappeared, when the data for the four subgroups
were corrected for body mass, we again subdivided the low- and high-E, groups, this time
according to low and high BMI values. As can be seen in Fig. 3 and Table IV the BMD was in the
low-E,/low-BMI subgroup of women considerably lower than in the other three subgroups. This
applied to the results of all types of measurement znd zt 2ll sites measured.
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DISCUSSION

Using bone mass as a selection criterium several authors have established a rather strong
correlation between the levels of estrogens and bone mass’*Z2, We decided to study this
relationship, in the open population, by an opposite approach, ie. using estrogen level as the
selection criterium. In this way we found that the women selected with regard to low {from the 10th
to the 20th percentile) and high (from the 80th to the 90th percentile) serum E; had significantly
different forearm BMD (two sites). The fact that in the lumbar vertebrae the BMD was not
significantty different between the low- and high-E, groups may reflect the lower precision of the
methods used for that region as compared with those used at the forearm. To further amalyze the
importance of estrogen levels one has to comsider factors influencing those levels and estrogen
bioavailability, such as androstenedione (A), fat or body mass and SHBG.

Postmenopausal estrogen levels are largely dependent on the adipose tissue aromatization of
A secreted by the adrenal cortex. Accordingly, a correlation between the serum estrogen level and
the adipose tissue mass (or the body weight) has repeatedly been demonstrated in pre- and
postmenopausal women®-2%, Serum E, was in this situation also dependent on the plasma A level®.
Selection on the basis of low and high E, levels in our hands resulted in a selection according to low
and high body mass and serum A. Therefore, we had to exclude the possibility that the observed
differences in BMD between the two groups had to be partly attributed to differences in these
variables. In the population-based study, from which our subjects were afterwards selected, van
Hemert et ai® demonstrated an independent relationship between age, SHBG, E, and BMI on the
one hand and peripheral bone mass on the other. In the present study the difference in A between
the groups with low and high serum E,; was still observed after correction for body mass. However,
no correlation between BMD at the various sites and serum A was found (data not shown).

The biological effects of a steroid hormone are determined by the binding of the free
hormone to the receptor. In the case of a constant concentration of estradiol an increased SHBG
level will in the steady state be accompanied by 2 lowered free hormone concentration. In
postmenopausal women the influence of SHBG is especially important because feed-back control of
estrogen production is lacking. The results obtained in this study appeared to support this concept
{Fig. 2 and Table IiI): When the patients of the two groups were ranked in categories of supposedly
increasing estrogen activity a difference in BMD was observed. However, as mentioned we found 2
parallel significant difference in BMI between the low- and high-E,; groups. In adults body weight

and serum SHBG are inversely correlated® - Correction of our data for the differences in BMI
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led to a loss of the significant differences in BMD between the low-

and high-E; groups as well as between the low-E,/high-SHBG and high-E,/low-SHBG subgroups.
Subdivision of the low- and high-E, groups as to the BMI values revealed at all sites measured a
considerable difference in BMD between the low-E,/low-BMI group and the other groups.
Therefore, one may conclude that in the postmenopausal women selected BMI is a main determinant
of bone mass acting by influencing the serum estrogen and SHBG levels, but in addition

independently from these mechanisms.
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BONE MASS IN WOMEN
WITH PRIMARY BILIARY CIRRHOSIS: THE RELATION WITH
HISTOLOGICAL STAGE AND THE USE OF GLUCOCCORTICOIDS
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Bone Mass in Women With Primary
Biliary Cirrhosis: The Relation With
Histological Stage and Use of

Glucocorticoids

F. N. R. VAN BERKUM, R. BEUKERS, |. C. BIRKENHAGER,
P. P. M. KOOI], 8. W. SCHALM, and H. A. P. POLS

Departments of Internal Medicine 111 and Clinical Endocrinology, Internal Medicine II and
Hepatology, and Nuclear Medicine. University Hospital Rotterdam "Dijkzigt,” Erasmus

University, Rotterdam, The Netherlands

To assess the impact of primary biliary cirrhosis on
bone mass in general and the relative importance of
the stage of the liver disease and of treatment with
glucocorticoids for the possible development of os-
teoporosis, hone mineral mass was measured by
single and dual photen absorptiometry in 55 unse-
lected female patients with longstanding primary
biliary cirrhosis. Although most of the patientshad a
bone mineral density within the normal range, the
bone mineral densities of the lumbar spine and distal
and proximal forearm were 8% (P < 0.004), 8%
(P < 0.03), and 5% [NS) respectively, lower than in
age-matched healthy women. Multiple regression
analysis showed that the histological stage of the
liver disease {early stage vs. late stage] was an
independent determinant of axial bone mineral den-
sity, whereas the use of glucocorticoids resulted in
only a moderate and not significant bone loss. Serum
calcium proved to be significantly lower in the
patients with late-stage primary biliary cirrhosis
than in these with early-stage disease, whereas no
significant differences were found in these groups
with regard to several biochemical parameters of
bone metabolism. In conclusion, in patients with
primary biliary cirrhosis, bone loss was only moder-
ate and related to the histological stage. The effect of
low-dose glucocorticoids on bone mass seemed not
significant.

Primary biliary cirthosis (PBC) is a chronic disease
of the liver typically encountered in middle-aged
waomen; it is characterized by an inflammatory process
affecting the intrahepatic bile ducts, This inflamma-
tion is accompanied by cholestasis and may eventually
result in biliary cirrhosis and death of hepatic failure
1).

Like other cholestatic liver diseases, PBC may be

complicated by metabolic bone disease. Both osteoma-
lacia and osteopenia have been described in PBC
{2-12). Nowadays. it is generally agreed that osteoporo-
sis is the more commeon and clinically more important
lesien in PBC. In patients with PBC, prevalence rates
of osteoperosis, based on histological criteria, have
been reported to vary from 0% -17% (8.10.11.13). The
cause of osteoporosis in PBC is unknown.

Currently there is no effective treatment for PBC.
and results with various immunosuppressive or antiin-
flammatory drugs have been disappointing [14). Espe-
cially in PBC, glucocorticoids are assumed to aggra-
vate ostecporosis {1,15), but this has never been
extensively studied.

The current study investigated the determinants of
bone mineral density in 55 unselected female patients
with PBC. Furthermore, we investigated whether glu-
cocorticoids cause a further decrease of the bone
mineral density in PBC. and if so, to what extent.

Materials and Methods
Puatients

From 1973 to 1988. a diagnosis of PBC was made in
our department in 102 patients {88 weimen). Fourteen pa-
tients (all women) were lost to follow-up and 22 [18 women)
died, Of the 66 patients still followed up 57 are women. Of
these women, one was excluded because of severe polymyo-
sitisand conseguent immebilization; the other was excluded

Abbreviations used in this paper: BMI, bone mineral density;
DEPApiner dual photon absorptiometry of the lumbar spine; Ha,
hydroxyapatite; OH.prol, hydroxyproline; 1,25{0H),D,, 1,25-
dihydroxyvitamin Dy; 25{OH)D,, 25-hydroxyvitamin D,; PBC, pri-
mary billary cicrhosis; PTH, parathyrold hermone; SPA,,, single
photon shsorptiometry of the distal {forearm; SPA,,.,.. single pho-
ton absorptiometry of the proximal forearm,
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because incomplete data were obtained. The remaining 55
patients (aged 39-75 years) were entered to the study. All
patients’ liver biopsy results were consistent with PBC, and
all had positive tests for antimitochondrial entibodies. Nore
of the patients had evidence of bane disease in their history
or at physical exarnination. All patients received a diet
containing at least 1.5 g of calcium daily, and vitamin D, (400
IU/day orally) was supplemented, when indicated by serum
25-hydrexgyvitamin D, 25{0OH)D,] levels (six patients). In
principle, therefore, il patients may be censidered to have
had an adequate intake of calcium and vitamin D.

Thirty patients had been treated for their PBC with
D-penicillamine, azathioprine, colchicine, cyclosporin A,
prednisone, or combinations of these drugs. Of these pa-
tients, only five had been treated with azathioprine or
cyclosporine A. Twenty-three patients had received gluce-
corticoids or were still treated with glucocorticoids. Al
patients were initially administered 30 mg of prednisone
which was tapered, off within 6 weeks to a maintenance dose
of 10 mg. The mean duration of treatment was 6.3 years
{range, 0.3-14.5 years). For the calculation of the cumulative
glucocorticoid dose, one patient with chronic asthma was
excluded because reliable data could not be obtained.

To determine the relationship between the histological
stage of PBC [assessed according to Scheuer (15]] and
parameters of bone metabelisin and bone mineral density
[BMD), the patients were divided into groups of early-stage
{stageIand I n = 30] or late-stage [stage T ond TV, n = 25)

BONE MINERAL MASS IN PRC

disease [Table 1). Furthermore, the effects of treatment with
ghicocerticoids on the same parameters were studied, by
subdividing the PBC patients in a group who used or had
used glucocorticoids (n = 23) and a group who had never
used this type of drug [n — 32) (Toble 2). Informed consent
was obtained from all participants.

Biochemistry

Serum concentrations of calcium, creatinine, inor-
ganic phosphorus, bilirubin, and albumin were measured by
standard methods, Serum calcium levels were corrected for
the serum albumin concentration as described by Payne et
al. (17). Urinary hydroxyproline (OH-prol) excretion was
measured according 10 a previously described method (18).
Serum 25-{OH)D, levels were measured by a competitive
protein binding assay, whereas 1,25-dthydroxyvitamin D,
[1.25-(OH).D,), immunoreactive intact parathyroid hormone
[FPTH{1-84])] and osteccalcin were measured with commer-
cially available kits {Inestar Corp., Stillwater, MN).

Assessment of Bone Mineral Mass

All patients were measured with photon absorptiom-
elry, as described elsewwhere [19). Peripheral bone measure-
ments wore carried out at the right ferearm according to the
method described by Nilas et al. {20), using a Nuclear Data

Table 1. Potient Characteristics, Bone Minera! Densities, and Biochemicel Data According to the Classification Besed an

Histological Stage of the Liver Disevse

Early stages Late stages r Normal values

Na. 30 25
Age [yr) 592276 6.1 = 9.7 NS
Height (cm) 162.6 = 7.8 1611 = 5.7 NS
Mean menopausal age® 483 502 NS
Weight {kg) 68.1 = 118 6LY = 7.6 <0.05
Cueteler index (kg/om?) 25.7 = 4.10 237 £33% NS
Duration of PBC (yr) 8.2 +36 72529 NS
Cortigoids (n) 12 11

Cumulative dose (g) 25.8 = 25.5 22.8 = 15.0 NS
BMDY?

DPA, e (%) 94.8 = 147 854 = 106

SPAy, (%) 961 = 202 85.8 = 175

SPA . [%) 100.2 = 17.2 915 = 162
Serum
Bilirubin (nmol/L) 16 £ 17 31 =44 0.05 2-12
Calcium [mmol/L) 245 = 0.07 2.29 = 0.15 0.002 2.20-2.65
Albumin (g/L} 426 x 21 30.2 = 6.2 NS 3648
PTH (pg/mL) 19+ 19 20210 Ng 10-55
Osteocalein (ng/mL) 3.5=x14 35+16 NS 1.8-6.6
25-(OHJD, [nmol/L) 3.2 = 45.3 70.9 = 43.0 N$ =30
1,25-(OH)LD, [pmel/L) 61.2 = 189 39.3 = 17.6 NS 40-101
Urine

Calcium/creatinine (rmel/mol) 0.30 = 0,18 0.35 + 0.22 NS 0.25 = 0.06

OHe-prol/creatinine (mol/mol} 0.02 = 0.01 0.02 + 0.003 NS$ 0.02 » 0.005
TMP/GFR (mmol/L) 11 =02 1102 NS 0.81-1.35

NOTE. The values are expressod as mean « SD. The cumulative dose of corticoids Is expressed 2s prednisone equivalents.

“For both groups, the mean age at menoepause was calculated.

"The BMiDs are presented as porcantages of age-matched control subjects.
“Corrected for serum albumin. Forstatisticnl evaluation, multiple lingar regression analysis wes used. as described in Matetials and Mothods.
GFR, glomerular filiration rate; TMP, maximal renal resbsorption of inorgenic phesphate.
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Table 2. Patient Characteristics, Bene Mineral Densities
and Biochemical Date According to the
Classification Besed on Use of Glucocorticoids

No
steraids Steroids P
No. az 3
Age [yr) 502 =35 55.9 = 87 NS

Mean menopausal age® 48.9 49.0 NS

Height {erm) 160 = 6.1 163 = 75 NS
Weight {kg] 64.7 = 8.4 659 > 134 NS
Quetelet index [kg/em’) 251 % 31 24.5 + 87 NS
Duration of PBC (yr) 69 = 3.0 89+35 NS
Early/late stage 19/13 11/12
BMD®
DPA g, (%) 926=155 875 =108
SPA, (%) 955=219 861 =149
SPA e [F] 101.1 = 138 90.0 = 126
Serum
Bilirubin (umal/L) 24 = 40 23223 NS
Calcium (mmel/L¥ 235 = 0,16 2.34 = 0.81 NS
Alburmin (/1) 409 £ 5.8 41286 NS
PTH (pg/mL) 2327 27 » 12 NS
Osteccolein (ng/mL) 3.7 =14 32=1% NS
25-{OHD; [nmel/L) 582 =213 780 = 614 NS
1.25-(OH).D;, {pmel/L) 61.9 = 189 58.2 = 17.8 NS
Urine
Calcium/creatinine
[moel/mel) 0.33 = 0.20 0.32 = 017 NS
OH-prol/creatinine R
(mel/mel) 0.02x000  0.03=x001 NS
TMP/GFR (mmoi/L) 11=z02 1102 ° NS

NOTE: The values are expressed as the mean = SD.

“For both groups, the mean age at menopause was caleulated.

*The BMDs are presented os percentoges of age-matched contral
subjecta.

“Corrected for serum albumin. For statistical evaluzaton, multiple
linear regression analysls was used as described in Materials and
Methods. For normal values, see Table 1.

[Hgrsholm, Denmark] 1100a bone density scanner, Measure-
menls were performed both distally (SPA,,) and proximally
[SPA,..). With this technique, the bone measured distally
consists of trabecular bone in a higher proportion than when
measured proximally [21). The results are expressed as BMD
in arbitrary units (U/em?). In our laboratory, the coefficient
of variation, based on 50 duplicate measurements in normal
subjects, is 1.9% for the distal site and 1.0% for the proximal
site.

For the dual energy photon absorptiometric measure-
ments of the lumbar spine [DPA,,,,,). L2-4 was the region of
interest. Measurements were carried out with a Novo
[Bagsvaerd, Denmark) BMC-lab 22a scanning device, as
described by Krolner and Nielsen (22). Results were ex-
pressed as grams hydroxyapatite (Ha) per square centimeter
(BMD). The coefficient of variation calculated on the basis of
duplicate measurements of the lumbar BMD of 20 patients
with osteoporosis in our laboratory is 2.3%.

Statistical Methods

Bone densitometric values of the PBC patients
[n = 55) were compared with values obtained from & group

GASTROENTERCLOGY Vol. 99, No. 4

of age-matched healthy subjects, randomly sampled from a
reference group described previously [19). Differences were
analyzed by Mann-Whitney's test.

Multiple linear regression analyses were performed to
cvaluate the dependency of the various densitometric val-
ues on age, histological stage of PBC, and the use of
glucocorticoids. In this way, the influence of disease stage,
glucocorticoids, and age, respectively, on bone mass was
evaluated independently. Adding the variables [corrected)
serum calcium and Quetelet Index {or weight) in the regres-
sion model had no significant influence. The participants
were classified to subgroups according to use of glucocorti-
coids and the histological stage. The Mann-Whitney test was
used to compare the differences among the varicus parame-
ters in the subgroups.

Results
All Patients

Mean BMDs at both the distal region of the
forearm and in the lumbar spine were 8% lower in
patients with PBC than in normal women of the same
age (P <0.03 and P < 0.004, respectively: Table 3).
However. no significant difference was observed in
the proximal forearm. In Figure 1A-C, the axial and
peripheral BMD values of the patients are plotted
against age. Although the mean DPA,,,, and SPAy,
were significantly lower, most of the individual BMD
values of the patients are within the normal range. For
all biochemical parameters, no differences between
the total PBC group and our reference values were
found, including vitamin D metabolites. PTH, and
osteocalcin.

Early and Late Stage

Using the criteria of Scheuer (16), the patients
were subdivided in groups with early stages (I and I1)
and late stages of PBC ([II and I'V), With this appreach,
the only significant difference in clinical characteris-
tics between these two groups was weight, which was
lower in the late-stage group (Table 1). Late stage PBC
appeared not to be associated with a longer duration
of the liver disease. Of the biochemical parameters
measured, only bilirubin was higher in the late-stage

Table 3. Bone Minera! Densities in Patients With PBC and
Age-Matched Control Subjects

DP A 5PAy, SPAp
Conirol subjects 0.85 = 0.14 0.97 x 019 1.30 = 0.25
[n =55)
PBC 0.78 £ 012 0.83 = 0.20 1.24 = 0.22
n = 55]
P value <0.004 <0.03 0.18

NOTE. BMDs are expressed in groms hydroxyapatite or units per
square centimeter = S0 {see Materials and Motheds). The reference
group is also described in the Materiala and Methods section.
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Figure 1, Bone minezs] densities of {A] Jumbar spine [DPA,,,.) and
(B) distal (SPA,.) and [C) proximal {$PA,,.,) forearm in 55 patlents
with PBC. Shoded ares Indicates the 5th to 95th percenmtles
determined for 171 normal woreen. 4, Patients who used or had
used corti costerolds; @, patlents who never used cortitesteroids.

group, whereas on the other hand serum calcium and
corrected calcium levels were significantly lower in
this group (Table 1). Using the multiple regression
method, we observed a tendency to lower age-
corrected peripheral and axial BMD values in the
late-stage group. However, this difference reached
significance (P < 0.002) only for DPA,,,,, Weight or
Quetelet index could not be identified as independent
determinants of BMD in these groups.

Glucocorticoids

The patients with PBC who used or had used
glucocorticoids were also compared with those who

BONE MINERAL MASS IN PBC

4 =corticostorolds
® = no corticosterolds

20 30 £ 50 &0 70 60
Age in years

A = corticosteralds
@ = no corticostereids

©

20 30 20 50 50 70 80
Age in years

had never used this type of drug. Asshown in Table 1,
no significant differences between both groups could
be abserved. Also, the cumulative dose of glucocorti-
coids was not correlated with the histological stage of
PBC. Nevertheless, the steroid group tended to have
lower age-corrected BMDs than the nensteroid group.
Multiple regression analysis indicated that for SPA
this trend just reached significance (P = 0.03).

Discussion

The results presented in this report confirm
earlier reports that the peripheral BMD at the distal
forearm is lower in female patients with PBC than in
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age-matched control subjects (6,8). Furthermore, axial
BMD, another parameter of trabecular bone mass,
was also significantly lower in the patients with PBC.
Only BMD measurements at the proximal forearm,
largely reflecting cortical bone, did not show a signifi-
cant difference with our reference group. Therefore,
these results suggest a preferential loss of trabecular
bone compared with cortical bone in PEC-related
bone disease.

However, our findings are not in agreement with
the severe form of bone loss as described by Hodgson
et al. {18). These investigators reported that in approxi-
mately 50% of their patients with PBC. axial BMD
values were even below the theoretical fracture thresh-
old, whereas we found a mean reduction of BMD of
only 8% both in the lumbar spine and distally in the
forearm. compared with the results in age-matched
contral subjects. This discrepancy may be explained
by differences in the populations of patients studied
and in the statistical methods used. For instance,
Hodgson et al. used a linear relationship for the
age-related axial bone loss in control subjects, whereas
the current report used the more common nonlinear
function with an accelerated bone loss around the
menopause (Figure 1A-C and reference 19).

At the presentation of PBC, there i little evidence
for metabolic bene disease (13}; it remains to be seen
whether early substitution with vitamin D and cal-
cium, as applied in our patients, prevents bone loss. In
this respect, the available data are not conclusive,
because only the effect of relatively short-term treat-
ment with vitamin D on bone loss has been reported
(4.5).

The importance of the histological stage of PBC for
bone mass is illustrated by the significant difference
between the axial BMD of our early-stage and late-
stage groups. To our knowledge, this is the first report
of such a relatienship. Another interesting observation
in the current study was the slightly but significantly
Jower mean serum calcium level in patients with
histological evidence of late-stage PBC. This was not
accompanied by differences in the concentration of
vitamin D metabolites or PTH. The latter observation
might indicate a certain degree of hypoparathyroidism
in this patient group, because the lower mean serum
caleium level should have resuited in a higher mean
PTH concentration. Also in other studies. normal or
even subnormal serum immunoreactive PTH levels
have been found (5,6).

Unfortunately, we had no opportunity to measure
parameters of calcium absorption to investigate a
possible relationship with serum calcium levels and
bone mass. However, it has been reported that chronic
intestinal calcium malabsorption seems to be impli-
cated in the pathogenesis of bone loss in patients with
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PBC (6}. Consequently, our findings could be a reflec-
tion of this phenomenon.

Several recent studies have shown that not osteoma-
lacia, but osteoporosis in the most frequently found
metabolic bone disease in patients with PBC {5-12).
Furthermore, histological analyses of bone bicpsies
have shown impaired ostechlastic function with de-
creased bone formation (9,10). Although we have not
performed bone biopsies, the slightly lowered serum
csteocalcin levels in our PBC patients, as compared
with reference values, do not indicate a severely
impaired osteoblast function. This is in agreement
with the very moderate lowering of bone mass in our
patients.

The recently proposed hypothesis that toxic sub-
stances related to hepatic disease and cholestasis play
a role in PBC-related bone disease remains attractive
(10,12). For instance, copper and bile salts are knewn
to have cytotoxic effects and are found in high concen-
trations in hepatocytes and other tissues of patients
with PBC (10). In patients with Wilson's disease,
copper may be implicated in the development of
hypoparathyroidism [23). Toxic substances might not
only interfere with osteoblast activity but might also
depress parathyroid function (24,25

Several investigators consider the use of glucocorti-
coids in the treatment of PBC disadvantageous be-
cause of the induced bone loss (1,15). However, our
observations do not indicate a clinically important
long-term influence of glucocorticoids, in the doses
used, on bone mass or biochemical parameters of bone
turnover. A recent study by Diamond et gl (12) of
patients with hepatic osteodystrophy points in the
same direction. An explanation for this finding could
be that most of our patients were kept on a relatively
low maintenance dose of prednisone (10 mg daily]. We
did not observe lower serum osteocalcin levels as
others did in glucocorticoid-treated patients (26). How-
ever, we have to emphasize that not all patients in the
stercid group were treated at the time of measure-
ment. Because only a limited number of patients have
been treated with azathioprine or cyclosperine A, it
may be assumed that the potential negative effects of
these substances on bone mass could not have influ-
enced our overall results significantly,

In patients with rheumatoid arthritis, low-dose glu-
cocorticoids also did not significantly diminish bone
mineral content (27). Similar data were obtained by
our group in patients with chrenic obstructive lung
disease (28). In this respect. the importance of- the
cumulative dose of corticoids has been stressed by
Dykman et al. (29). Indeed, in our patients the mean
cumulative dose was below the critical level (30 g
eqguivalent of prednisone) indicated by these authors
for the oceurrence of fractures. Therefore, we believe
that relatively low doses do not strongly accelerate the
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progression of osteoporosis in patients with PBC. This
conclusion may have relevance for future studies,
because long-term prospective controlled trials of
corticosteroids in PBC are lacking.

In conclusion, our study does not indicate the

oceurrence of a severe degree of bone loss in our
patients with PBC, although we found a moderately
lower BMD in patients with a late histological stage of
PBC. Furthermore, the assumed deleterious effect of
long-terma {low-dose) glucocorticeids on BMD seemed
t0 be minor in our patients. It remains to be deter-
mined whether the early substituticn with vitamin D
and calcium in our patients has had a beneficial effect.
Finally, our data provide evidence fer a lower serum
calcium in the late-stage group. This phenomenon has
to be studied in more detail, especially with regard to
parathyroid function.
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CHAPTER 9

BONE LOSS IN PATIENTS WITH LOW MAINTENANCE GLUCOCORTICOID
TREATMENT FOR CHRONIC OBSTRUCTIVE LUNG DISEASE. IS TREATMENT WITH
1a-HYDROXYVITAMIN D, INDICATED?

Part of this chapter has been published in Osteoporosis 1897, Christiansen C, Johansen JS, Riis BJ
(eds.) Osteopress 1987, Kobenhaven, pp 1033-1036.
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9.1 Introduction

Chronic administration of glucocorticoids may induce bone loss and ultimately
osteoporosis®. Despite the extensive use of glucocorticoids and oceurrence of glucecorticoid-induced
osteoporosis, little is known about the possible means 10 prevent this syndrome. Histological studies
show decreased bone formation and increased bone resorption. This latter condition is probably due
to an elevated parathyroid hormone (PTH) secretion® ®'* or activity®. The first may be secondary to
a2 low calcium absorption® and increased renal loss of calcium’. The mnegative effect of
glucocorticoids on imtestinal calcium absorption cam be counteracted to some extend by activated
vitamin D®-%3° It is, therefore, of clinical interest whether active vitamin D derivatives can
decrease glucocorticoid induced bone loss. In a previous study we showed a positive effect of six
months treatment with 2 ug le~hydroxyvitamin Dj per day (le-(OH)D,) on the calcium absorption
and on trabecular bone volume in bone biopsies taken from patients treated with glucocorticoids®®.
In the present study the long-term effect of a lower dose le-(OH)D,; (1 ug/day) on the mineral
bone mass was evaluated by photon absorptiometry of the lumbar spine and radius.

$.2 Patients and methods

After informed consent was obtained 30 asthmatic patients (26 males and 4 premenopausal
females), who had received for more than 6 months and still received at least 7.5 mg prednisone per
day entered the study and were followed during 2 years. The patients were matched according to
age, sex, dose and duration of predaisone treatment. After marching, the patients were randomly
divided and received either a placebo or a daily dose of 1 ug le-

(OH)D, (double blind). Before treatment the average peripheral and axial bone mineral mass proved
to be the same in both groups. Patients characteristics are given in Table L

During the study period the prednisone dose was reduced in most patients, largely due to
the increasing use of inhalation corticosteroids. This reduction resulted in a mean daily prednisone
dose of 8.7 mg per day (range 5-15 mg per day).

Peripheral bone measurements were performed by single photon absorptiometry (SPA) at
the right forearm using a Norland-Cameron bone density scanner, The radius at one third of the
length from the distal end was transversely scanned. The results are expressed as Bone Mineral
Content (BMC in U/em)'l. Axial bone mass was assessed by dual photon absorptiometry (Novo
BMC-lab 22a) at the lumbar spine (DPA ) with L,-L, as the region of interast'®. The results are
expressed in g Ha per region of interest. In our laboratory the coefficients of variation of SPA and
DPA are 1 and 2.3%, respectively (the Jatter in osteoporotic patients).
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Table I

Pre-treatment patient characteristics and prednisone dose during

treatment.

Placebo la(CH)D,
2Age (years) 40x2.4 402.3
Height (cm) 175%1.7 173*2.5
Weight (kg) 78k2.7 76+3.6
Cumulative dose before
study in g prednisone 10.5%+2.0 9.5%1.6
Mean daily dose mg 8.7t2.8 8.742.3
Range in mg 5-15 5-12.5
BMC, .. (U/cm) 786+18 772%21
BMC,... (gHa/L.,-L,) 34.64%2.1 33.39%2.3

The data are expressed as means * SD. There were no significant
differences between the two groups. Mean daily dose and range
expressed in mg prednisone per day during the study period.

2.6 SERUM CALCIUM
-
o] 254
£
: :
2.4
2.34
2.2
5 o 1e~(OH)D3
-1 @ placebo
2 -~ L L T T T
0 3 g8 12 18 24

Months of treatment

Fig. 1 Mean serun calcium values + SD. The arrow indicates the
value 3 months after discontuation of treatment.
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Fig. 2 Mean serun creatinine values * SD. The arrow indicates the

value 3 months after discontuation of treatment.

Table IT

Results of bone mineral mass assessments and the maen daily dose
of prednisone of both groups after treatment period.

Placebo la{OHID, P

BMC,aasa (U/Cm) 783121 775%23 NS

(~0.004%) (+0.004%)

BMC,.in.  (GHR/L,-L,} 33.68+2.4
(~2.6%)

32.49+2.4 NS
(-2.7%)

Mean values * SD. Between paracenteses the percentile differences
with the pretreatment walues. None of the parameters showed a
significant difference between the two groups.
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Every three months serum calcium, c¢reatinine, phosphate, albumin, alkaline phosphatase
and 24 h urinary calcium and creatinine were determined. 24 H-urinary hydroxyproline was
measured according to Goverde et al.™®

Statistical amalysis was done using the Wilcoxon matched-pairs signed-rank test, p< 0.05
being regarded as significant.

Results of the bone measurements were analyzed by linear regression. For each pair the
difference of the slopes was tested by the Wilcoxon matched-pairs signed-rank test.

9.3 Results

The results of the biocchemical determinants are calculated as the means for both groups
and the results of the serum calcium and creatinine measurements are depicted in the figures 1-2.
At zero time the pre-treatment resuits are given, while the last measurements were performed after
the treatment was stopped for three months (indicated by an arrow). The other serum assessments
showed no differences between the groups before, during or after treatment (data not shown). The
24-h urinary excretion of calcium and creatinine are presented as the ratio calcium/creatinine in
figure 3.

Because the subjects were paired (placebo versus active treatment) the results of the bone
mineral assessments are expressed as the difference between the regression coefficients of the pairs
of patients (figures 4-5), The results of the axial measurements showed for 7 pairs a higher loss of
bone minerzl in the 1e-{OH)D, treated patients, while in the other 7 pairs the la-{CH)D, treated
patients had lower bone loss or more bone gain than the placebo treated patients. These results
differ not significantly. For the peripheral measurements the results were slightly better for the la-
(OH)D, treated patients. 4 Pairs showed more loss or Jess gain in bone mineral in the Ia-(CH)D,
treated patients. The other 10 pairs showed less bone Ioss or more bone gain for the Ie-(OH)D,
treated patients. Also these differences were not statistically different.

Table II gives the overall results of the mean bone mineral assessments for both groups
after treatment, There was only a very moderate bone loss of 1.3-1.4% per year for the axial
measurements im both groups, while the peripheral measurements showed no bone loss or bone gain
during the study period.
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9.4 Discussion

The results presented in this paper do not show a beneficial effect of treatment with 1 xg
la-(CH)D, daily on both peripheral and axial bone mass in patients on maintenance therapy with
glucocorticoids. However, it is Important to emphasize that the bone loss was moderate. In the
lumbar spine, only bone mass measurements showed a loss of 1,3-1,4% per vear, while no loss was
found in the appendicular skeleton. In other words it seems reasonable to suggest that @ treatment a
maintenance dose of prednisone of approximately 8.5 mg daily as used in our patients, do not
induce an important loss of bone mass in the axial and appendicular skeleton. Recently we observed
a similar phenomenon in patients with primary biliary cirrhosis kept on a Iow maintenance dose of
prednisone’*. Sambrook et aill® also reported that low dose glucocorticoids do not significantly
diminish bone mineral content in patients with rheumatoid arthritis, while in 2 longitudinal study
Ruegsegger et al'® only observed appendicular bone loss with the use of an average daily dose of IS
mg prednisone and over. In retrospect, taking these considerations into account, it is questionable
whether one could expect 2 beneficial effect of treatment with le-(OH)D, in the patients included
in this study. Of course this does not imply there is no favourable effect of active vitamin D in
patients on higher maintenance doses of glucocorticoids. The results of the study of Braun et al*®
point in this direction.

During the 2 years follow up there were no periods of hypercalcemia mor indications for
the induction of a decrease of renal function. Therefore, a daily dose of 1 microgram le-(OH)D,
given for 2 years in these glucocorticoid treated patients seems to be save with regard to the
occurrence of hypercalcemia and with regard to the renal function. As could be expected the
average 24 hours urinary calcium/creatinine ratio in the le-(OH)D, treated patients exceeded the
values in the placebo treated group, indicating the compliance of the patients. Only at three months
the difference was significant. An interesting phenomenon is the gradual decline in the 24 hours
urinary caicium/creztinine ratio, which might suggests that during treatment with la-(OH)D; some
kind of adaptation of calcium homeostasis may occur. One may even speculate if adaptation of the
dosage of le-(CH)D, during this study was warranted. Another explanation for the decline in
calcium/creatinine ratio, might be a lower calcium intake by the patients on active treatment during
the study period. In other longitudinal studies with vitamin D derivatives no such decline has been
observed or reported®” &

We conclude that this dose of la-{OH)D; used appears not to have a prominent role in the

prevention of glucocorticoid-induced mineral bone loss, when the daily maintenance dose of
prednisone does not exceed 7.5 mg per day. This does mot imply that a higher dose of le-(OH)D,
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(e.g. 2 ug/day) is not beneficial in patients using higher doses of prednisone'®, However, these last
results were obtained during a shorter period of treatment. It is important that maintenance
treatment with prednisone in an average daily dose of between 7.5 and 10 mg may be of only
limited harm to the bone (mineral) mass.

136



REFERENCES

1. Hahn TJ. Corticeoid-induced osteopenia. Arch Intern Med
1978:;138:882-885

2. Meunier PJ, Demster DW, Edouard C, Chapuy MC, Arlet M, Charhon
S. Bone histomorphometry in corticestercoid-induced osteoporosis
and Cushing‘s syndrome. Adv Exp Med Biol 1984;171:191-200.

3. Hahn TJ, Halstad LR, Teitelbaum SL, Hahn BH. Altered mnineral
metabolism in glucocorticoid-induced osteopenia. J Clin Invest
1879;64:655-665

4. Suzuki ¥, Ichikawa Y, Saito E, Homma M. Importance of increased
urinary calecium excreticn in the development of secondary
hyperparathyroidism of patients wunder glucocorticoid therapy.
Metabolism 1983;32:151~156.

5. Klein RG, Arnaud SB, Gallagher JC, Deluca HF, Riggs BL.
Intestinal calcium absorption in exogenous hypercortisolism. J
Clin Invest 1977;60:253-259.

6. Lindgren JU, Johnell ¢, Deluca HF. Studies of bone tissue in
rats treated by prednisclone and 1,25-(0H).D,. Clin Orthop Related
Research 1983:;181:264-268.

7. Reid IR, Ibkertson HK. Evidence for decreased tubular reabsorp~
tion of calcium in glucocorticoid-treated asthmatics. Hormone Res
1987 :27:200-204.

8. Braun JJ, Birkenhdger JC, De Jonge HR. cCalcium and glucose
uptake in rat small intestinal brush-border membrane wvesicles.
Modulation by exocgenous hypercortisclism and 1,25-dihydroxyvitamin
D;. Biochem Biophs Acta 1984:774:81-90.

9. Braun JJ. Glucocorticoids, vitamin D and bone. a
pathophysioclegic and therapeutic study of glucocorticeid-induced
bone disease. Thesis, Erasmus University Rotterdam.

10. Braun JJ, Birkenhdger—~Frenkel DE, Rietveld A, Juttmann JR,
Visser TJ, Birkenhiger JC. Influence of la-(0H) D; administration
on bone and mineral metabolism in patients on chronic
glucocorticoid treatment; a double blind controlled study. Clin
Endocrinol 1983;19:265-273.

11. Nilas L, Borg J, Gotfredsen A, Christiansen C 1985 Conmparison
of zingle- and dual-photon absorptiometry in postmencpausal bone
mineral loss. J Nucl Med 26:1257-1262.

137



12. Xrolner B, Nielsen P. Measurement of bone mineral content
(BMC) of the lumbar spine I. Theory and application of a new two-—
dimensional dual-photon attenuation method. Scan J Clin Lab Invest
1980:;40:653~663.

13. Goverde BC, Veenkamp FNJ. Routine assay of <%total urinary
hydroxyproline based on resin catalysed analysis. Clin Chem Acta
18737;41:29~40.

14. Berkum van FNR, Beukers R, Birkenhager JC, Kooy PPM, Schalm
SW, Pols HAP. Bone mass in women with primary biliary cirrhosis:
The relation with histological stage and use of glucocorticeids.
Gastroenterclogy 1990;992:1134-1139.

15. Sambrook PN, Eisman JA, Yeates MG, Pocok NA, Eberl S, Champion
GD. Ostecpeorosis in rheumateoid arthritis: safety of low dose
corticoids. Ann Rheum Dis 1586;45:950-953.

16. Ruegsegger P, Medici TC, Anliker M. Corticoidsteroid-induced
bone loss. A longitudinal study of alternate day therapy in
patients with bronchial asthma using quantitative computed
tomography. Bur J Clin Pharmacol 1983;25:615~620.

17. Bijlsma JW, Raymakers JA, Mosch €, Duursma S. Effect of oral
calcium and vitamin D on glucocorticoid-induced osteopenia. ¢lin
Exp Rheumatol 1988;6:113-119.

lg. Dykman TR, Haralsen XM, Gluck 0S. Effect of oral 1,25-
dihydroxyvitamin v} and calcium on glucocorticoid-induced
osteopenia in patients with rheumatic diseases. Arthritis Rheum
1984:;27:1336-1343.

138



CHAPTER 10

PREDICTION OF FUTURE FRACTURES AND SCREENING FOR OSTEQPOROSIS

13¢






10.1 Introduction

The increasing availability of effective preventive strategies for osteoporosis have raised
the issue whether women should routinely have some kind of assessment in order to identify those
at risk for osteoporotic fractures. There exists a reluctance on the part of physicians and the general
public to implement a prophylactic program (e.g. calcium supplements, estrogen replacement
therapy) on 2 widespread basis without making some attempt to idemtify those subjects who are at
greatest risk for osteoporotic fractures and thereby will benefit most from treatment, There are
several methods to assess putative risk factors, but the most appropriate experimental design is a
prospective study in which the risk factors are identified and subsequently related to the occurrence
of osteoporotic fractures. Or better: the end-point should include some kind of estimation of quality
of life (as related to the incidence of fractures). One of the models to assess risk factors is the
logistic regression analysis. With this procedure it is possible to investigate independently the
influence of various variables like life-style, dietary factors, biochemical parameters and bone
mineral mass assessments. Adjustments for potential confounders can be made {(e.g. age). By
comparing cases t0 controls one cam calculate the fracture risk for each variable measured. This is
mostly done by the method of the odds ratio (OR), which represents the odds (probability) of a
fractare at one level of exposure {e.z. one SD below the mean) divided by the odds at another
exposure level (¢.g. one SD above the mean). This implies that an OR of 1.0 indicates that there is
no correlation of 2 variable with the outcome (i.¢. the occurrence of fractures), while an OR of 5.0
for 2 difference in BMC of 2 SD indicates that there is 2 fivefold increase in risk for fractures.

The first studies dealing with fracture risks were cross-sectional, case-controlled and/or of
a too limited size to investigate risk factors independently. During the last five years however,
several prospective studies have been published. In this chapter a survey is made of the usefulnass
of markers or determinants with regard to the prediction of osteoporotic fractures in the individual,
Furthermore, several aspects of screening for osteoporosis will be discussed and recommendations
will be put forward with regard to possible future screening programs.
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10.2 Prediction of osteoporotic fractures.

Factors influencing and determining bone mineral mass and bone sirength are discussed in
section 3.7. Naturally, these variables are taken into account in putative risk profiles. We can divide
those variables into 5 groups:

1) Clinical history.

2} Anthropometric measurements.

3) Biochemical measurements.

4) Bone mineral mineral mass or density assessments.
5) Prevalence of osteoporotic fractures.

These five groups are discussed in further detail in the next paragraphs. Because clinical history and
anthropometric data are mostly studied in combination they will not be discussed separately.

10.2.1 Clinical history and anthropometric data

A screening test should be simple, reasonably inexpensive, safe and acceptable to the
general public. This is all true for the clinical history and the measurements of height and weight.
But most important, 2 test for screening must have adequate predictive value, in other words predict
future fractures. This has been investigated for the clinical history by several authors. Kleerekoper
et al showed, in a retrospective study of 663 postmenopausal women, that in comparison with
women without fractures, osteoporotic women reported a higher prevalence of a positive family
history of osteoporosis and-had fewer children, but no differences were observed with regard to
cigarette smoking, alcohol consumption, exercise habits, menstrual or menopausal history, dietary
intake of milk or caicium®. They concluded that an assessment of the risk of osteoporosis cannot be
based with sufficient sensitivity on the risk factors studied. This was confirmed by van Hemert et
al? in a prospective study of 742 women with one follow-up assessment after 9-vears. They studied
12 historical, anthropometric and radiological risk factors and none were found to be strong
indicators of future fractures. Even for the upper risk score quintile (the risk score being composed
of up to 5 selected variables) turned out to have a low sensitivity {0.48) and specificity (0.84) as to
the prediction of osteoporotic fractures.

In the studies mentioned above, the possible risk factors studied are related to the
prevalence or incidence of fractures. An other approach to investigate risk profiles is based on the
association of various putative risk factors {independent or combined) with bone mineral mass,
under the assumption that bone mineral mass is strongly negatively correlated with the development
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of osteoporotic fractures. In a group of 286 normal perimenopausal women it has cross-sectionally
been investigated whether clinically available datz (body mass index, reproductive history,
menopausal status, calcium intake, physical activity and smoking) could provide an adequate risk
profile for low bone mineral mass®. No reliable predictions for spinal bone mass could be made.
Additicnal information of the same type has been obtained by others® 5.

The value of anthropometrics (weight, height, skinfold, calfcircumference and biacromal
width) as determinants of bone mass has also been studied®, The results suggest that frame size,
muscularity and adiposity have independent positive effects on bone mineral rpass, but the
associations were too weak to predict bene mass for individuals. Several investigators have addressed
smoking as a risk factor for low bone mineral mass: some found no correlations’ ®, others reported a
negative effect of smoking on bone mineral mass in elderly men and women®, or a negative effect
on endogenous estrogen levels and thereby on bome mass'®, Physical exercise 25 a determinant of
bone mass has been studied extensively!® 12 13 1% 15 Alhough bome mineral mass is undoubtly
correlated to physical exercise, future fractures cannot be predicted by (the lack of) physical
exercise.

Unfortunally, one has to conclude that on the basis of clinical history and anthropometric
data no sufficiently sensitive and specific risk factor status to select women for fracture prevention
programs can be determined.

10.2.2 Biochemical measurements

There are several biochemical markers of bone turnover. Both osteoblasts and osteoclasts
produce bone specific proteins which can be measured in the blood. These cells are also responsible
for neosynthesized constituents or fragments of Done matrix which escape into the circulation.
These substances can be measured in blood or urine. Markers of bone formation or osteoblastic
activity are: alkaline phosphatase, serum osteoczlcin (also called bone gla-protein) and the serum
level of type I collagen propeptides. Markers of bone resorption include urinary hydroxyproline,
plasma tartrate-resistant acid phosphatase, serum free gamma carboxyglutamic acid and urinary
desoxypyridinoline, These biochemical markers are used in studies of metabolic bone diseases and
proved to be useful in the follow-up of patients and in monitoring the effect of treatrent. It has
been suggested by the group of Christiansen that postmenopausal osteoporosis is correlated to
several of these biochemical markers?®,

It is possible that the rate of bone loss in women with 2 low peak bone mineral mass is
much lower than that in wormen with a high peak bone (mineral) mass. In this connection, it is of
importance to quantify the rate of bone loss by multiple bone mineral measurements over a certain
period of time. Based on densitometric results obtained at the forearm "slow and fast-losers™ have
been discerned by Christiansen et al*’. They found that with the results of biochemical
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measurements “slow and fast-losers” could be identified in approximately 80% of the cases. In
another study the same group presented data about prediction of postmenopausal bome loss by
measurements of four parameters; serum alkaline phosphatase, osteocalcin, fasting wrinary calcium
and hydroxyproliee™®. At present these findings are not confirmed by others®. Moreover, the rate of
bone loss differs between the peripheral and axial measurements sites™® 2° 2L, Therefore, it is
possible that a subject can be a "fast loser” at one skeletal site, while being a "slow loser” at another.
Furthermore, Hui et al. demonstrated that, because of biological variability in long-term rates of
bone loss, it was difficult or even impossible to identify long-term "fast losers™2,

At present, no reliable distinction between individuals with high or low bone (mineral)
mass can be made by measuring biechemical markers of bone turnover.

16.2.3 Booe mineral mass or density measurements

Because there exists a strong positive correlation between BMD and bone strength®® 2%, one
would expect that the results of bone mineral mass or density measurements strongly predict boae
fractures. In this paragraph an overview will be given how the relationship between bone mass data
and future fractures have been explored.

As Is described in paragraph 3.6 it appeared t0 be impossible, in the individual, to predict
BMD of the lumbar vertebrae or the hip from information obtained at other skeletal sites.
Consequently, the next step was to study whether one could predict (already existing) osteoporosis
{fractures) on the basis of densitometric measurements at the various fracture regions™ 2¢ %7 (see
also Chapter 6). Cross-sectional studies have reported a positive correlation berween low BMC and
osteoporotic fractures®® 25, Although the differences were small, vertebral BMD was more reduced
than forearm BMD in the case of vertebral fractures and forearm BMD was more reduced than
spinzl BMD in peripheral fracture cases®®. On a group basis the results were encouraging, but for
the individual the results of these investigations were disappointing: no reliable information was
obtained by peripheral and/or axjial measurements on the degree of spinal ostecpemia or the
presence of fractures. However, the usefulness of a risk factor (in this case bone mineral mass or
density} is not so much determined by how well it can diagnose existing disease (fractures), but
rather how well it can predict future fractures. This cannot be demonstrated with a cross-sectional
study design and several longitudinal studies addressing this issues have been published and will be
discussed later on.

It seems reasonable to assume that a middle-aged woman or man with 2 low bone mineral
mass, will bear a greater risk of susraining osteoporotic fractures than a woman or man of the same
age with a high-normal bone mineral mass. The best way to test this assumption is 10 momitor

144



(without selection) a cohort of women (or men) for a reasonably long period of time, perform at the
outset of the study non-invasive measurements of bone mass at peripheral and/or axial sites in the
skeleton and subsequently diagnose and quantify all fracture events. Using the distal and proximal
forearm site for bone mineral density measurements it was found that in subjects aged 50-69 years
the risk of a fracture (spinal or other) was over 10-16 years 3 t0 6 times higher in the lowest BMC
decile than in the highest decile®!,

In another prospective study it was shown that even & measurement site in the skeleton
which is not prone to osteoporotic fractures (the calcaneus) can predict osteoporotic fractures
elsewhere in the skeleton’®. In this latter study a sevenfold greater probability of spinal fracture was
observed in women at or below -1 8D from the mean at that age for calcansus BMC than in women
at or above +1 SD. Another prospective study using forearm densitometry demonstrated an increase
of the fracture risk ratio of nonspinal fractures of 2.2 for each SD below the mean®,

An interesting review has been published by Ross et al°*. They analyzed 27 cross-sectional
and 7 longitudinal studies on bone mass and fracture risk, The data were, if possible, recalculated to
evaluate the relationship between bone mass and fractures by a logistic regression procedure.
Finally, the authors selected 4 prospective studies in which valid data have been provided to
calculate the risk of fractures expressed as the odds ratio. The odds ratio {(OR) for a 2 SD difference
in BMC (for 1 decade) appeared to be 2-4 for nonspinal fractures, and 4-8 for spinal fractures,
varying somewhat as to the site of mezsurement. Most of these longitudinal studies lasted for an
average of up to 10 years and the measurement devices have been highly improved during that
period, e.g. it became possible to measure selectively cortical or cancellous bone amd at sites prone
to fractures. It may be expected that by using these newer techniques and methods a better fracture
prediction may be possible.

Based on these data, it seems reasonable to advise that if there is already 2 low bone mine-
ral mass {e.g. ! SD below normal) and a suspicion of a high rate of bone loss (e.g. because of
immobilization, the use of glucocorticeids etc.} prophylactic (therapentic) measures should be star-
ted.

13¢.2.4 Prevalence of osteoporotic fractures.

Non-traumatic wrist, hip and vertebral fractures are c¢alled osteoporotic and having such 2
fracture will label a subject (by definition) as osteoporotic (specific processes like rumour metastasis
being excluded). Hence, it is not surprising that such an individual is prone to future fractures. In
one study it was shown that the prevalence of one of these osteoporotic fractures was 2 strong
predictor of future osteoporotic fractures®®, This observation, of course, can not be used for
screening purposes but it underlines the necessity of therapy aimed at improvement of bone mass
and quality in order to prevent future fractures,
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10.2.5 Coaclusion

Current evidence suggests that bone mineral mass measurement is the most reliable method
to predict future fractures, while several studies have shown that no item from an individual
subject’s history, physical examination or biochemical assessment is sensitive enough to predict
fractures.

10.3. Screening {or ostecporosis.
10.3.1 Introduction

The purpose of screening is to select individuals with low bone mass and, subsequently, to
treat them in order to prevent future osteoporotic fractures. This chain of events raises the
following questions: Which bone mineral mass or density measurements 15 suitable for screening the
general population? Is treatment effective, and acceptable to most individuals? Is screening and the
subsequent treatment cost-effective?

10.3.2 Which bone mass measurement device is suitable for screening?

Photon absorptiometry and (conditionally) DEXA have a good accuracy and precision and
thus are adequate to select women with a low bone mineral mass (see Table l., chapter 2). Single
energy QCT has a lower accuracy than absorptiometry and because of the higher radiation exposure
and the higher costs, QCT appears not to be suitable for general screening purposes. Photon
absorptiometry and DEXA - are relatively easy to perform, have low costs and z low radiation
exposure. One single measurement at a peripheral or axial skeletal site (for imstance performed
perimenopausally) can predict future fractures at other sites. Especially with axial measurements
(for example DEXA as a successor to DPA) better results as to predictability of osteoporotic
fractures may be expected. Although different OR’s are reported for the various measurement sites
and ostecporotic fractures, at present no single measurement site appeared to be significantly better
than the others in predicting future fractures®®. SPA and (probably) DEXA are the methods of
choice for screenming. Based on present data no definitive choice can be made between SPA and
DEXA, although it might be expected that, because of its better precision and lower radiation dose
(as compared 1o DPA) DEXA will be the best candidate for screening the general population.
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10.3.3 Treatment and the fracture risk

Many case control studies have indicated the protective role of the postmenopausal use of
estrogen®’ 3% 3% *°  Controlled prospective studies, that have shown the same, have mainly been
carried out in normal postmenopausal women®? “Z 3 In a cohort study a distinct reduction of the
incidence of vertebral fractures in postmenopausal osteoporosis have been observed**. However, no
long-term large scale prospective controlled studies have been published in which peri-or
postmenopausal women with low bone mass (selected by screening from the general population) or
with postmenopausal osteoporosis are treated with hormonal replacement therapy (HRT) and
monitored for side effects and fracture incidence. It seems quite logical to start HRT directly after
the menses cease, because most of the total bone loss occurs in the early postmenopausal years*®, No
data exist about the optimal duration of this therapy. Even in elderly postmenopausal women {up to
the age of 74 years) estrogens may be protective*’. When estrogens were stopped after the age of 63
years bone was (at the forearm) lost more rapidly than women of similar age who had never taken
estrogens™. In other words the early postmencpausal bone loss appeared to have been postponed.
Based on the prevention of bone loss ome can recommend g life long duration for estrogen or
hormonal replacement therapy, started as soon as possible after menopause. However, the optimal
duration of HRT is not determined by its effects on bone alone. The long-term use of estrogen must
also be considered in the light of a possible reduction of the risk of atherosclerotic cardiovascular
disease®® and the possible increased risk of breast cancer®” “®. The combined use of estrogen and
progestagen in women with an uterns will not lead to an increased risk of endometrial cancer®®, It is
more likely that other aspects (side effects and the outcome of cost-bemefit analyses) will be of
importance in determining the optimal duration of this kind of therapy. Until these data become
available, it seems to be reasonable to use this preventive treatment at least for 10 years™.

In established osteoporosis several other therapeutics have been investigated and have been
shown to reduce fracture incidence (bisphosphonatess? 52 and vitamin D derivatives®®). Although
(long-term) fluoride therapy in the usual therapeutic doses will increase axial bone mineral mass
55, the effect on fracture incidence is disappointing™. It has been demonstrated that intranasal
calcitonin can counteract early postmenopausal bone loss™, but there is no information on the
prevention of fractures by calcitonin. The effectiveness and safety of these therapeutics are not as
well documented as the effectiveness of estrogens. Therefore, these therapies cannot as yet be
recommended for preventive treatment in normal women who are selected by screeming as to low
bone mass.
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10.3.4 Is therapy safe and will worzen accept preventive treatmemt?

This is a difficult issue. Estrogen therapy has beneficial effects on bone mass and (if not
combined with a progestagen) also on atherosclerotic cardiovascular disease®® 7. To protect the
endometrium against the induction of hyperplasia and carcinoma HRT has to consist of a
combination of (continuous) estrogen and ¢yclical progestagen. When the uterus is still present HRT
will inevitably result in vaginal bleeding. This is a major drawback of this kind of hormonal
treatment and will result a high percentage of subjects ceasing to take it. There exists controversy
about the increased risk of breast cancer from HRT. The answer to the question whether estrogens
or HRT increase the risk of breast cancer has been difficult to obtain. Large epidemiological studies
suggest that estrogens enhance the risk for breast cancer™. In a recent study, already after six years
of follow-up an increased risk of breast cancer with the postmenopausal use of oestradiol was
demonstrated>®, In contrast, from other studies a reduction of the risk of breast cancer by HRT®® &2
has been reported. Recently, it has been shown by combining the results from multiple studies that
menopausal therapy consisting of 0.625 mg/d or less of conjugated estrogens does not increase
breast cancer risk®2.

Although the relation between HRT and the increased risk of breast cancer is delicate, there is no
conclusive evidence that the relative risk of breast cancer outweighs the benefits of HRT in
postmenopausal women.

Acceptance of a preventive treatment with regard to osteoporosis might be better if a
woman is well informed on the fracture risk she bears. This might be achieved by 2 bone mass
measurement. The knowledge of a low bone mass and consequently a higher fracture risk for an
individual may outweigh the negative aspects of HRT.

10.3.5 Screening, treatment and cost-effectiveness

This is of interest only if the answers to the other questions are favourable. Indeed,
screening is possible and at least one effective preventive treatment (estrogens) is available for
women with low bone mass. However, it is not known how well this therapy will be accepted in the
general population.

Ross et al, ¢calculated a reduction of osteoporotic fractures by 33% if the women with the lowest
47% of bone mass were selectively treated with an agent that is assumed to slow the rate of loss of
bone by 50%°%. In an early study (without bone mass measurements) it was concluded that the cost
for each quality-adjusted vyear of life gained was comparable to the benefits of treating
hypertension®. Tosteson and colleagues®, have calculated that performing a single measurement of
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bone density of the hip in perimenopausal women who did not have a hysterectomy, and prescribing
a combination of estrogen and progestagen to those whose bone density is low, would -depending
on BMD cut-off points at 0.9 or 1.0 g/cm?- cost $12000 to $22000 per quality adjusted vear of life
saved by prevention of deaths from hip fracture.

All these estimates are aimed at estrogen use and osteoporosis, but in postmenopausal
women there are aiso beneficial effects of estrogen if not combined with progestagen on
atherosclerotic cardiovascular disease. These positive effects are much more important with respect
to years of life gained and may outweigh the possible megative aspects of this preventive strategy.
For these reasons it is mandatory to evaluate all the positive and negative effects of estrogens in the
chain of screening and subsequent treatment in the case of low bone mass. The overall financial
impact of starting HRT based on perimenopausal bone mineral mass measurements remains an issue
not yet settled.

10.4 Final conclusions

The various determinants of bone mineral mass and putative risk factors for osteoporotic
fractures are of no predictive value. Only the results of bone mass measurement can predict future
fractures to some extent, and of the various measurements available only SPA and DEXA are
suitable for screening the general population. Generally, early postmenopausal women (for screening
purposes simplified to: women at the age of 50) will start to lose bone at a considerably higher rate
than premenopausal women do. These women will therefore benefit most of bone sparing
preventive interventioms. For this reason screening would probably be best performed around this
age. However, no consensus has yet been reached on specific screening programs in the generzl
population®®, Only a well designed screening program and treatment protocol will give information
about the effectiveness of fracture prevention and improvement of the quality of life.
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Summary

It has now became possible to measure the bone mineral content in the axizl as well as the
peripheral skeleton. Moreover, with the use of computed tomography a selective assessment can be
made of canceflous (trabecular) versus cortical bone mineral density. These technical achievements
have led to a better understanding of the pathophysiology of osteoporosis and provided information
on the effects of therapeutic interventions. Despite these sophisticated methods for bone mineral
assessment the diagnosis of osteoporosis remains based on the occurrence of non-traumatic fractures
and for that purpose an ordinary X-ray will be sufficient.

For investigational use several non-invasive methods for measuring bone mineral mass have
been developed, although only photonabsorptiometry {Single and Dual energy: SPA and DPA,
respectively) and Quanrtitative Computed Tomography (QCT) are operational in large scale clinical
practice. The advantages of photonabsorptiometry and the more recently developed Dual Energy X-
ray Absorptiometry (DEXA) over QCT are the lower radiation exposure, lower costs, better
accuracy and precision and easier operation. The great advantage of QCT is the unique possibility to
measure cancellous and cortical bone separately.

With these non-invasive methods of bone mineral assessment is has been shown that
wornen will lose during their lifes about 35 percent of their cortical and about 50 percent of their
cancellous bone. We studied this pattern of age-related bone loss cross-sectionally in 171 heaithy
Duich women and observed an accelerated bone loss around the menopause at all measurement sites
(see Chapter 5). Further analyses showed that the onset of cortical bone loss a5 measured by SPA
occurs on the average at ieast a decade later than the onset of cancelious bone loss which already
manifests iself before the menopause. This pattern of cancellous and cortical bone loss during aging
shows a parrallelism with the observed patterns of incidence of age-related fractures. The incidence
of Colles fractures in women rises soon after the menopause and a plateau is reached around the age
of 65. This type of fracture (dista} forearm) occurs at a site containing a relatively high proportion
of cancellous bone. On the other hand, the incidence of hip fractures increases slowly with age,
which rise accelerates late in life in both men and women. This type of fracture characteristically is
one of cortical bone. Somewhere between these two types of fractures the vertebral compression
fractures take position. They occur soon after the menopause and the incidence apppears to rise
over the two decades after menopauvse. The vertebral body contains about equal amounss of cancel-
lous and cortical bone.

An important issue about the relationship between bone mineral mass and fractures is the
"guality versus guantity” concept. The importance of this concept is already demonstrated by the
fact that individuals with z bone mineral mass or density within the normal range may have typical
osteoporotic fractures, while on the contrary individuals with a low bone mineral mass may sustain
no fracture at zll. These observations (among other evidence) have led to the hypothesis of a three-
dimensional fracture space with bone mineral mass, loss of bone ¢onnectivity and fatigue damage as
important determinants of fracture (Chapter 3).

The treatment (or secundary prevention) of osteoporosis is reviewed in Chapter 4.
Treatment is based on modulation of one of two aspects of bone remodelling: increasing bone
formation and decreasing bone resorption. In practice there are at the moment only two therapeutics
available which may increase bone formation: fluoride and possibly anabolic steroids.

The role of calcitonin and bisphosphonates as inhibitors of bone resorption in the treatment
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of osteoporosis has to be investigated further, but these agents appear to be useful tools in future
treatment regimes.

For both normal or osteoporotic postmenopausal women oestrogens are beneficial in
maintaining bone mass and in reducing fracture rate. Besides positive effects on bone, the long-
term use of oestrogen must also be considered in the light of 2 possible reduction in the risk of
cardiovascuiar disease and with regard to a possible increased risk of breast cancer. For women with
a uterus, the combined use of oestrogen and progestagen will not lead to am increassed risk for
endometrial cancer.

In Chapter 7, we report on the hormonal determinants of bone mineral density in elderly
postmenopausal women. A positive correlation between (endogenous) serum estrone and bone
mineral mass was observed, We found a significant negative correlation (by limear trend) between
the level of Sex Hormone Binding Gilobulin (SHBG) in the serum and bone mineral density.
However, correction for the difference in body mass index (BMI) led to the loss of differences in
BMD between all groups, It was concluded that in elderly postmenopausal women BMI is a main
determinant of bone mass.

Because of its complexity the pathophysiology of glucocorticosteroid induced bone loss is
not well understood, although it is assumed that stimulation of bone resorption has a prominant role
in the process. In Chapter 9, we report a longitudinal double-blind placebo controlled trial of the
effect of la-(OH) vitamin D, over two years on bone los in glucocorticoid treated patienis with
chronic obstructive lung disease, No beneficial effect could be observed, but it was concluded that
in the placebo-treated patients the average axial (lumbar vertebral) bone loss during treatment with
an average daily dose of 8.7 mg prednisone was only about 1.3% vyearly, while in the same group
over two years no loss of bone mineral was found at the forearm, In 2 cross-sectional study in
patients with Primary Biliary Cirrhosis (PBC) {Chapter 8) we found only a moderate and not sig-
nificant decrease in axial and peripheral bone mass in the patients who had used or were still using
glucocorticoids as compared to those who never kad been treated with glucocorticoids. These data
are comparable with the results obmained in our asthmatic patients and support the view that
relatively low doses of glucocorticoids (7.5-10 mg prednisone daily) on the long run have at most
only a moderately negative influence on bone mineral mass.

Another observation made in the patients with PBC is the pegative influence of the
histological stage of the Hver disease on bone minerzl mass. Furthermore the patients with the more
severe histological grades of PBC and the lowest bone mineral mass had also a significantly lower
serum calcium Jevel., The lower serum calcium was not accompanied by 2 higher serum
immunoreactive parathyroid hormone (iPTH), which suggests an impairment in the PTH production
or secretion in these patients.

One of the most interesting questions in the management of osteoporosis is: will it be
possible to predict future fractures? This issue is discussed in detail in Chapter 10, We could not
discriminate between a group of patients with postmenopausal osteoporosis and a group of healthy
postmenopausal women of the same calender and postmenopausal age with various types of perip-
heral and axial measurement of bone mineral mass or density (Chapter 6). These results appeared to
lead to the conclusion that it would be impossible to predict future fractures by bone mineral mass
or density measurcments., From 1986 onwards, however, several prospective studies have been
published which showed a relationship between a low imitial bone mineral density at a certain
skeleral site measured by photon absorptiometry and a high relative risk of osteoporotic fractures.
This relationship between low bone mineral mass and a subsequent high fracture incidence appears
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to be strong enough for screening purposes in the general population. Therefore, despite the low
correlation coefficients between the resulis obtained at the various measurement sites and despite
the considerable overlap between the results of measurements in normals and osteoporotics there is
evidence that the result of one single bone mineral mass measurement (preferably with SPA or
DEXA) may indeed predict to some extent future fracture risk.

It is concluded that mon-invasive bone minerz] measurements have been most helpful
elucidating the course of the natural occurring bone (mineral) loss during life. In controlled
investigations these measurement technigues made it possible to study bone mineral loss and gain
under various pathologic conditions and during therapeutic interventions.
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Samenvating

De laatste 20 jaar is het mogelijk om de minerale botmassa zowel in het perifere skelet als
in het axiale skelet op niet-invasieve wijze te meten. Met de komst van de "computed tomography”
is nu ook zeer selectief het trabeculaire en het corticale bot te meten. Deze nieuwe techmieken
hebben geleid tot een gedetailleerd inzicht in de pathofysiologie van osteoporose en in de resultaten
van diverse therapieén voor osteoporose. Echter, de diagnose osteoporose wordt nog steeds gesteld
door het aantonen van fracturen door middel van een gewone rdntgenfoto.

Voor wetenschappelijk onderzoek =zijn verscheidene niet-invasieve methoden om de
minerale botmassa te meten ontwikkeld, alleen fotonabsorptiometrie (Single en Dual energy: SPA en
DPA) en Quantitative Computed Tomography (QCT) worden gebruikt voor de dagelijkse
patiéntenzorg. Het voordeel van fotonabsorptiometrie (en de recent ontwikkelde methode Réntgen
absorptiometrie DEXA) boven QCT zijn de lagere radiatie dosis, de geringere kosten, de betere
nauwkeurigheld (accuracy) en reproduceerbaarheid (precision). Voorts is de meeumethode van QCT
ingewikkelder. Het grote voordeel van QCT is daarentegen, dat alleen deze techniek zowel
trabeculair als corticaal bot onafhankelijk van elkaar kan kwantificeren!

Met bovenstaande technieken is veel onderzoek gedaan naar het normale (fysiologische)
botverlies bij vrouwen. Zo is aangetoond dat vrouwen gedurende hun feven gemiddeld 35% corticaal
en 30% trabeculair bot verliezen. Wij bestudeerden in een transversaal onderzoek bij 171 gezonde
vroawen het verlies van bot op diverse plaatsen in het skelet (zie hoofdstuk 5), en vonden een
versneld botverlies rond de menopauze terwijl het verlies van corticaal bot een decade later optrad
dan het trabeculaire. Het trabeculaire botverlies lijkt reeds voor de menopauze te beginnen. Dit
patroon van botverlies vertoond interessante overeenkomsten met de Incidentie van de verschillende
osteoporotische fracturen. De incidentie van Colles-fracturen bij vrouwen stijgt direct na de
menopauze totdat een plateaw rond het 63ste jazr wordt bereikt. Deze fracturen van de onderarm
ontstaan op een plaats die relatief veel trabeculair bot bevat, Dit is in tegenstelling met de incidentie
van heupfracturen die geleidelijk aan toeneemt met het ouder worden en vooral sterk toeneemt na
het 70ste jaar. Dit type fractuur is typisch voor corticaal botverlies. Tussen deze twee typen
fracturen in bevinden zich de wervelfracturen (infracties of compressie-fracturen). Osteoporotische
wervelfracturen treden op vrij kort na de menopauze en blijven toenemen tot ongeveer 20 jaar na
de menopauze. Ook qua botsamenstelling nemen de wervellichamen een russen-positie in: gelijke
delen corticaal en trabeculair bot.

De relatie tussen de minerale botmassa en het opireden van fracturen wordt zowel door de
kwaliteit als kwantiteit van die minerale botmassa bepaald. Dit zogenaamde “quality versus quantity"
concept wordt geiliustreerd met de observatie dat patiénten met een normale minerale botmassa
typische osteoporotische fracturen kunnern hebben, terwijl mensen met een lage minerzle botmassa
in het geheel geen fracturen vertonen. Deze bevindingen en andere gegevens hebben geleid tot de
hypothese van de drie-dimensionale "fracture space”. De drie assen de het fracruur risico bepalen
zijn minerale botmassa, de onderlinge verbinding van de botbalkjes em -plaztjes { "bone
connectivity”) en materiaal moeheid ("fatigue damage”). In hoofdstuk 3 wordt deze hypothese
besproken.

De behandeling (of secundaire preventie) van osteoporose is gebaseerd op het beinvioeden
van twee aspecten van de botombouw; het verhogen van de botzanmaak en verminderen van de
botafbraak. De diverse therapieén worden besproken in hoofdstuk 4. Alleen van fluoride (en
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mogelijk ook van anabolica) i3 het bekend dat de botaanmaak gestimuleerd kan worden. Remmers
van de botresorptie zijn calcitonine en de bisfosfonaten, de rol van deze middelen in de behandeling
van osteoporose wordt momenteel uitvoerig onderzocht, de eerste resultaten zijn hoopvol.

Oestrogenen zijn zowel voor normale als osteoporotische postmenopauzzle vrouwen zinvol
om botverlies tegen te gaan; tevens is overtuigend aangetoond dat zij het fractuurrisisco verlagen.
Het langdurig gebruik van oestrogenen kent naast positieve effecten op de botmassa ook andere
werkingen: er zijn aanwijzingen dat het cardiovasculaire risico gunstig wordt beinvioed, daarentegen
wordt mogefijk een licht verhoogde incidentie van borstkanker waargenomen. Indien de oestrogeen-
therapie wordt gecombineerd met een progestativum is het risico op baarmoederkanker niet
verhoogd.

De relatie tussen de hormonale status en de minerale botmassa in oudere postmenopauzale
vrouwen werd door ons onderzocht in een transversaal uitgevoerd onderzoek (zie hoofdstuk 7). Een
positieve correlatie tussen endogeen oestron en botmassa werd aangetoond, terwijl het "Sex Hormone
Binding Globuline" (SHBG) een significante negatieve relatie vertoonde met de minerale botmassa.
Echter, wanneer er werd gecorrigeerd voor het lichaamsgewicht (in ons geval "body mass index”,
BMI) verdween het verschil in botmassa tussen de groepen, De conclusie was dan ook dat de BMI
voor oudere postmenopauzale vroewen een belangrijke determinant is van de minerale botmassa.

De pathofysiologie van glucocorticoid geinduceerde osteoporose is ingewikkeld en
onvoldoende begrepen. Algemeen wordt aangenomen dat een gestimuleerde botafbraak een
belangrijke rol speelt bij het ontstaan van deze vorm van osteoporose. In hoofdstuk 9 maken wij
melding vam een longitudinale studie, dubbel blind en placebo-gecontroleerd, naar het effect van
la-{OH) vitamine D, {gegeven in een periode van twee jaar) op de botmassa van met
glucocorticoiden behandelde astmapatiénten. Een positief effect kon niet worden vastgesteld. Dit
kan deels worden verklaard door het feit dat de gemiddelde prednison-dosis laag was (8.7 mg per
dag) en met een relatief gering gemiddelde botverlies (1.3% per jazr in het axiale skelet en
nauwelijks botverlies in de onderarm). In een andere studie-opzet werd het effect van
ghucocorticoiden bestudeerd in patiénten met primaire biliaire cirrhose (PBC) (hoofdstuk 8). In deze
groep patidnten vonden wij slechis een masige en niet significante daling van de minerale botmassa
ter plaatse van de lumbale wervelkolom en de onderarm in PBC patignten, die glucocorticoiden
gebruikten of hadden gebruikt, vergeleken met PBC patiénten, die nooit glucocorticoiden hadden
gebruikt. Deze resultaten steunen de de conclusie verkregen uit het onderzoek verricht bij onze
astma-patiénten dat relatief lage doses glucocorticoiden (7,5-10 mg prednison per dag) gedurende
Iangere tijd op zijn hoogst slechts een matig negatief effect hebben op de minerale botmassa.

Een andere observatie wit het PBC onderzoek betreft de negatieve relatie tussen het
histologische stadium van de lever ziekte en de minerale botmassa. Tevens bleek dat patiénten met
de histologisch meer ernstige stadia van PBC en met een lagere minerale botmassa ook een
significant lager calciumgehalte van het serum hadden. Het verlaagde serum calcium ging echter
niet gepaard met een hoger gehakte immuno-reactief parzthyroied hormoon (GPTH), hetgeen wijst
op een onvoldoende produktie of secretie van PTH bij deze patiénten.

De vraag of het mogelijk is om toekomstige fracturen te voorspellen heeft tor veel
onderzoek geleid. In hoofdstuk 10 wordt op de verschiflende aspecten hiervan dieper ingegaan, Wij
onderzochten met de meest gangbare niet-invasieve meettechnicken twee groepen vrouwen: één
groep postmenopauzale vrouwen met osteoporotische wervelinfracties en één groep gezonde
vrouwen vergelijkbaar wat betreft kalender- en postmenopauzale leeftijd. Het bleek, op basis van
botmassametingen, onmogelijk alle vrouwen in één van beide groepen te classificeren (hoofdstuk 6).
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Deze resultaten en de matige correlaties tussen de resultaten van de perifere en axizle metingen
hebben aanvankelijk tot de veronderstelling geleid dat het onmogelijk zou zijn met behulp van
botmassametingen toekomstige fracturen te voorspellen. Echter, vanaf 1986 tot heden zijn diverse
prospectieve onderzoekingen gerapporteerd waarin een Jage initiéle botmassameting gecorreleerd
bleek te zijn met een hogere incidentie van osteoporotische fractuur. Deze relatie blijkt zelfs sterk
genoeg te zijn om eventuele screening van de vrouwelijke bevolking serieus te overwegen.

De niet-invasieve botmassametingen zijn van grote waarde gebleken voor het onderzoek
naar en in kaart brengen van het natuurlijk verlopend botverlies gedurende het leven. Tevens is het
mogelijk met deze meettechnieken het verlies of de toename van bot{mineraal) nauwkeurig te
bestuderen tijdens ziekte of behandeling.
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APPENDIX

A COMPARISCON OF TWO METHODS
FOR CACULATING LUMBUR BONE MINERAL CONTENT

P.P.M. Kooij, F.N.R. van Berkum, T. Stijnen
E.P. Xrenning, J.C. Birkenhiger.

submitted for publication
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Abstract

Dual photon absorptiometry of the lumbar spine is widely used to determine bone mineral
content. A modified software program for calculating the bone mineral mass of the lumbar spine is
reported here. Comparing this program with the original one it appeared that the program gives a
two-fold reduction of the time needed for the analysis of the patient data. The program has z
similar interobserver variability with regard to the total bone mineral content, while the interobser-
ver variability of the bone mineral density is significantly improved. Furthermore, with the
modified program the repositioning of the baseline and side cursors in follow-up studies is easier

because of the reduced number of variables.

Introduction

Measurement of the lumbar spine by dual photon absorptiometry is used as a tool in the
detection and monitoring of patients with osteopenia or osteoporosis’. Nowadays, several dual
photon scanners are commercially available. Most scanners use a Gadolinium (Gd-153) source, but
they differ considerably in their algorithms for calculating bome mineral mass®, There exist
diversities in the edge-detection routines, the baseline calculation and positioning, calibration
procedures and in precision and accuracy. A disadvantage of our DPA system is the complex and
time-consuming calculation procedure, which may take up to 15 minutes. The costs of the measure-
ment of one patient consist mainly of personnel costs based on time needed for both measuring and
calculation. A reduction of one of these periods would be most welcome.

Tothill et. all introduced® a method in which they use 2 summation technique to calculate bone
mineral content for a low activity Gd-153 source. In this paper we describe for our scanner a
modification of the originzl calculation routine in which we use 3 summation technique as well. The
activity of the source we used was according to the specifications (37-8 GBq) indicated by the
manufacturer of the scanmer. The program results in a two-fold reduction of the time needed for
the analysis of the patient data. Moreover, the interobserver variability with regard to bone mineral
density is slightly improved. Image quality is improved by introducing the possiblity to subtract a

background. Thus it is easier to delineate the top of L2 and the bottom of L4,
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Figure 3. Total scan image. On the right side the scan inmage
with the delimiters for the ROI. On the left side the
histogram representing the BMC values for each
scanprofile.
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Materials and methods

Qur DPA system (BMC-Lab 22A, Novo Diagnostic Systems) is equipped with a standard
computer and floppy discdrive (HP-85A, Hewlett Packard Co.). The scanner device uses a 4x4 mm
pixel size. Each scan profile has a width of 12.8 cm, thus there are 32 pixels per scan profile. The
numeri¢c value measured in each pixel is plotted as a fumction of its position (Fig. 1). Over the
region of interest (ROI) (L2-L4) there are generally 22-26 scan profiles.

The original program (Fig. 5, left side) offers the possibility to position the side delimiters
and delineate the baseline by the operator on each scan profile. The side delimiters are positioned
on all scans in the ROI This leads to an irregular ROl along the lumbar spine. The scans
recommended to use to delineate a baseline are the scans containing the intervertebral discs. In Fig.)
examples of such a scan profile are depicted. The original program includes an algorithm to
calculate automatically the baselines, which have to be accorded or readjusted {(and then accorded)
by the observer. Not all scan profiles can be used to determine 2 baseline. Therefore, for the
remaining scan profiles the baselines are automatically calculated using a linear
regression analysis on the accorded baselines. The next step is the calculation of the area under the
curve (AUC) for each scanline, Subsequently the observer determines the ROI (mostly L2 to L4). A
summation of the resuits of the individwal AUC's in the RO{ is performed. Finally, after
calibration, the results are expressed as bone mineral content (BMC) in grams hydroxyapatite (g
HA) for the ROL Dividing the BMC by the surface of the projected ROI results in bone mineral
density (BMD) expressed in g Ha/em®. As the average ROI contains about 24 scanlines the nember
of variables may be wp to 74 with a minimum of 5 (one baseline, two side delimiters and two
delimiters for the ROI).

In the new program (Fig. 5, right side} the calculation is done as follows. First the ROI
(L2-L4) is defined by the observer. The computer program then summates all pixels for each
column in this ROI and plots the summated curve of all 32 columns (Fig. 2). In this curve the side
delimiters have to be placed by the observer. The baseline is zutomatically calculated by the
program using the same algorithm as in the original program, and may eventuzlly be readjusted
before accordation. With the accorded baseline and the adjusted side delimiters, which are thus all
three the same for all scanprofiles, the bone mineral content is calculated for each scan profile. Like
in the original program this profile is displayed on the screen as 2 histogram together with the total
scan image (Fig. 3). It is possible to adjust the ROI at this stage. If the ROI is adjusted the program

continues with the calculation of the summated curve for the new ROL If the ROI is not adjusted
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the program prints the final scan report.
As 2 consequence of our program the total RO is always rectangular (Fig. 3) and the number of
variabies glways equals five,

Another modification in the new program is the possibility to subtract a background as a
percentage of the maximal pixel value in the scan, which improves the guality of the scan image

and makes the localization of the RQI easier (Fig. 4).

Figure 4. Left : The original scan inage.
Right: The same image with a lower threshold of 20%.
Note for example the improved image guality in L2.
This vertebrae is, in contrast to the original image,
clearly asymmetric on this image.
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Results

We measured the bone mineral mass of the lumbar spine per L2 w0 L4 in 49 women,
randomly chosen from 2 larger group of normal women described elsewhere®. Individual data of
these patients were analyzed by one observer using both calculation programs and expressed as bone
mineral content (BMC) and as bone mineral density (BMD). The results of both programs show
very high correlation coefficients (for BMC: r=0.9966 ; for BMD: r=0.9957). The regression lines
relating the results of the original and new program do not pass through zero. The BMC and BMD
values obtained with the new program are somewhat higher. The conversion formulas from original
to new program and vice versa are given in Table L

In order to compare the interobserver variability of the two calculation methods, the BMC
and BMD of 20 patients, out of the group of 49, were calculated by 4 observers with both programs.
As g measure for interobserver variability the standard deviation between the measurements of the 4
observers was chosen. For each of the twenty patients two standard deviations were calculated, one
based on the measurements of the 4 observers with the original program, and one based on the new
caleunlation program. The means of these standard deviations over the twenty patients were for BMC
(.66 (original program) and 0.51 {new program}, and for BMD 0.010 (original) and 0.006 (new). The
values of the standard deviations of the two calculation programs were compared by means of
Wilcoxons signed rank test. For BMC the result was not significant, while for BMD the
interobserver variability for the new method appeared to be significantly lower (p<0.01) than for
the original program. Looking at the coefficients of variation instead of the standard deviations give
comparable results.

Another advantage of the new program is the reduction of the time needed for the analysis and
print-out of the scan results. Using the original software program this takes about 15 minutes per
patient. In contrast the new program takes 8 minutes per patient. In the original and the new
program the time needed for the computer to calculate, display the images and print the scan report
amounts 6 and 5.5 minutes respectivily. The reduction in the time needed for the analysis is thus

almost completely due to the reduced number of actions, that have to be done by the observer,
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Table I. Conversion formulas for data obtained with the
original and the new program.

BMC BMD
{g Ha/L2-L4} (g Ha/cm®)
ori—snew  -1.75 + 1.0zemew  -0.02 + i.oimmes
new—:>ori 2.03 + 0.97%ori  ~ 0.03 + 0.98%0ori
ori=origi;al p;;;ram w;;;;;;w program

——b-! Select scanprofile l ——b{ Select ROl . l

o -
Mark side delimiters " Summated curve is

and/or baseling displayed

r More profiles ? l Mark side delimiters
and baseling
Yes Na
1L lL

[ Total scan image ] r Total scan image ’

’ v
r Select ROI ‘l | crangeror |

Yes No

[ [smmn |

Figure 5. Flowchart of the original (left) and the new progran
{right).
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Discussion

The accuracy and precision of lumbar spine scanning for
measuring the bone mineral content by DPA depend on variations in the technical approach of the
scanning procedure, and also on the computational routipes. Problems arising by variations in the
source strength and by soft tissue calcifications, osteoarthritic lesions and other interfering lesions
are well known® %7 89,

Only a few reports consider the problems of the analysis of the raw data, such as edge
detection, baseline positioning and calculation time® 1° 2,

Another important issue is the inter- and intra-observer variation'®. These variations are
mainly due to the interpretation of the scanprofiles. In practice it appears that the automatic
calculation of the baseline, especially in adipose patients with low bone mineral mass and in
osteoporotics, often fails. In such cases the observer has to determine the baseline. This can
mntroduce variations of the baseline of 5 to 20% and variations in the final results of 1 to 20% (data
not shown),

In order to reduce these variations we developed 2 calculation program based on an average
baseline detection over the ROI (L2-L4). Our results show that an average baseline over the ROI is
reproducible, even in the hands of several operators. The inter-observer variations were of the same
order of magnitude as in the original software program (for BMC) or better (for BMD) i our group
of normals. However, the most important advantages of the new program in comparison with the
original program are the shorter time for the analysis of the scan results and the diminished
observer actions. Because of these improvements it is possible to analyze two patients simultaneously
using two computers.

In follow-up studies the new software furthermore turned out to have the advantage that
the curve obtained at a later stage shows impressive similarity with earlier curves of the individual
studied. This enables the operator to obtain more precise positioning of baseline and side cursors, in
comparison with the previous scams. This might greatly improve the lomg-term precision. In a
longitudinal study the original and the new software program are compared in this respect.

We realize that the computer equipment we used is not up t¢ date with respect to the time
needed for both the calculation and the displaying of the scan images. With more modern equipment
these times will be markedly reduced. We think however that the method itself deserves

consideration for more modern equipment as well.

173



References

1. Cohn SH. Techniques for determining the efficacy of treatment of osteoporosis. Calcif Tissue Imt
1982;34:433-438.

2. Krolper B, Nielsen P. Measurement of bone mireral content (BMC) of the lumbar spine I Theory
and application of 2 new two-dimensionzl duat-photon attenuation method. Scan § Clin Lab Invest
1980;40:653-663.

3. Tothill P, Smith MA, Sutton D. Dual photon absorptiometry of the spine with a low activity
source of Gadolinium-153. Br J Rad 1986;56:829-835.

4, Berkum van FNR, Pols HAP, Kooij PPM, et al. Peripheral and axial bone mass in Dutch women.
Relationship to age and menopausal state. Neth J Med 1988;32:226-234.

5. Dunn WL, Kan SH, Wahner HZ, Errors in longitudinai measurements of bone mineral: effect of
source strength in single and dual photon absorptiometry, J Nucl Med 1987;28:1751-1757,

6. Thorson LM, Wahner HW. Single- and dual-photon absorptiometry technigues for bone mineral
analysis. J Nucl Med Techn 1986;14:163-171.

7. Krolner B, Berthelsen B, Nielsen PS. Assessment of vertebral osteopenia. Acta Radiel Diagnosis
1982:23:517-521.

8. Ross PD, Wasnich RD, Vogel JM. Magnitude of artifact errors in dual photon absorptiometry
measurements. In Osteoporosis 1987;389-391, Ed. Christiansen C, Qsteopress Aps.

9, Stutzman ME, Yester MV, Dubovsky EV. Technical aspects of dual photon absorptiometry of the
spine. J Nucl Med Techn 1987;15:177-181.

10. Roos BQ, Hansson TH, Skoldbdrn H. Dual photon absorptiometry in lumbar vertebrae.
Evaluation of the baseline error. Actz Rad Onc 1580;19:111-114.

11. Gotfredsen A, Podenphant J, Norgaard H, et al. Accuracy of lumbar spine bone mineral content
by dual photon absorptiometry. J Nucl Med 1988;25.248-254.

12. LeBlanc AD, Evans HJ, Marsh C, et al. Precision of dual photon absorptiometry measurements.
J Nucl Med 1586;27:1362-1365.

174



NAWOORD

Grazg wil ik allen danken die door hun hulp en steun hebben bijgedragen tot het tot stand
komen van dit proefschrift.

Allereerst mijn opleider en promotor prof. dr. J.C. Birkenh’iger, die mij enthousiast wist te
maken voor het moeilijke gebied van het patient-gebonden onderzoek. Zijn stimulerende en
optimistische begeleiding, met name ook in het geval van teleurstellende resultaten, zijn essentieel
geweest voor het afronden van dit proefschrift.

Huib Pols heeft mij op plezierige wijze ingewijd in het zinvol en leerzaam bezoeken van
congressen ("wie is wie in osteoporose-land”). Naast de vele discussies die wij samen voerden, heb ik
van hem geleerd dat de “ivoren torem van de wetenschap” in tijden vam universitaire bezuinigen
alleen met goed management {en contacten buiten de eigen universitaire gemeenschap) kan worden
behouden of uitgebouwd.

De metingen van de minerale botmassa werden op voortreffelijke wijze verricht door de
medewerkers van de afdeling nucleaire geneeskunde en de afdeling experimentele radiologie. Peter
Kooij heeft met zijn "kritische” en mathematische aanpak de fotonabsorptiometrie begeleid, hetgeen
resulteerde in een verbeterde rekenmethode.

Zonder de medewerking van gezonde vrijwilligers en de vele patidnten was dit promotie—
onderzoek niet mogelijk, hen ben ik veel dank verschuldigd.

Mijn "maten” Herman Gertrouw en Cees Geers wil ik bedanken omdat zij altijd voor mij
klzar stonden om waar te nemen, wanneer ik ons ziekenhuis verliet om de universiteit te bezoeken.
Aan Trees Steenhorst, onze secretaresse, beloof ik dat het vele kopiéren nu echt voorbij is.

Hoe belangrijk ook, dit proefschrift is slechts een stap in de opleiding tot volwaardig mens.
De eerste stappen werden gemaakt onder leiding van mijn ouders, zij hebben het klimaat gecregerd
waarin het plezierig en vanzelfsprekend was om hobbies te hebben, te sporten en te studeren.
Tijdens het schrijvem van het manuscript hebben zij mij gesteund met hon interesse en
aanmoedigingen. Van praktisch nut bleek hun grote vriendenkring: vrijwel zlle gezonde
proefpersonen werden daarnit geacquireerd.

Penny, let mij werken, maar haalde mij op de juiste momenten achter het beeldscherm

vandaan, en wist daarmee duidelijk te maken dat ons gezinsleven nog vele malen boeiender is dan
de wetenschap.
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CURRICULUM VITAE

De schrijver van dit proefschrift werd geboren op 3 december 1956 te Rotterdam. Na het
behalen van het Atheneurm B diploma aan het Sint Montfort college te Rotterdam werd in 1975 met
de studie geneeskunde aangevangen aan de Erasmus Universiteit Rotterdam. Gedurende deze studie
werd ervaring opgedaan in wetenschappelijk onderzoek op de afdeling chemische endocrinologie
{(hoofd pref. dr. H.J. van der Molen,) Tevens was hij student-lid van de Vaste Commissie
Wetenschapsbeoefening. In januari 1981 werd het artsenexamen afgelegd (met lof). In afwachting
van zijn opleiding tot internist werkte hij als arts-assistent op de afdeling Interne Geneeskunde in
het Bergweg Ziekenhuis (hoofd Dr. G.J.H. den Ottolander) en op de afdeling Cardiologie van het
Zuiderziekenhuis (opleider X H. Krauss). Vanaf 1983 tot 1988 werd de opleiding tot internist
gevolgd in de afdeling Inwendige Geneeskunde III van het Academisch Ziekenhuis "Dijkzigt” te
Rotterdam (hoofd prof. dr.J.C, Birkenhiger}. Het onderzoek beschreven in dit proefschrift werd op
deze afdeling en de afdeling Nucleaire Geneeskunde verricht (in samenwerking met de afdelingen
Radiodiagnostiek, Pathologie en Inwendige Geneeskunde II). Na zijn registratie als internist in 1988
werkte hij in het van Dam-Bethesda ziekenhuis te Rotterdam, In juni 1990 volgde de overgang naar
Spijkenisse, alwaar het Ruwaard van Putten Ziekenhuis werd geopend.
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