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INTRODUCTION

Stroke

According to the World Health Organization criteria stroke is defined as “rapidly
developing clinical signs of focal (or global) disturbance of cerebral function, lasting more
than 24 hours or leading to death, with no apparent cause other than that of vascular ori gin”.!

Stroke is a major cause of death and impairment in elderly people.z‘3 Data from the first
stroke register in Norway, collected from 1994 to 1996 in Innherred, Nord-Trendelag showed
that the crude annual incidence risk of stroke was 3.12/1000 inhabitants aged 15 years or
above. This result from Innherred, a population with a sex- and age-distribution similar to
Norway as a whole, was similar to incidence rates of other Scandinavian and West European
contries.” The incidence of stroke increased exponentially by age, and in the group aged 75-84
years the incidence rate was 21/1000 compared with 40/1000 in the group =85 years.® Based
on results from this stroke register, about 10 000 first ever stroke and 3 400 recurrent stroke
are expected to occur every year in Norway.’ The study also showed that the overall 30-day
case-fatality rates were 19.2% for patients with first ever stroke and 37.9% for patients with
recurrent stroke.*

Based on data from Nord-Trendelag, approximately 2% of the adult population over the
age of 20 have had a stroke, 56% of the stroke patients regard themselves as having impaired
mobility and 24% are full-time residents in an institution.® Other stroke related factors that
may influence dependency are sensory deficits, impaired balance, impaired vision, depression
and neuro-psychological problems, e.g., neglect and apraxia. Among patients surviving a
stroke approximately 1/3 remain dependent with respect to ambulation and do not regain

normal arm function within the first 6 months after the stroke event.’



Fracture

Fractures are more common in older than in younger people, and more common in older
women than in older men.® The main age-related fractures occur in the vertebral bodies,
proximal femur, proximal humerus and distal forearm. At younger age, Colles fracture of the
wrist is more common than fracture of the proximal femur, but after the age of seventy, the
incidence of fracture of the proximal femur increases rapidly and this fracture becomes the
most common one.® One explanation for this change in fracture type has been related to
decreased walking speed associated with an increased risk of falling to the side in old age.’

Fractures of the hip are more severe than the other age-related fractures. The overall
annual crude incidence rate of hip fracture has been estimated to 12.1 per 1000 inhabitants
(1994-1995) in Norway.'® Like stroke, the incidence increases exponentially by age and 60%
of all cases are found in people aged 80 years or more. In Sweden, the first-year mortality after
a hip fracture is 20% in women and 34% in men,'' and in a general Norwegian population
(= 75 years) the risk of dying within 1 year after hip fracture has been estimated to be 3 to 4
times higher than in controls.'? However, the excess mortality seems mainly to be related to
persons with reduced mental status, reduced somatic health and low physical ability.'*'*
For those who survive a hip fracture daily life may be severely restricted. Cooper, for

example, points out that 40% are still unable to walk independently one year after the fracture

and 60% have difficulty with at least one essential activity of daily living.'?

Fractures in stroke patients
People who have suffered from a stroke are at increased risk of fracture, especially hip

"17 usually occurring at the paretic side.'”*® Furthermore, it has been shown that

fracture
among patients with hip fracture, 8-29% have had a stroke prior to the fracture.'8?%?? The

consequences of hip fracture are more severe in patients with previous stroke than in patients



without stroke. First, because survival is reduced and, second, because only 39% of the stroke
patients who lived in their homes before the fracture are discharged back home compared with

63% of the patients without stroke.?

Changes in bone mass after stroke

The main reason why stroke patients are at increased risk of fracture is probably low
bone mass at the paretic side (table 1) in combination with an increased risk of falling.**
Although most stroke patients with hemiparesis relearn to walk,” many walk asymmetrically
with less of their body weight through the paretic leg,*® and this may affect bone mass. With
respect to the arm, approximately 50% of the patients have reduced function immediately after
the stroke event and about 1/3 do not regain normal function within the following 6 months.”
Studies of stroke patients where bone mass of the total body has been measured describe a
larger reduction of bone mineral in the paretic arm than in the paretic leg,'™ possibly
because the leg is stimulated through weight bearing despite being paretic.

Disuse seems to be the most plausible explanation for the low bone mass both in the
upper and lower extremity. The effect of decreased motor function on bone loss after stroke is,
however, unclear; most studies are cross-sectional and longitudinal studies on this matter are
extremely sparse with small populations followed . (table 1).

Cross-sectional studies can only evaluate the difference in bone mass between the
paretic and non-paretic side. A difference may be observed if bone loss has taken place on
both sides, but to a larger extend in the paretic limb, consequently leading to an
underestimation of the real bone loss. A difference may, however, also be a result of bone

hypertrophy of the non-paretic limb rather than bone loss at the opposite side. The true change

of each side, separately, can only be examined in longitudinal studies.



When the present thesis was planned (in 1995) only one longitudinal study on stroke
patients had been performed.* It showed that the bone mineral content (BMC) decreased by
9% in the arm and 4% in the leg within four months after stroke onset, but despite that only
five patients were followed for 6 months, it was concluded that the bone loss ceased after 2-3
months.? Later, in 1999, another longitudinal study with 19 stroke patients was published.
The patients were followed for 1 year, but included only non-ambulatory patients and the

baseline bone mineral density (BMD) was measured 1 month after stroke.
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Bone adaptation

Macroscopically, bone consists of 75-80% cortical and 20-25% trabecular bone. The
ratio of cortical/trabecular bone differs at different parts of the skeleton, and examples of areas
with a high content of trabecular bone are the metaphyseal regions and the vertebrae, whereas
examples of regions with a high content of cortical bone are the shafts of the long bone.*’
Bone is a living tissue and 5-15% of the skeleton is exchanged annually.”’ The trabecular
“spongy” bone is always enveloped by cortical very “dense” bone, but because trabecular
bone has a large bone surface (and contribute to most of the total bone surface) it is also a
more metabolic active region than cortical bone.*®

The proportion of the bone occupied by bone tissue is traditionally described as bone
mass. During childhood and adolescence bone mass accumulate and peek in the twenties.*
After the age of “peak bone mass” bone-resorption exceeds bone-formation resulting in a
gradual annual bone loss of about 1%, in women increasing to 1-4% over the decade after the
menopause.*® Moreover, there may be an increased loss in the last decades of life.”!

Over 100 years ago Wolf 32 suggested that bone will accommodate to the habitual stress
that is imposed on it. Today it is widely accepted that bone is a highly adaptive tissue, which
develops in structure and function in response to mechanical forces and metabolic demands.
Several theories have been proposed to explain the mechanism; one example is the
“Mechanostate Theory” by Frost.® Frost distinguish between modelling (referring to
modelling in the formation mode) and remodelling processes, and asserts that disuse and
overload have opposite effects on these two processes. Disuse activates remodelling, but
inhibits modelling, leading to bone loss, whereas overload inhibits remodelling and activates
formation mode modelling, leading to bone gain. Similarly, other authors describe bone
adaptation as a feedback system with threshold levels of mechanical strain above or below

which the adaptation begins **** (figure 1).



Figure 1. Bone adaptation as a feedback system; illustration

Bone mass Immobilisation Physiologic range Overload range
t
{
resorption > > formation resorption = formation resorption < formation

The most extensive evidence in human studies supporting that exercise affects bone
mass has so far been obtained in cross-sectional studies of athletes. Generally, physically
active subjects have higher BMD than age matched sedentary controls (see reviews by
Suominen,*® Forewood,”” Chilibeck **), and the osteogenic effects of training seem to be quite
specific to the sites at which the mechanical strains occur.””® However, as prospective
exercise trials in pre- and postmenopausal women have demonstrated only modest (1-2%)
improvements in bone mass,® the more dramatic effects of athletic activity on bone mass
inferred by cross-sectional studies may reflect self-selection. Another explanation may be that
exercise is more effective in adolescence (before skeletal maturity is reached) than in adults.

Like exercise, the effect of immobilisation on bone mass is site specific. As shown in a
review by Jirvinen 62 musculosceletal injuries (e.g., fractures) result in bone loss mainly in the
regions of the skeleton related to the injury. This is also the case for patients with traumatic
spinal cord injuries 63-68 and stroke patients (table 1) where the loss of bone occurs mainly in
the paralysed parts of the body.

Several studies have shown that the most rapid bone loss occur during the first weeks
after immobilisation; thereafter the rate is slower.>**”" The extent and rate of bone mass

. . . S 70,72,73 : .
recovery during remobilization have remained a controversial issue, but it seems certain



that the time needed for recovery is clearly much longer than the time needed to reduce the
bone mass, and that the recovery often seems to be incomplete.”*”*

The bone mass present at a given time in life is determined by factors that influence the
gain of bone during growth and those that influence bone loss in later life. Other factors than
level of physical activity include genetics, weight in infancy, hormonal status, nutrition,

several diseases and medication.”>’®

Bone densitometry

The fundamental principle behind dual energy X-ray absorptiometry (DXA) is the
measurement of the transmission of X-rays of two different photon energies through the body.
This enables the masses of two types of tissue (e.g., bone and soft tissue) to be quantified. In
the earlier technique of dual photon absorptiometry (DPA) a Gd-153 radionuclide source was
used (which has two emissions at 44 and 103 keV). At photon energies above 100 keV there
is little difference in the attenuation by bone and soft tissue, and transmission measurements
reflect the total mass in the beam. Photon energies around 40 keV are ideal for the low energy
beam because there is a good contrast between bone and soft tissue. Replacement of the Gd-
153 source with an X-ray tube improved the performance of dual photon bone densitometers
by combining high photon flux with the small focal spot size of the X-ray tube. The
availability of an intense, narrow beam of radiation improved scanning time and image, and
led to a concomitant improvement in precision.

Other absorptiometric techniques commonly used for measurements of bone mass
beside DXA and DPA are single photon absorptiometry (SPA) and single X-ray
absorptiometry (SXA). However, in terms of accuracy, precision, and radiation doses DXA

seems to be the most preferable technique.”



Absorptiometric data can be expressed both as bone mineral content (BMC) and bone
mineral density (BMD). BMD is an area density measurement (g/cmz) derived by dividing
BMC (g) by the scanned area of bone. BMD is not a measure of true density because
absorptiometry provides no information about the depth of bone in the scan path. It does,
however, provide a degree of standardisation for differences in body size between individuals
and facilitates the comparison of an individual with a reference population. Moreover, bone
mass expressed as BMD tends to be more precise than BMC,¥ an advantage in longitudinal
studies.

The only methods that can measure the true volumetric density and the three-
dimensional geometry of a bone directly are the quantitative computed tomography (QCT)
and peripheral quantitative computerised tomography pQCT. The radiation dose of QCT is
however high (~50 pSv) compared with DXA (< 3 pSv) whereas the radiation dose of pQCT
equals the dose of DXA.” Measurements of the appendicular skeleton by use of pQCT may,
thus, be an interesting alternative to SPA/SXA, as also separate measurements of cortical and
trabecular bone can be performed by this technique.

Unfortunately, cortical and trabecular bone cannot be evaluated separately by DXA.
Moreover, it is not possible to study the higher tendency for disconnection of the trabecular
network as seen in osteoporotic patients‘”'gl by this technique. Ultrasound may be an
alternative to evaluate parts of the peripheral skeleton, as it seems to provide information
about the microstructure of the bone. Ultrasound systems quantify the effect of sound
distorted as it passes through bone, and is affected by e.g., trabecular orientation, spacing and
quantity.®? Usually the calcaneus is measured, but sensitivity to the presence of oedema may

.. .. . . 84
limit the precmon,83 as also shown in a study on stroke patients.



Region of interest for measurements of bone mass

Low bone mass is related to bone strength and is a major determinant of future fracture
risk.¥ Fractures are predicted best by BMD measurements from the relevant anatomical
sites®® and, thus, BMD of the femoral neck is a better predictor of hip fracture than
measurements of other skeletal sites.®’

Since the osteogenic effects seems to be site-specific to the anatomic sites at which the
mechanical strains occur,>®! it is essential to measure bone mass at the site of loading, when
one aims to evaluate the effect of physical activity or weight bearing on bone. Furthermore, as
skeletal sites with a high content of trabecular bone, for example the trochanter and the
proximal humerus, are expected to have the highest initial bone loss after immobilisation,’
these regions may be of special interest when studying the early effect of disuse.

Little is known with regard to whether changes in BMD after immobilisation are
uniform across the bone or whether there are regional differences, e.g., within the femoral
neck. As illustrated by Pauwells,®’ the trabeculae of the cancellous tissue are usually oriented
so as to resist axial deformational stresses (either from weight bearing or from muscle
activity) and théir number, size and distribution are related to these forces. When analysing
the strains in the femoral neck, Pauwells showed that the stresses increase more strongly
towards the medial (lower) border than towards the lateral (upper), and that the greatest
stresses arise on the medial side of the femoral neck. The density of the cancellous tissue and
the thickness of the cortex have a corresponding distribution: the cancellous tissue is denser
and the cortex much thicker on the medial than at the lateral side as seen in Figure I, paper II.
Therefore, with respect to the effect of loading it must be of interest to examine changes in
BMD within the femoral neck. Not only from a biomechanical, but also from a clinical point

of view this question is important to investigate, as measurements of the lower femoral neck



may give us a better estimation of the impact of physical activity on BMD changes in the hip

than measurements of the total femoral neck.

Low bone mass, -a risk factor for stroke?

The increased risk of fracture in stroke patients may also be related to factors other than
those occurring after the stroke event. Stroke mainly occurs in the elderly population where
osteoporosis is often already present. Moreover, osteoporosis and stroke share several risk
factors other than age such as smoking, low physical activity and hypertension.’'*"#%4 { ow
BMD and a high risk of stroke may, thus, be related, but studies on this relationship are
sparse. Browner et al.>®% have shown that low BMD (adjusted for several potential
confounders) was significantly related to stroke mortality and stroke incidence in a female
population, but before our study was conducted, no data were available for men. If BMD is
low in acute stroke patients, this risk factor will add to the other risk factors such as the
increased incidence of falls and the increased rate of bone loss.

Thus, the aim of this thesis was to investigate changes in BMD the first year after stroke

and, further, to assess whether low BMD precedes stroke:
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AIMS OF THE THESIS

to evaluate the influence of post-stroke disuse and immobility on the rate of bone loss
in the proximal femur (paper I).

to investigate whether changes in bone mineral density in the lower femoral neck
(mainly influenced by compressive stresses of the hip) differ from the changes in the
upper femoral neck (mainly influenced by tensile stresses) after disuse due to stroke
(paper II).

to evaluate possible changes in bone mineral density in the proximal humerus within
the first year after stroke (paper II).

to examine the possible relationship between BMD and risk of stroke in non-

institutionalised elderly men and women (paper IV).

20



SUBJECTS

Paper I-1IV
Patients

The patients in this thesis consisted of people with acute stroke admitted to The
University Hospital in Tromse (RiTg), Norway. All persons with acute stroke from Mid- and
Northern Troms, a well-defined part of the county with 114 000 inhabitants, are supposed to
be hospitalised to RiTe.

Stroke was defined according to the definition of the Worlds Health Organization,
WHO.' The diagnosis was based on a doctors clinical examination, an evaluation of all
available information from the hospital medical records and supported by anatomic cerebral
changes on computed tomography scans.

Patients included were acute stroke patients aged > 60 years, who had been able to walk
without personal support prior to the stroke event. The patients included in paper I-III had to
reside within a 2 hours drive from the hospital, whereas the patients in paper IV were from the
municipality of Tromse. Exclusion criteria were previous strokes affecting the sensomotoric
system, unconsciousness and terminal illness, presence of osteosynthetic material in the
femoral neck, a history of hip fracture, and known unilateral bone diseases affecting bone
mineral density asymmetrically such as osteosarcomas and osteomyelitis. With respect to
paper IV, patients with a history of previous stroke, even though this had not affected the
sensomotoric system, were excluded.

The number of patients eligible, included and followed for 1 year is given in table 2.
Figure 2 gives information about time of inclusion and number of patients included in the

different papers. Note that not all included patients were followed for I year.
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The patients followed in paper IIl (measured at baseline and after | year, n=28) is a
subgroup of those followed in paper I (measured at baseline, 7 and 12 month, n=40), except
for 2 patients who were not included in the evaluation of the latter group, because they missed

the 7-month measurements.

Table 2. Number of eligible patients included and followed for 1 year (paper I-I1I)

Paper Patients (n) Time atinclusion ~ Walks 1 week after stroke
Eligible Included Followed for 1 year

I+1I 42 42 17* Dec 95 - Aug 97 No
24 23 23* June 96 - Aug 97 Yes
66 65 40*
m 37 37 28** April 96 - Aug 97 No
*Measured at baseline, 7 and 12 month **Measured at baseline and after 1 year

As detailed in the papers (I-III) the main causes for missing patients during follow-up

were severe disease or death.

| In paper IV, patients both mobile and immobile 1 week after the stroke were included in
the study. Time of inclusion was June 1996 to August 1997. All but one of the 64 eligible
patients accepted to participate.

With respect to paper I-III we did, unfortunately not, register the number of patients who
were not eligible for the study. In paper IV, we found that 61 patients (49% of all stroke
patients hospitalised to RiTe in the period of inclusion) were not eligible for the study. The
cause was death, unconsciousness or severe disorientation the first week afier stroke (n=30),
previous strokes (n=23) or a history of hip fracture or presence of osteosynthetic material in
the femoral neck (n=6). Two patients were not enrolled in the study due to femur amputation

and cancer with metastasis to the bone.



Figure 2. Site of DXA-measurement in the of patients included in the study

Site of DXA-measurement, Time of inclusion
Ambulatory level, number of patients included
Relevant papers

December 95

DXA of hip
Donot walk,n=35
Paper 1, 1l

April 96
DXA of hip and total body
Do not walk, n = 37
Paper I, 11, 11

] June 96

DXA of hip
Walks, n =23
Paper I, I

August 97




Paper IV
Control subjects

The control subjects included in paper IV were randomly selected from the population
register of Tromse in 1998 and invited by letter to participate in the study. For each gender
and 5-year age bracket we invited more than twice the number of cases in order to get a
sufficient number.

Among the 404 invited possible control subjects 197 (49%) accepted to be enrolled in
the study. They all stated that they had never sustained a stroke. However, to ascertain that
possible unreported stroke patients were excluded, their medical hospital records were
reviewed by an experienced physician (Dr. Torgeir Engstad). Six men and 3 women were

found to have had a previous stroke and, thus, excluded from the analysis.

Ethics
Informed consent was obtained from each participant according to The Second Helsinki
Declaration, and the trial was approved by the Regional Committee for Medical Research

Ethics.

METHODS
Paper I-0I1
Bone densitometry
In paper I, bone mineral density (BMD) was measured using dual-energy-X-ray
absorptiometry (Lunar DPX-L, version 1.3z) at both proximal femurs mean 6 days (SD 4)
after the stroke, and 7 months (mean 30 weeks, SD 2) as well as 12 months (mean 52 weeks,
SD 2) after the first measurement. The patients who could not walk one week after the stroke

were also measured at two month (mean 8 weeks, SD 1).



The bone mineral density was determined at the femoral neck area and the trochanteric
area as described in the Lunar-manual.”’ The image files were later re-analysed using a beta
version of the Lunar hip strength analysis (HSA) program (version 8 3.7) (paper II). In order
to evaluate regional changes in femoral neck BMD, upper and lower BMD values were
chosen from the HSA output (Fig 1, paper I).

In the patients described in paper I, BMD of the total body was measured using dual-
energy-X-ray absorptiometry (Lunar DPX-L, version 1.3z). The first measurement was
performed mean 7 days (SD 4) afier the stroke followed by measurements 2 months (mean 8
weeks, SD 1), 7 months (mean 30 weeks, SD 2) and 12 months (mean 52 weeks, SD 2) later.
The BMD of the head and spine were derived directly from the total body scan by use of the
Lunar definitions.”’ The BMD of the proximal humerus was derived from the same total body
scan by means of the region of interest (ROI) program. The proximal humerus ROI was
located by using the ruler option, where the inferior part of the region was located 96 mm

from the most superior part of the humerus head.

Functional tests

The patients ability to walk, the motor function of the paretic leg and arm and the degree
of spasticity was assessed immediately before the BMD measurements at baseline and at two,
seven and twelve months after the stroke event, weight distribution in standing after 7 months.

All evaluations were done by the same investigator (LJ).

Gait
We classified the patient’s ability to walk by use of the scale “Functional Ambulation

Category” (FAC),” which has proved to be useful in stroke rehabilitation.” The scale assesses

25



the amount of human assistance rather than devices needed for ambulation, and scores from 1
(chairbound) to 6 (independent on both level and non-level surfaces). Patients who are unable
to walk unless supported by another person are categorised as FAC 2-3, whereas patients who

are able to walk at least 6 meters on their own are categorised as FAC 4-6.

Weight distribution in standing
Because the FAC-scale does not reflect any aspects of asymmetrical posture, we
assessed the patients body weight distribution during bilateral standing using the “The
Balance Performance Monitor” (BPM) (SMS Healthcare, Elizabeth House, Harlow, UK), as
described in paper II. The coefficient of variation was found to be 3.6% when two

measurements were performed in 10 stroke patients.

100-102
90-102 3nd

Most patients relearn to walk within the first two to three months after stroke,
we therefore chose to use weight bearing seven months afier the stroke as an integrated

measure of symmetry for the period the patients were followed.

Motor function of the paretic leg and arm

103.10% {5 a measure used to assess the neurologic status

The Scandinavian Stroke Scale
of stroke patients. The level of consciousness, eye movement, orientation, paresis of the arm,
hand, and leg; facialis paresis, aphasia and gait is evaluated. In paper I and [V we used the
SSS subscore for motor function of the leg, and in paper III we used the SSS subscore for
motor function of the arm. These subscores are graded in five categories (0: paralysis; 2: can
move but not against gravity (severe paresis); 4: raises leg/arm with flexion in knee/elbow

(moderate paresis); 5: raises leg/arm straight but with reduced strength (mild paresis); 6: raises

leg/arm with normal strength (no paresis).
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Spasticity
Spasticity of the paretic arm was assessed according to the modified Ashworth scale'®

ranging from 0: no increase in muscle tone to 4: affected part rigid in flexion or extension.

Methods used in paper IV

BMD was measured at both proximal femurs in the same way as described in paper I,
but in the analysis we used the mean values from the right and left side. The patients were
measured mean 6 days (SD 4) after the stroke event.

The motor function of the paretic leg was assessed by us of the SSS-scale as described
in paper I. Moreover, all participants were interviewed about their alcohol and smoking
habits: were they teetotallers or not, did they smoke currently or previously. The stroke
patients were asked whether or not they had used assistive devises for walking prior to the
stroke and the control subjects were asked about current use of these devises.

Body weight and height was mostly measured in a standing position, except for 27 of
the stroke patients, who had their height measured in a supine position, as they were unable to
stand. The body mass index (BMI) was calculated as the weight in kilograms divided by the
square of the height in meters.

The control subjects completed a questionnaire about medical history including current
and previous cardiovascular diseases, cancer, diabetes and current use of medication. The

same information about the stroke patients was obtained from their medical records.



Statistics

All statistical tests used in this thesis have been described in the papers (I-IV).

Briefly, paired t-tests and two-sample t-tests as well as analysis of variance and their
non-parametric counterparts (Wilcoxon Signed Rank Test and Kruskal-Wallis Test for testing
within-group and between-group changes, respectively) were used in paper I-III. In paper I, we
also took into consideration that the measurements were repeated. In paper IV, logistic
regression analysis were performed.

The data were analysed using the Windows 7.5 version of the Statistical Package for the

Social Sciences (SPSS).



SUMMERY OF THE PAPERS

Paper I
Walking after stroke - does it matter? Changes in bone mineral density within the first

12 month after stroke longitudinal study

The aim of the first paper was to investigate the degree of demineralisation within the first
year after stroke, and to elucidate a possible difference in patients with high versus low
ambulatory levels. Forty acute stroke patients were followed (17 initially wheelchair bound
and 23 initially ambulatory). BMD was measured in the proximal femur bilaterally mean 6
days, 7 months and one year after stroke onset using dual-energy X-ray absorptiometry.
Ambulatory status was independently associated with changes in BMD (p<0.005) one year
after stroke. The 17 initially wheelchair bound patients had a significant 10% reduction in
BMD at the paretic side and 5% reduction at the non-paretic side (p<0.001), whereas the 23
patients initially able to walk had a significant loss (3%) only at the paretic side (p=0.01). The
analysis also indicated that the major reduction in BMD took place within the first 7 months.
Two months afier stroke 12 of the wheelchair bound patients had relearned to walk. At the
paretic side the one year BMD-changes in the patients who stayed wheelchair bound, the
patients who relearned to walk within the first two months, and the patients who were able to
walk throughout the study were 13%, 8% and 3%, respectively, and a statistically significant
trend with ambulatory level was found (p=0.007). This study provides clear evidence that lack
of mobility and weight bearing early after stroke is an important factor for the greater bone
loss in the paretic leg, but that relearning to walk within the first two month after stroke, even

with support of another person, may reduce the bone loss after immobilisation.



Paper II

Ambulatory level and asymmetrical weight bearing after stroke affects bone loss in the
upper and lower part of the femoral neck differently. Bone adaptation after decreased

mechanical loading.

In the second paper, we focused on site specific changes in BMD within the femoral neck. We
investigated the effect of walking and asymmetrical weight bearing on the loss of bone
mineral in the upper and lower femoral neck. The same 40 patients described in paper I were
followed. Regional BMD-changes were computed for the lower and upper femoral neck (the
first is mainly influenced by compressive stresses of the hip, the latter by tensile stresses
during walking). When comparing the mean BMD loss in groups of patients according to
when they relearned to walk, a statistically significant trend in BMD-loss was found in the
lower femoral neck on both the paretic and non-paretic side (p<0.01 and p=0.01 respectively),
whereas for the upper femoral neck no significant trend was demonstrated (p=0.1). The body
weight distribution during standing was assessed by use of a force-plate in 38 patients who
could stand independently at the 7 months evaluation. The only significant correlation
between changes in BMD and asymmetrical weight bearing was found in the lower femoral
neck on the paretic side (r=0.6, p<0.001). This study shows that the reduction in BMD in the
femoral neck occurs mainly in the lower part of the neck and on the paretic side. The BMD
loss depends on when or if the patients relearn to walk, but also on the amount of body weight
bom through the paretic leg. Thus, measuring the lower part of the femoral neck may give a

better estimate of the impact of gait and weight bearing than measuring the total femoral neck.
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Paper 111
Functional status of the paretic arm affects the loss of bone mineral in the proximal

humerus after stroke. A one-year prospective study.

Whereas the first two papers give information about changes in BMD in the femoral neck, we
studied, in the next paper the effect of decreased arm function after stroke on bone mineral
density in the proximal humerus. Twenty-five patients, initially non-ambulating, were
evaluated one week after acute stroke and re-evaluated two months, seven months and one
year after the stroke. Bone mineral density (BMD) of the proximal humerus was measured and
the functional status of the paretic arm assessed. Furthermore, BMD of the head and spine was
measured. Within one year the BMD decreased significantly in the proximal humerus at the
paretic side. No significant BMD-change was found at this site of the non-paretic arm, in the
spine and in the head, although the increase in bone mineral of the head approached the level
of significance (+ 2%, p=0.06). Looking at subgroups, patients with an initial completely
paralysed arm lost 27% (p<0.001), patients with severe to moderate paresis lost 11%
(p<0.001), whereas patients with minor or no paresis had no significant bone loss in the
proximal humerus at the paretic side after one year. A statistically significant trend with initial
arm function was found both 7 month and one year after the stroke at the paretic side
(p<0.01). Patients who were paralysed or had severe to moderate paresis both at inclusion and
after one year had a larger one-year bone loss in the proximal humerus than the patients who
recovered and the patients who were only minor impaired throughout the study, 25%, 8% and
5%, respectively (p-value for linear trend<0.001). We conclude that during the first year after
stroke bone mineral is lost in the proximal humerus of the paretic arm, but that the loss
depends on the initial degree paresis. Our results suggest that bone loss may be prevented if

arm function is regained.



Paper [V
:Bone mineral density in acute stroke patients. Low bone mineral density may predict

first stroke in women.

Paper IV focus on the BMD before stroke. We examined the relationship between BMD and
acute stroke in non-institutionalised men and women aged 60 years and older. Sixty-three
stroke patients (33 women and 30 men) and 188 control subjects from the general population
were included. BMD was measured using dual-energy-X-ray absorptiometry on both proximal
femurs. The measurements of the stroke patients were done 6 days after the onset of stroke.
The BMD of the femoral neck in the female stroke patients was 8% lower than in the control
subjects (p=0.007). In men, no difference in. BMD between the stroke patients and their
controls was found. Women with BMD values in the lowest quartile had a higher risk of
stroke than women with BMD values in the highest quartile (OR = 4.8), and the p-value for
linear trend over the quartiles was statistically significant (p=0.003). The odds ratio for stroke
increased 1.9 per standard deviation (0.13 g/cm?) reduction in BMD, and the association
between low BMD and stroke in women remained significant when the analysis was adjusted
for potential confounders. We conclude that female, but not male, stroke patients have lower
BMD than population controls. Low BMD may, thus, predict stroke in women, but low BMD

may also be a marker for frail health.
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GENERAL DISCUSSION

Methodological considerations

“The validity of a study is usually separated into two components: the validity of the
inferences drawn as they pertain to the members of the source population (internal validity),
and the validity of the inferences as they pertain to the people outside that population (external

validity or generalizability).” "%

Internal validity

Internal validity implies that the findings are not a result of bias, confounding or chance.

Bias

Bias (defined as a systematic error) may be divided into selection bias, referring to an
error arrised in the process of identifying the study populations, and information or
observation bias, which includes any systematic error in the measurement of information on

€xposure or outcome.

Selection bias

It is expected that all persons with acute stroke from Mid- and Northern Troms, a well
defined part of the county with 114 000 inhabitants, are admitted to RiTe. However, although
all stroke patients are supposed to be hospitalised, it has been shown (at least in an other part
of Norway®) that exceptions may be incident stroke cases in nursing homes with small
potential for rehabilitation or poor prognosis. In a recent study of stroke incidence in Nord-
Trondelag, Norway, 13.3% of the cases (fatal and not-fatal) were found outside hospital.* This

may also be true with respect to our study; some patients resident in nursing homes before



stroke may have been eligible, but not included due to non-hospitalisation. However, as one
criterion for being included was that the subjects had been able to walk prior to the stroke, we
probably have not lost many eligible patients.

Eligible patients were selected according to the selection criteria previously described.
Unfortunately, we are not able to supply information about how many stroke patients who
were not eligible for the study except for paper IV.

With regard to the longitudinal studies (paper I-1II) the participation rate was high as all
but one eligible stroke patients hospitalised to RiTa accepted to be enrolled.

For logistic reasons, measurements of the total body BMD were started later than bone
densitometry of the proximal femur, and only patients unable to walk at baseline were initially
enrolled in the study. There is, however, no reason to expect that the patients who were not
able to walk one week after the stroke in one part of the period December 1995 to August
1997 differ from stroke patients in another part of the same time period. Thus, our results with
regard to the loss of BMD according to paresis, ambulatory status and time after the stroke
should not be influenced by the recruitment procedure (paper I-1I).

One important consideration may, however, be that a number of patients did not
participate in the study for the entire year. Nevertheless, as the major cause for missing
patients during follow-up was severe disease or death, and as the baseline measurements of
the patients followed did not differ significantly from those of the patients not followed, the
results seem representative for the type of stroke patients we have studied.

Of the stroke patients included in the case-control study (paper IV), 51% were eligible
and all but one person agreed to participate. With respect to the control subjects we are quite
concerned about selection bias as 51% of the invited individuals abstained to participate. This
includes an unknown number who were not eligible due to e.g., previous stroke or hip

fracture/osteosynthetic material in the femoral neck. The control subjects were in the letter of
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invitation informed that they could only take part in the study if they had no history of stroke
or hip fracture, but also that they could refuse to participate. We were not allowed to ask for
reasons for non-participation. Thus, we do not know the proportion of possible controls
contacted who did not take part in the study due to the exclusion criteria or for other reasons
and, consequently not whether our control subjects were more or less healthy than an average
same aged person without stroke. We have therefore conducted some new analysis (table 3)
and compared our controls to participants in the Tromse Study (the fourth survey, 1994/95).
In this study all individuals aged 25 and above were invited to the screening and very similar
or identical questions as those used in our study were posed in a self-administered
questionnaire. Eighty-four percent of the subjects aged 60 and above attended. A comparison
group from the population survey was constructed, consisting of subjects denying stroke and
with the same sex and age (5-year age-group) distribution. The estimated response rate in this
group was 77% and the results compared with those from our control group were as follows

(table 3):
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Table 3. Control subjects (paper IV) compared with participants of the fourth Tromse survey study

Women Men

Characteristics Our control group  Population sample Our control group  Population sample
BMI (kg/cm?), mean (SD) 26.9 (4) 26.7 (5) 254 (3) 25.1(3)
Current smoker 18 % 17% 23% 27%
Drinks alcohol 56 % 52% 84 % 78%

Has diabetes mellitus 9% 5% 8% 6%
Previous myocardial infarction 9% 8% 23% 14%
Angina pectoris 21% 15% 18 % 18%
Medication for hypertension 26 % 21% 20% 17 %

The table shows that the prevalence of risk factors for stroke in a group of subjects from
the Tromse Study and in our control group was quite similar or, if anything, somewhat higher
in the latter group. Thus, our control group does not seem to be particular healthy (with high

BMD), and we do not find it likely that selection bias can explain our findings.

Information bias

Bone densitometry with DXA is not time consuming, requires little co-operation from
the subject, and because of its high precision it is well suited for the measurement of changes
over time. Some systematic errors may, however, occur for example due to changes in body
fat mass and changes in positioning between the measurements.

In 1990 Hangartner et al.'” observed changes in BMD when fat was inhomogenously
distributed over the measured area of a phantom. This observation was later confirmed by
Tothill et al.'® who performed a study to evaluate whether measures of total body BMD were

influenced by changes in fat mass. The reason for questioning the accuracy of the BMD



measurements was that they had previously found that changes in total bone mineral content
correlated positively with changes in body weight, whereas a loss of weight was associated
with an increase in BMD. The increase in BMD arose from a reduction in measured bone
area, and this was implausible since the bone area would not be expected to change. To test if
fat would influence the BMD results, lard was wrapped around the limbs of volunteers (and a
phantom) simulating weight changes. Spurious increases in BMC and areas were found,
whereas BMD fell slightly, although there had been no true change of bone variables. The
measurements were performed by use of a Hologic QDR 1000W DXA-apparatus, but in a
later similar study with a Lunar DPX machine, BMD was not affected. Whether changes in fat
mass could affect the projected area on the femoral neck or trochanter and, thus, BMD in
these ROIs were, however, not evaluated.

It has previously been shown that fat mass of the paretic leg and arm may increase and
that lean mass may decreases after stroke.®® This was also the case in our study.109 Thus, to
evaluate possible fat related artefacts, which might have influenced our BMD-measurements
in paper 1, we compared the bone area of the femoral neck and the trochanter measured at
baseline and one year later. The results are presented in table 4, showing that no significant
changes had appeared during follow up, neither in our total population of stroke patients or in

the most impaired patients (FAC 1) most prone to changes in fat mass.
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TABLE 4. Mean bone area (cm?) and standard deviation (SD) in the proximal femur at baseline and after 1 year
in the paretic and non-paretic leg in all patients followed and in the most impaired patients, separalely.

FAC at baseline  Anatomic site Area at baseline  Area at 1 year p value
mean (SD) mean (SD) (paired t-test)
FAC 1-6 (n=40)  Paretic leg Femoral neck 5.3(0.7) 5.4(0.7) 0.7
Trochanter 14.1 (3.6) 14.4 (3.2) 0.4
Non-paretic leg  Femoral neck 5.5(0.7) 5.4(0.7) 03
Trochanter 14.2 (2.6) 14.2 (2.8) 0.9
FAC 1 (n=17) Paretic leg Femoral neck 5.5(0.8) 5.5(0.9) 0.9
Trochanter 14.5 (4.2) 13.7(3.9) 0.3
Non-paretic leg  Femoral neck 5.6 (0.8) 5.6(0.8) 0.8
Trochanter 14.2 (2.6) 14.4 (2.8) 0.7

However, in the proximal humerus of the patients who had a paralysed arm at baseline
(855=0) we did find indication of a decreased size of the measured area (table 5). In case this
was due to an artefact the result would be an underestimation of the BMD reduction. Our
results in paper III can therefore not be explained by measurement artefacts due to increased

fat in the paretic arm.

TABLE 5. Mean bone area (cm?) and standard deviation (SD) in the proximal humerus at
baseline and after 1 year in the paretic and non-paretic arm in all patients followed and in the
most impaired patients, separately.

SSS arm at baseline  Anatomic site Area at baseline  Area at | year p value
mean (SD) mean (SD) (paired t-test)
0-6 (n=28) Paretic arm 353 (6.6) 34.3(9.3) 0.4
Non-paretic arm 385(9.2) 38.4(9.3) 0.9
0 (n=9) Paretic arm 38.0(9.1) 33.3(7.5) 0.05

Non-paretic arm 41.2(8.4) 39.7(7.8) 0.5

o
(-]



Proper positioning of the patient is very important when bone densitometry is
performed. With respect to measurements of the proximal femur, the foot block provided by
the manufacturer helps to keep the leg in an optimal inward rotation of 15 degrees. It may,
however, be inadequate to prevent femoral rotation completely, as the patient may still be able
to rotate his ankles even though the feet are secured to the block by Velcro straps. The rotation

of the femur may affect the bone mineral measurements. Goh et al,,'"?

measuring fresh frozen
cadaveric femurs, found that both BMD and BMC at 30 and 45 degree of internal and external
rotation were higher than the values at neutral position, highest at 45 degree internal rotation.
The explanation was that the femoral neck length in the scan image becomes progressively
shorter when the angle of rotation is increased. This in turn increase the depth of the femur
neck exposed to the X-ray beam, thus giving increased BMD and BMC readings.

The most appropriate femoral orientation for DXA scan of the femoral neck is the
neutral position, which, in vivo, can be achieved rotating the legs internally 15 degree.
Svendsen et al.'!! found in their in vivo study of 10 pre- and 10 postmenopausal women, that
mean BMD of the femoral neck was not influenced by rotation from 0 to 45 degree inward
rotation, whereas with 45 degree outward rotation the BMD increased significantly by 5% to
11%. BMD of trochanter was less influenced.

Stroke patients may over time develop strong spasticity with inward rotation, and
according to Goh et al."'® but not Svendsen et al.!"! this may, therefore, interfere with the
BMD-measurements. However, the bone loss of the femoral neck is then underestimated, and
this bias can therefore not explain our results (paper 1). To our knowledge, no study has
evaluated the effects of rotation of the arm on the BMD readings of the humerus.

In paper 111, BMD of the proximal humerus, head and spine were derived from the total
body scan. Whole body scans using larger pixel size than regional scans may be more prone to

a certain artefact as reported by Rubenoff et al.'** The artefact arises when pixels that include
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variance model). In men, there were still no statistical significantly differences in BMD of the
femoral neck after adjustments. Because of the limited number of cases we did not believe
that it was prudent to include all variables (from table 1, paper IV) in the analysis of risk for
stroke.

As discussed in the paper, the information about some of the possible confounders was
not so detailed that residual confounding can be excluded. One example is information about
physical activity. Because acute stroke patients often are confused, and more of our patients
had aphasia or cognitive dysfinction such as amnesia, it was not possible to ask complex
questions about their previous physical activity level. We considered the use of walking aids
as a reasonable marker of current physical activity, but this leaves, of course, an ample room
for residual confounding. This is, however, only important if a causal relationship is

considered. The implications of our findings for rehabilitation are unchanged.

Power and chance

Theoretically, the sample size needed to show a BMD loss of for example 10% (e.g., a
change from 1.0 g/cm? to 0.9 g/cm?® (SD 0.1)) using a paired t-test has to be at least 3 (a0 =
0.05 and B = 0.20). Our study was therefore large enough to detect clinical significant changes
within the groups followed. However, to show a difference of 10% between two groups (using
a two sample t-test, and the same criteria as mentioned above) the number of people in each
group has to be at least 16. The size of some of our subgroups was therefore too small to
expect that significant differences between groups could be found. Nevertheless, when
contrasting the groups in our one-way analysis of variance, the main results demonstrated a
distinct pattern of different rates of bone-loss according to paresis and FAC or SSS status

(paper I-111), which cannot be explained by lack of statistical power.
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With respect to the case control study (paper IV) the minimum sample size of each
group to demonstrate an OR = 2, comparing two groups (a case and a control group, 1:3) was
90:270. In our analysis of the men, we may therefore have accepted a false null-hypothesis,
but regarding the women, the linear trend over the BMD quartiles cannot be related to power
problems.

There is always a risk, especially when multiple comparisons are performed, that a
significant result has been achieved by chance. To reduce the risk of rejecting a true null
hypothesis (type I error) one may therefore adjust for multiple comparisons. However, the
possibility of accepting the null hypotheses when, in fact, a difference exists (type II error) is
then, simultaneously, larger. We did not adjust for multiple comparisons, first, because the
statistical tests performed were a consequence of the hypothesis stated before the study was
initiated, second, because an adjustment for multiple analyses may lead to more errors of

interpretation when the data under evaluation are actual observations."'

Other considerations with respect to our measurements

Time of the 1* measurement

BMD in the patients was measured approximately 1 week after stroke onset, and one
concern may be that some bone loss had occurred already within this period of time. There
was, however, no difference between the BMD values of the paretic and the non-paretic side
at baseline. Furthermore, as the mean bone loss after 2 months in the most impaired patients
was 7% in the proximal humerus and 3% in the femoral neck (and only significant in the

latter), it is unlikely that any significant bone loss took place before the first measurement.
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Measurement of bone mineral density in the upper and lower part of the femoral neck
The Lunar program used to assess BMD in the upper and lower part of the femoral neck
has previously been used to study BMD in healthy women and men,'*? to assess prospectively
the risk of hip fracture,'** and in a large European cross-sectional study to explore possible
age related differences in BMD loss in these two parts of the neck.'** It is, however, still an

experimental software, and further studies of its validity are strongly needed.

Gait and weight distribution in standing

We classified the patient’s ability to walk by use of the scale “Functional Ambulation
Category”. The scale assess whether the patient is able to walk 6 meters, and the amount of
human assistance eventually needed when ambulating. We did not assess how often the
patients were in a standing position, how often they walked and how far, which is clearly a
limitation when studying the effect of weight bearing.

Our assessment of asymmetrical weight bearing is also somewhat limited. The BPM
provides measurements of the lefi-right weight distribution only during static standing, and
only during a short period of time (30 seconds). Whether the patient stands more or less
asymmetrical after a longer time is unknown. Moreover, the measurement of weight
distribution when standing may not be related to dynamic activities such as walking. It has
been shown that improvement in the proportion of weight born by the hemiplegic limb during
standing may not result in a concomitant improvement in interlimb symmetry during
walking.'®® Our test of asymmetrical weight bearing may therefore underestimate the
asymmetry in the patients usual gait pattern. In addition, the influence of weight bearing on
the paretic leg during walking might be even more important as bone adaptation is driven by

dynamic rather than static loading.'*
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SSS and spasticity

The SSS-subscore is not a specific test of muscle strength, neither is muscle
performance during function directly measured. However, the test provides an overall
indication of motor loss and recovery. Similar tests have previously been found to correlate
with different functional tests and indexes. Feigenson et al.'*’ found that weakness (mild,
moderate or severe) was a powerful predictor of dressing, feeding and hygiene performance
after stroke. Furthermore, Bohannon'*® points out in a review paper that the Barthel index
correlates significantly with muscle weakness afier stroke in several studies. A general
problem in measuring muscle strength in stroke patients is, however, that it may be difficult to
find a standardised position to measure the strength and that some patients cannot cooperage
sufficiently. Another problem is that spasticity may interfere with the measurements.

A reliable measurement of spasticity may be difficult to obtain due to patient variability.
Inter- and intra-rater agreement of the modified Ashworth scale has, however, been proved to

be good when tone of the elbow flexors are tested in stroke patients.ws']39
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External validity

Based on estimations from the Tromse population (paper IV), about half of all patients
with acute stroke were eligible for our study of change in BMD in the proximal femur after
stroke (paper I-IT). Not eligible were e.g., patients who had been unable to walk prior to the
stroke, patients with a previous stroke and unconscious patients. Their baseline BMD value
may have differed from that of the patients participating in the study, but there is no reason to
expect that the bone loss should differ substantially from what we found in our study
population; if anything it might be even larger in the most severely impaired patients (e.g., the
unconscious patients). With regard to the change in BMD in the proximal humerus after
stroke (paper III), only patients who were unable to walk one week after the stroke event were
included. It is possible that this has resulted in a higher mean BMD-reduction in this study
group than in the average stroke patient able to walk one week after the stroke.

Other factors that may threaten the external validity of our study (paper I-IIT) are that
stroke patients living in Northern Norway, with long winters and icy roads, may have less
outdoor activities (and sunlight exposure) than people with stroke living more south. Thus, it
is possible that patients who live under warmer climatic conditions have a somewhat smaller
BMD-reduction than our patients.

The generalizability of our findings with regard to high stroke risk in women with low
BMD (paper IV) is, as we have discussed above, open to some debate and needs

conformation.
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PREVIOUS STUDIES COMPARED WITH OURS

As reviewed in the introduction, very few studies have prospectively assessed changes
in BMD after stroke. One study conducted in Sweden by Ramnemark et al.*? is to some extent
comparable, and the BMD loss found in the paretic and non-paretic leg in our wheelchair
bound patients corresponds to the bone loss in their study. The Swedish group did, however,
only include stroke patients generally immobile and the influence of motor function or
ambulatory level could therefore not be examined appropriately. We included patients at
different ambulatory levels and showed that ambulatory status at baseline was independently
associated with the changes in BMD. Moreover, the effect of walking was further
strengthened as a statistically signiﬁcan_t trend with ambulatory level was demonstrated.

A major focus in rehabilitation of the hemiparetic stroke patient is the improvement of
balance through increased loading of the affected lower limb, resulting in a more symmetric
standing posture.'**'*> We showed that walking early after stroke and symmetrical weight
bearing in standing is also important for preserving bone mineral in the lower femoral neck.
The impact of weight bearing on BMD within the femoral neck has not been studied
previously, neither in stroke patients or other types of patients. Our findings are, however,
consistent with studies on physical activity showing that the osteogenic effects of training
seem to be quite specific to the anatomic sites at which the mechanical strains occur.'**'#

Osteoporosis in the paretic arm after stroke has been described previously (table 1), but
the results in the studies are conflicting with respect to the relationship between arm function
and bone loss. Some studies '** find that good functional status and muscle strength are

protective against bone loss,*>*2

and that spasticity is associated with bone loss on the
trabecular site.*? Other studies find no correlation between motor function and/or spasticity of

the arm and demineralisation.**** Also studies of patients with paresis due to a spinal cord
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injury presents inconsistent results. Kirateli et al.'"** describe significantly greater bone mass in
the arms of paraplegic subjects as well as quadriplegic subjects who habitually uses manual
wheelchairs, but reduced bone mass in quadriplegics who are unable to use a manual

1.% find reduced arm bone mass in both quadriplegic and

wheelchair. In contrast, Garland et a
paraplegic patients. An explanation for the contradictionary results in these studies on both
hemiplegic and spinal cord injured patients with arm paresis may be that some samples were
small. This might have involved group differences in activity, muscle strength, age, or some
other confounding factor which affects bone mass.

It has been discussed whether bone mineral from immobilised parts of the body may be
redistributed to other parts of the skeleton. Ramnemark et al,* who found a 6% significant
increase in BMD in the ultradistal radius of the non-paretic arm 1 year afier stroke, argued that
although this BMD change most likely was due to increased physical activity, a redistribution
of bone mineral from the paretic extremities might be another explanation. We did not find
that BMD of the proximal humerus on the non-paretic side increased. The BMD-change in the
head did, however, approach the level of significance, which may indicate that a redistribution
of bone mineral may have occurred in our patients. A similar increase in bone mass of the
head after immobilisation has also been found in other studies, as for example in people
volunteering in long duration bed rest.'*®

Both cross-sectional and longitudinal studies of stroke patients find greater proportional
losses in the upper limbs than in the lower limbs on the paretic side.”' 394344 This may be an
indication that rehabilitation aiming at regaining mobility after stroke is more effective at
arresting bone loss in the lower limbs than the upper limbs. Another explanation is proposed
by Kerr et al."** who suggests that different sites in the skeleton may have different

osteogenetic thresholds for loading, and that the load thresholds for the upper limb may differ

from those of the weight bearing bones of the legs.
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In paper IV we found that female stroke patients had lower BMD than population
controls, a result which is consistent with the results found by Browner et al.” However,
whereas Browner et al. showed that the risk was related to BMD of the calcaneus and
proximal tadius, we found that it was related to BMD of the proximal femur. Moreover,
compared with Browner et al. we found that the risk was somewhat higher (RR 1.9 per SD
decrease in BMD vs. 1.3).° With respect to men, we do not believe that the relationship

between BMD and stroke risk has been studied previously.
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IMPLICATIONS FOR CLINICAL PRACTICE AND FURTHER RESEARCH

Exercise as treatment to prevent bone loss?

There is an ongoing discussion related to the importance of bone density measurements.
Prospective studies have demonstrated a relationship between bone density and the incidence
of fractures, but because of the overlap of measurements obtained from osteoporotic and
control subjects, the predictive power of these absorptiometric variables may be somewhat
limited.?>"¥7"*® However, although factors other than low bone mass, such as fall-related
factors, and geometric and micro-architectural properties of the bone contribute to the risk of
fracture,**'*? low trauma fractures rarely occur in the absence of reduction in bone
mass, 153154
The results of exercise trials aiming to increase bone mass in elderly people are rather
disappointing,155 and prevention of severe bone loss is therefore important. As we show that
bone loss after stroke is related to impairment, future studies exploring if intensive exercise
and/or weight bearing in a standing position early after the acute event may prevent bone loss
(and fractures) are warranted. Furthermore, we need studies exploring whether different rates
of bone loss within the femoral neck after immobilisation are important with respect to hip
fracture. Moreover, differences in BMD of the upper and lower femoral neck may be related
to type of hip fracture. Duboeuf 133 found that both upper and lower femoral neck BMD
measurements were significantly predictive of trochanteric fracture, but only the upper
femoral neck BMD was related to cervical fracture. Some studies,'®2%!%¢ but not all,'” have
found that among stroke patients trochanteric fracture may be relative more common than
fracture of the femoral neck.

The advantage of exercise, next to the potential of preventing or diminishing the loss of

bone, is that risk factors for falls such as low muscle mass, muscle strength, poor balance and



coordination may be influenced simultaneously.'”’ Compared with individual factors, low
bone mass combined with other risk factors for fracture increase fracture risk substantially.'*
Because many stroke patients not only have low bone mass, but also are at increased risk of
falling,2*%° strategies for fracture prevention should include efforts to diminish the number
and severity of falls. Moreover, protection of the critical anatomic sites of the human body
(especially the hip) may be worth considering. Use of external hip protectors may reduce the
number of hip fractures considerably as shown in frail elderly adults.'*"'¢

A positive effect of exercise on bone mass seems only to be established if sufficient
calcium is available (>1000 mg/day).'®' It has been shown, at least in elderly Chinese women
with an extremely low calcium intake, that calcium supplements and load-bearing exercise
had a better treatment effect on BMD of the femoral neck than load-bearing exercises
alone.'® This may also be true for stroke patients where malnutrition is a frequent
problem.'?”"'%® Moreover, vitamin D supplementation may have an effect in these patients as
deficiency of this vitamin may be common and supplements may decrease the bone loss.'?!!?

A combination of exercise and bisphosphonates, known to be powerful inhibitors of
osteoclastic bone resorption,'¢? may be another intervention worth to explore. In spinal cord
injured patients, it has been shown that both pamidronate treatment during the first 6 months
and ambulatory status had significant effects on retarding the development of osteoporosis.''®
This combined effect has not been studied in stroke patients, but only recently it was shown
that etidronate therapy could prevent some of the bone loss in hemiplegic patients.'®* Within
56 weeks of treatment, BMD of the 2" metacarpal on the paretic side decreased by 2.3% in

the patients treated with etidronate and by 4.5% in the placebo group. Further studies on other

ROlIs of the skeleton are needed.



Low BMD in acute stroke patients. Is there a cause-effect relationship?

In our case-control study we confirmed the results of the study by Browner et al.” by
showing that women with acute stroke have lower BMD than population controls, and that
low BMD may predict stroke. Longitudinal studies in men are, however, still lacking.

Although cardiovascular diseases and osteoporosis are generally considered unrelated,
several studies now indicate that atherosclerosis and low BMD may be associated. In a study
of postmenopausal women it was found that low bone mineral content at the menopause was a
risk factor for increased mortality in later life, especially from cardiovascular disease.'®’

Vascular calcification occurs more often in women with osteoporosis.'®'% In a study
by Uyama et al.'® a significant correlation of plaque score with total cholesterol level and low
BMD was found in women, and the results suggested a relation between carotid
atherosclerosis and osteoporosis. The relationship has not been studied in men. Three other
studies have examined the association between aortic calcification and BMD. None of the
studies included men, and the results were rather contradictionary. 66168169

The association between cardiovascular disease and osteoporosis may also be related to
blood pressure. In a large study of 3676 women high blood pressure at baseline predicted
increased bone loss during the 3.5 years of follow-up.® A cross-sectional study of 47 men also
showed that blood pressure was inversely related to bone mass.'” In a recent study, Jorde et
al.'"”" showed that reduced intake of calcium was associated with high levels of serum
parathyroid hormone (PTH). Furthermore, this was associated with moderately reduced BMD
in the [umbar spine. In women, high levels of serum PTH was also associated with markedly
increased blood pressure. Whether changes in blood pressure are related to changes in BMD
has not been examined.

Diabetes is an established risk factor for cardiovascular diseases. Most studies, but not

all, have reported low BMD values in type | diabetes,'? and in postmcnopausal women it has
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been shown that while insulin-dependent patients had relatively low BMD, non-insulin-
dependent patients had higher BMD than normal women.'”* Results from the Nord-Trendelag
Health Survey '’ showed that women younger than 75 years with type I diabetes or with type
IT diabetes of long duration had an increased risk of hip fracture. In older men, there was an
increased risk associated with Type II diabetes of shorter duration. Whether the increased risk
was attributed to reduced bone mass was not determined.

However, although several lines of evidence suggest a link between BMD and
cardiovascular disease risk, it is at present unclear whether there is a cause-effect relationship
between low BMD and high risk of cardiovascular diseases. As is may be difficult to see how
BMD itself should affect the cardiovascular system, several investigators have argued against
a causal relation and suggested that low BMD is rather a marker of poor general health and

ageing 1% Further studies are, nevertheless, needed.
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CONCLUSION

This thesis highlights several clinically important questions related to bone loss the first
year following stroke and with regard to bone mass at stroke onset:

Lack of mobility and weight bearing early after stroke is an important factor for the
greater bone loss in the proximal femur on the paretic side. Relearning to walk within the first
two month after stroke, even with support of another person may, however, reduce the bone
loss after immobilisation.

The reduction in BMD in the femoral neck appears mainly to occur in the lower part of
the neck and on the paretic side. It depends on when or if the patients start to walk after
stroke, but also on the amount of body weight born through the paretic leg. Thus, measuring
the lower part of the femoral neck may give a better estimate of the impact of gait and weight
bearing than measuring the total femoral neck.

During the first year after stroke bone mineral is lost in the proximal humerus of the
paretic arm, but the loss depends on the initial degree of the paresis. However, stroke patients
who regain almost normal arm function within one year, despite being severely impaired
initially, loose less bone mineral than patients where a severe paresis persists.

Female, but not male, stroke patients have lower femoral neck BMD than population
controls. At present it is unclear if low BMD actually increases the risk of stroke in women or

reflects a poor health with both high stroke risk and low BMD.
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ERRATA

Paper I:
Reference 18 should be: Lindenstrem E, Christiansen LW, Hansen BR, Nielsen BW.

Reliability of Scandinavian Stroke Scale. Cerebrovasc Dis 1991;1:103-7.

Paper II:

Table 1, (Erratum, p 140): BMD at baseline in the lower femoral neck of the paretic leg in the

patients unable to walk at 7 months should be 1.01 (0.17).
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Within the First 12 Months after Stroke. A Longitudinal Study
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Abstract. Stroke patients have increased risk of hip
fractures. Nearly all fractures occur on the hemiplegic
side, and reduced bone mineral density (BMD) may be
an important predisposing factor. The aim of this study
was to investigate the degree of demineralization within
the first year after stroke, and to elucidate a possible
difference in patients with high versus low ambulatory
levels. Forty acute stroke patients were followed (17
initially wheelchair-bound and 23 initially ambulatory).
BMD was measured in the proximal femur bilaterally at
a mean 6 days, 7 months and 1 year after stroke onset
using dual-energy X-ray absorptiometry. Ambulatory
status was independently associated with changes in
BMD (p<0.005) 1 year after stroke. The 17 initially
wheelchair-bound patients had a significant 10%
reduction in BMD at the paretic side and 5% reduction
at the non-paretic side (p<0.001), while the 23 patients
initially able to walk had a significant loss (3%) only at
the paretic side (p=0.01). The analysis also indicated
that the major reduction in BMD took place within the
first 7 months. Two months after stroke 12 of the
wheelchair-bound patients had relearned to walk. At the
paretic side the | year changes in BMD in the patients
who stayed wheelchair-bound, the patients who re-
learned to walk within the first 2 months and the patients
who were able to walk throughout the study were 13%,
8% and 3%, respectively, and a statistically significant
trend with ambulatory level was found (p =0.007). This
study provides clear evidence that lack of mobility and
weight-bearing early after stroke is an important factor
for the greater bone loss in the paretic leg, but that
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relearning to walk within the first 2 months after stroke,
even with the support of another person, may reduce the
bone loss after immobilization.

Keywords: Bone density; Gait; Osteoporosis; Rehabili-
tation; Stroke

Introduction

Hip fractures are a serious and common complication of
stroke. The incidence of hip fracture in stroke patients is
2- to 4-fold higher than in the general population [1].
Nearly all fractures occur on the hemiplegic side [2,3]
and although the tendency to fall to the hemiplegic side
is clearly a risk factor, reduced bone mineral density
(BMD) may be another important predisposing factor
[4-6]. It has been well documented that long-term bed-
rest or immobility due to, for example, fractures or
spinal cord injuries leads to a reduction in BMD in the
lower extremities, especially during the first months of
immobilization [7-10]. Earlier studies of hemiplegic
patients have shown significant 4-7% differences in
BMD between the paretic and non-paretic femoral neck
or proximal femur [11-13]. This indicates that asym-
metric weight-bearing during standing or walking may
cause an accelerated bone loss at the hemiplegic side.
Stroke mainly occurs in the elderly population, where
osteoporosis often is already present, and an accelerated
bone loss in the paretic leg may be an important factor
for the increased prevalence of osteoporotic fractures in
these patients. Elucidating the rate of bone loss in the hip
and the influence of early mobilization is important for
later interventions. No longitudinal studies on this aspect
have previously been conducted.
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The aim of this present 1 year prospective study was
to investigate the influence of disuse and immobility on
the rate of bone loss and to reveal whether early weight-
bearing after stroke might prevent progressive bone loss.
This was done first by examining the changes in BMD in
initially completely wheelchair-bound stroke patients
versus patients who could walk shortly after the stroke,
and second by comparing the BMD changes in the
patients who stayed wheelchair-bound, the patients who
relearned to walk and the patients who were able to walk
throughout the study.

Subjects and Methods
Setting

The study consisted of acute stroke patients admitted to
the University Hospital in Tromsg, Norway, from
December 1995 to August 1997. All persons with
acute stroke from Mid- and Northern Troms, a well-
defined part of the county with 114 000 inhabitants, are
admitted to this hospital.

Subjects

Acute stroke patients aged 60 years or older who resided
within a 2 h drive from the hospital were considered for
recruitment. Patients who had not been able to walk
without personal support prior to the stroke were
excluded. Other exclusion criterias were few: previous
strokes affecting the sensomotor system, unconscious-
ness and terminal illness, presence of osteosynthetic
material in the femoral neck, a history of hip fracture,
and unilateral bone disease affecting BMD asymme-
trically, such as osteosarcoma and osteomyelitis.

Potential participants were identified among all
consecutive acute stroke patients. Patients who could
not walk within 1 week after stroke were recruited from
December 1995 to August 1997, and patients able to
walk without personal support within a week were
recruited from June 1996 to August 1997. Informed
consent was obtained from each participant according to
the Second Helsinki Declaration, and the trial was
approved by the Regional Committee for Medical
Research Ethics.

Methods

Bone Mineral Density Measurements. BMD was
measured using dual-energy X-ray absorptiometry
(Lunar DPX-L, version 1.3z; Lunar, Madison, WI) at
both proximal femora a mean of 6 days (SD 4) after the
stroke, and 7 months (mean 218 days, SD 20) as well as
12 months (mean 363 days, SD 20) after the first
measurement. The patients who could not walk 1 week
after the stroke were also measured at 2 months (mean
57 days, SD 7). To minimize interobserver variation, all

L. Jorgensen et al.

the scans were done by the same investigator (L.J.) and
all were analyzed by the same technician (L.W.) who, at
the time of the analysis, was not aware of the patient’s
paralyzed side and disability.

BMD was determined at the femoral neck area and the
trochanteric area as described in the Lunar manual. The
coefficient of variation (CV), determined by repeating the
BMD assessment on one woman by the same investigator
10 times on different days, ranged from 1.0% (neck area)
to 1.3% (trochanteric area). Furthermore, the precision
was tested by measuring BMD twice in 10 patients,
mean age 75 years (SD 7). The two measurements were
done consecutively during the same day with an
interval of a couple of minutes between the measure-
ments. Each subject was repositioned between each
scan. In this case the CV, where SD was estimated as

(z) + 72)%/(2N)

[14], ranged from 1.7% (neck area) to 2.7% (trochanteric
area).

The longitudinal drift assessed with daily phantom
measurements was <1%.

Functional Tests. The patient’s ambulatory level and
motor function of the lower limbs were assessed
immediately before the BMD measurements. We
classified the patient’s ability to walk using the scale
Functional Ambulation Category (FAC) [15], which has
proved to be useful in stroke rehabilitation [16]. The
scale assesses the amount of human assistance rather
than devices needed for ambulation, and scores from 1
(chairbound) to 6 (independent on both level and
nonlevel surfaces). Nonambulatory patients are either
wheelchair-bound (FAC 1) or unable to walk unless
supported by another person (FAC 2-3), while patients
categorized as FAC 4-6 are able to walk at least 6 m on
their own.

The motor function of the lower limbs was assessed
using the Scandinavian Stroke Scale (SSS) score [17,18].
The score is graded in five categories (0, paralysis; 2, can
move but not against gravity (severe paresis); 4, raises
leg with flexion in knee (moderate paresis); 5, raises leg
straight but with reduced strength (mild paresis); 6,
raises leg with normal strength (no paresis).

Statistical Analysis

The data were analyzed using the Windows 7.5 version
of the Statistical Package for the Social Sciences (SPSS).
Chi-square test was used for categorical values and
Student’s t-test for continuous variables. Analysis of
variance (ANOVA) was used to compare BMD changes
between FAC groups, and linear trends in reduction in
BMD according to FAC group were evaluated with
contrasts. ANOVA with repeated measurement design
was conducted to explore the independent effects of
time, functional level (FAC) and paretic/non-paretic leg
for change in BMD.



Changes 1n BMD after Stroke

Statistical correlations between FAC and SSS were
evaluated using Spearman’s rho (rs).

Results

Characteristics of the Study Subjects

Of 66 eligible patients, 65 agreed to participate. Within 1
year 12 patients died, 2 decided not to continue in the
study, and 2 who had been transferred to nursing homes
situated more than a 2 h drive from the hospital were, at
the time of the follow-up examination, too ill for the
long journey. Five patients were excluded during the
study: 1 had a hip fracture, 2 had new strokes and | had a
below-knee amputation. Additionally, we excluded 4
patients in the 1 year follow-up as 3 missed the 7-month
measurements due to severe illness and 1 had
unsatisfactory scans.

This left us with 40 patients. Table 1 shows that there
were no significant differences with regard to age, sex,
side of hemiparesis and BMD baseline values between
the group of patients followed for the entire year and the
other group of patients.

Among the 40 patients in the study sample, 17 were
wheelchair-bound (FAC 1) 1 week after the stroke and
23 were able to walk (12 with no personal support (FAC
4-6) and 11 with support from another person (FAC 2-
3)). There was no significant difference between the
BMD baseline values in the FAC 1 group and FAC 2-6
group (p=0.4), and also no significant difference with
regard to age (mean 74 years (SD 8) vs mean 75 years
(SD 7) respectively, p = 0.8). The male/female ratio in
the FAC 1 group did not differ significantly from that in
the FAC 2-6 group at baseline (11/6 vs 10/13
respectively, p = 0.2). There were also no significant
differences between the FAC 1 group and the FAC 2-6
group with respect to side of hemiparesis, smoking
habits or use of medication known to affect bone
metabolism and no statistically significant differences
between the BMD baseline values in the paretic leg and
the non-paretic leg (results not shown).

At the 2 month evaluation 12 of the 17 initially
wheelchair-bound patients had relearned to walk with or

Table 1. Panient characteristics at inclusion
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without personal support (FAC 2-6), and by 7 months all
but 1 had relearned to walk. The BMD baseline values of
subjects who were classified as FAC 1 and FAC 2-6 at 2
months after the stroke did not differ significantly
(p>0.6) (data not shown).

Changes in Bone Mineral Density

The BMD values decreased significantly in the 17
initially wheelchair-bound patients (FAC 1), both at the
paretic and at the non-paretic side, while patients able to
walk alone or supported by another person (FAC 2-6)
lost bone mineral only at the paretic side (Table 2).
Patients who at baseline were categorized in the FAC 1
group consistently lost more bone mineral at the paretic
side compared with patients in the FAC 2-6 group
(p<0.003) and adjusting for gender did not change the
results in BMD loss, neither for the 7 months nor for the
1 year evaluation. When contrasting the extremes, i.e.,
the paretic leg in the wheelchair-bound patients and the
non-paretic leg in the patients able to walk at baseline,
the difference in demineralization after 1 year was
substantial: 10% versus 1%.

ANOVA confirmed that both ambulatory status (FAC
group) (p<0.005) and paretic/non-paretic status of the
leg (p<0.02) were independently associated with
change in BMD. Furthermore, the analysis also indicated
that the major reduction in BMD took place within the
first 7 months and that no further statistically significant
reduction in BMD was found in the last 5 months of the
1 year follow-up (p>0.3) (Table 2).

We also compared the patients according to motor
function of the lower limbs at baseline. As the SSS
classification was highly comelated with the FAC
classification (rg = 0.9, p<0.001) the results were very
similar to those shown in Table 2.

When restricting the analysis to the 17 initially
completely wheelchair-bound patients (FAC 1) a
significant BMD reduction of 3% in the femoral neck
at the paretic side was seen already 2 months after the
stroke (p<0.05) (results not shown in tables). At the non-
paretic side the loss was 1% and not statistically
significant (p = 0.8). Five of the patients, still categorized

Patients followed Patients not Dufference
for 1 year followed for I year between groups:
(n = 40) (n =25) p value
Mean age, years (SD) 75 (8) 78 (7) 0.1
Sex (n; M/F) 21/19 9/16 0.2
Side of paresis (n; R/L) 19/21 10/15 0.6
Functional Ambulation Category (n; FAC: 1/2-6) 17/23 12/13 0.7
Parguic leg
BMD (g/cm?), mean (SD), neck 0.82 (0.15) 0.79 (0.18) 0.5
BMD (g./cm:). mean (SD), trochanter 081 (0.17) 0.79 (0.22) 08
Non-paretic le
BMD (g/cm?), mean (SD). neck 0381 (0.15) 0.80 (0.17) 0.8
BMD (g/cm:). mean (SD). trochanter 0.80 (0.18) 0.78 (0.22 08
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Table 3. Mean changes in BMD (g/cm?) in the femoral neck from b to the 1T 1 year after stroke according to ambulatory level

(FAC) at baseline and at 2 months

Ambulatory level n Paretic side Nonparetic side
Change at 12 months Change at 12 months
mean (95% Cl), and mean (95% Cl), and
% change % change

Wheelchair-bound (FAC 1) at baseline and by 2 months 5 —0.10 (—0-l|39; 0.00) —0.05 (—0.14; 0.04)

-5

Wheelchair-bound (FAC 1) at baseline but walks (FAC 2-6) by 2 months 12

Walks (FAC 2-6) at baseline and by 2 months

p value for linear trend

—0.07 (—=0.11; —0.03) —0.04 (—0.08; 0.00)
8 5

23 —0.02 (—0.04; —0.01) ~0.01 (—0.04; 0.01)
-3 -1

0.007 0.2

as wheelchair-bound (FAC 1) after 2 months, had a
BMD reduction of 13% at the paretic side and 5% at the
non-paretic side 1 year after stroke (Table 3). Probably
because of the few subjects in the analysis these changes
were of marginal statistical significance. The 12 patients
who relearned to walk within 2 months had lost 8% of
their bone mineral in the femoral neck at the paretic side
(p = 0.002) and 5% at the non-paretic side (p = 0.04) 1
year after stroke.

When we compared the 1 year BMD changes in the 5
patients who were still wheelchair-bound 2 months after
stroke, the 12 patients who relearned to walk within the
first 2 months, and the 23 patients who were able to walk
throughout the study, a statistically significant trend with
ambulatory level was found in the femoral neck at the
paretic side (p = 0.007), but not at the non-paretic side
(p=0.2) (Table 3). The results for the trochanteric site
were almost identical to the BMD changes in the femoral
neck (results not shown).

Discussion

This study investigates two clinically significant ques-
tions in a longitudinal design: first, whether the ability to
walk shortly after stroke influences the loss of bone
mineral over the following year, and, secondly whether
demineralization in the nonambulatory acute stroke
patients was affected by whether or not they relearned
to walk within the first 2 months. Our results clearly
indicate that ambulatory status both immediately after
the stroke and at 2 months are important.

We chose to determine the BMD in the proximal
femnur, since most studies conclude that measurements of
this site predicts hip fracture better than measurements
of other skeletal sites [6]. Earlier studies have compared
the bone mineral content (BMC) of the paretic and non-
paretic arm [19,20] or total BMC in the paretic versus
the non-paretic leg [19,21,22]. Only three studies, two
cross-sectional [11,12] and one longitudinal [13], have
measured BMD in the proximal femur in hemiplegic
patients. These studies show a 4-7% difference between
the paretic and non-paretic leg, and are thus in

agreement with our results. In the previous longitudinal
study [13] the BMD loss in the paretic and non-paretic
leg corresponded to the loss found in our wheelchair-
bound patients, but as only stroke patients generally
immobile were included, the influence of motor function
or ambulatory level could not be examined appropri-
ately. We included patients at different ambulatory
levels and showed that ambulatory status at baseline was
independently associated with the changes in BMD
(Table 2). Moreover, the effect of walking was further
strengthened as a statistically significant trend with
ambulatory level was demonstrated (Table 3).

In the wheelchair-bound patients the demineralization
was significant in both the paretic and the non-paretic
leg, indicating that the loss of bone mineral is a result
not only of the hemiparesis but also of a general
reduction in physical activity. Although a bilateral BMD
reduction as seen in paraplegia [8] might have been
expected, we found that the loss was significantly larger
in the paretic leg compared with the non-paretic leg. As
stroke patients often stand with more weight on the non-
paretic leg during transfers, this may explain the side-to-
side difference in our wheelchair-bound patients, and as
ambulant hemiplegic patients also have problems in
transferring weight to the paretic leg [23], this may also
be the reason why our patients who could walk at
baseline (FAC 2-6) had a significant bone loss only at
this side. Additionally, not solely the lack of weight-
bearing but also the lack of muscle pull at the paretic
side may be a possible explanation for the difference in
bone loss.

The loss of bone mineral after a spinal cord injury is
generally larger in the lower paralyzed limbs than the
loss demonstrated in the proximal femur in the stroke
patients included in our study [24]. The reasons may
include the fact that patients with spinal cord injuries are
often younger and that the patients commonly studied
have complete lesions making weight-bearing in
standing difficult. Thus, it was demonstrated in a
longitudinal study by Wilmet et al. [8] that in patients
with a complete lesion the bone loss in the lower limbs
as a whole attained 25% by the end of the first year,
while patients with a partial recovery, able to walk or
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stand in an upright position, had a mean loss of 10%
within | year.

In elderly people a mean decrease in BMD of 1-1.5%
per year is expected [25,26). We found a much higher |
year loss in the paretic leg (up to 13%). As a BMD
reduction of 10-15% compared with an age-matched
norm is associated with a 50~100% increase in the risk
of fracture [9], the bone loss in our population is clinical
important.

The participation rate of our study was high, as only
one subject eligible for participation decided not to be
enrolled. One important consideration may, however, be
the number of patients who did not participate in the
study for the entire year (n = 25) versus the patients who
did (n = 40). However, as the former group was not
significantly different at baseline from the latter, the bias
introduced in the study sample is probably limited. The
major cause for not completing the study was severe
disease or death, which was not unexpected considering
the age of the participants. The rate of recurrent stroke
and death following stroke was in fact low compared
with earlier Scandinavian studies [27,28), probably
because initially unconscious patients were not included
in our study. Also, for this reason our results can not be
generalized to this group of patients where an even
larger amount of bone loss may be expected due to lower
functional progression [29,30].

There were few stroke patients in some of the
subgroups. This has hampered the analysis and reduced
the statistical power. However, the main results, as
presented in Tables 2 and 3, demonstrate a distinct
pattern of different rates of bone loss according to
paresis and ambulatory status which can not be
explained by lack of statistical power.

The prospective design of our study avoids many of
the potential biases inherent in previous cross-sectional
studies estimating demineralization after stroke and the
effect of motor function or ambulation. By using each
subject as their own control, genetic and environmental
determinants of bone density are controlled for. There
might nevertheless be some limitations. Firstly, we only
followed the patients for | year. The fall in BMD may
continue for several years. Secondly, in the present
analysis we focused on the ability to walk. Factors other
than lack of mechanical stimuli, i.e., changes in the
sympathetic nervous activity affecting the paretic and
non-paretic side differently [31], may be of importance
in hemiplegic bone loss.

In our study we were not able to examine possible
differences in nutrition between subjects in the different
gait categories. If the groups differed substantially with
respect to food habits (i.e., differences in calcium and
vitamin D intake) this might to some extent explain the
differences between the groups consisting of subjects at
different ambulatory levels, but probably not the fact that
the bone loss was larger in the paretic than in the non-
paretic leg.

Treatments of osteoporosis include the use of vitamin
D and bisphosphonates (i.e., pamidronate). To our
knowledge only one trial has evaluated the effect of
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medication on bone loss after stroke. This study showed
that vitamin D and calcium supplementation prevented
further decrease in BMD in patients with a long-standing
stroke [32].

The effect of bisphosphonates, known to be powerful
inhibitors of osteoclastic bone resorption [33], has not
been evaluated in stroke patients, but in a recently
published study on pamidronate treatment during the
first 6 months after a spinal cord injury it was shown that
both this treatment and ambulatory status had significant
effects on retarding the development of osteoporosis
[34]). Thus, future studies are warranted exploring
whether early weight-bearing in combination with
bisphosphonate treatment may be a regimen of choice
to prevent bone loss and hip fractures in stroke patients.

In conclusion, this study provides clear evidence that
lack of mobility and weight-bearing early after stroke is
an important factor in the greater bone loss in the paretic
leg. Intervention studies are needed to determine
whether early mobilization with focus on exercises in a
weight-bearing position can prevent or reverse bone loss
in the most impaired stroke patients, as our results may
suggest.
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Ambulatory Level and Asymmetrical Weight Bearing After
Stroke Affects Bone Loss in the Upper and Lower Part of the
Femoral Neck Differently: Bone Adaptation After Decreased

Mechanical Loading
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The aim of this 1-year prospective study of acute stroke
patients was to determine the effects of walking and asym-
metrical weight bearing on the loss of bone mineral in the
upper and lower femoral neck. Forty patients were followed.
Eight remained unable to walk, whereas 32 relearned to walk
independently within 7 months (12 shortly after the stroke,
15 by 2 months, 5 by 7 months). Bone mineral density (BMD)
was measured in the proximal femur within the first week
after stroke and 1 year later; regional BMD changes were
computed for the lower and upper femoral neck. The lower
part of the femoral neck is mainly influenced by compressive
stresses of the hip, the upper part by tensile stresses during
walking. When comparing mean BMD loss in groups of
patients according to when they relearned to walk, a statis-
tically significant trend in BMD loss was found in the lower
femoral neck on both the paretic and nonparetic sides (p <
0.01 and p = 0.01, respectively), whereas, for the upper
femoral neck, no significant trend was seen (p = 0.1). In
addition, the body weight distribution during standing was
assessed by use of a force-plate in 38 patients who could stand
independently at the 7 month evaluation. The only significant
correlation between changes in BMD and asymmetrical
weight bearing was found in the lower femoral neck on the
paretic side (r = 0.6, p < 0.001). In conclusion, this study
shows that the reduction in BMD in the femoral neck occurs
mainly in the lower part of the neck and on the paretic side.
The BMD loss depended on when or if the patients relearned
to walk, but also on the amount of body weight born on the
paretic leg. Thus, measuring the lower part of the femoral
neck gives a better estimate of the impact of gait and weight
bearing than measuring the total femoral neck. (Bone 27:
701-707; 2000) © 2000 by Elsevier Science Inc. All rights
reserved.

Key Words: Bone mineral density (BMD): Gait; Osteoporosis;
Stroke; Weight bearing.

Introduction

The incidence of hip fracture in stroke patients is two- to fourfold
higher than in the general population® and nearly all the
fractures (80%—100%) occur on the hemiplegic side.*832

It has been well documented that immobility leads to a
reduction of bone mineral density (BMD) in the lower extremi-
ties," 17232735 and in an earlier longitudinal study of stroke
patients we showed that the loss of bone mineral in the femoral
neck was significantly higher on the paretic side as compared
with the nonparetic side. The bone loss was dependent on the
patient’s ambulatory level at baseline and whether the patient had
relearned to walk 2 months after the stroke.!®

The level of impairment following stroke differs greatly
between patients; that is, in some individuals, the ability to walk
is not affected at all, others relearn to walk within a few months,
and some remain completely wheelchair-bound. In addition,
many embulatory patients walk asymmetrically with less of their
body weight carried. through their affected leg.*''® Measure-
ments of BMD in the femoral neck is a strong predictor of hip
fractures™¥25 and therefore it is important 1o elucidate how
changes in mechanical loading (length of time ambulating and
asymmetrical weight bearing) might influence the loss of bone
mineral.

It is unknown whether the changes in BMD after stroke are
uniform across the femoral neck or whether there are regional
differences. The trabeculae of the cancellous tissue are usually
oriented so as to resist axial deformational stresses (either from
weight bearing or from muscle activity) and their number, size,
and distribution are related to these forces.*® Pauwells™ analyzed
the strains in the femoral neck and showed that the stresses
increase more strongly toward the medial (lower) border than
toward the lateral (upper), and that the greatest stresses arise on
the medial side of the femoral neck. The density of the cancellous
tissue and the thickness of the cortex have a corresponding
distribution: the cancellous tissue is denser and the cortex much
thicker on the medial than on the lateral side, as seen in Figure
1. Therefore. if the femoral neck is remodeled according to the
changes in mechanical loading one should expect to find the

Address for correspondence and reprints: Dr. Lone Jorgensen, Institute
of Community Medicine. University of Tromso. N-9037, Tromse. Nor-
way. E-mail: lone jorgensen@hitos.no

© 2000 by Elsevier Science Inc
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largest changes in BMD in the lower part of the femoral neck in
patients at the lowest ambulatory level, and a stronger association
between asymmetrical weight bearing and changes in BMD of
the medial (lower) part of the femoral neck than in the lateral
(upper) part. Not only from a biomechanical, but also from a
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Bone loss in the upper and lower femoral neck

Figure 1. Image from the HSA program. (A) Upper femoral BMD ROI.
(B) Lower femoral neck BMD ROIL. The region is selected as the
standard femoral neck ROI bisected by the neck midline.

clinical point of view this area of study is important to investi-
gate, as measurements of the lower femoral neck may give us a
better estimation of the impact of physical activity on BMD
changes in the hip than measurements of the total femoral neck.

In a previous study, we showed that ambulatory status early
after stroke is an important determinant of bone demineralization
in the femoral neck.'? The first aim of the present study was to
investigate whether changes in bone mineral density in the lower
femoral neck (mainly influenced by compressive stresses of the
hip) differ from the changes in the upper femoral neck (mainly
influenced by tensile stresses) according to when or if the
patients started to walk after the stroke. The second aim was to
examine whether asymmetrical weight bearing following stroke
was associated with an accelerated bone loss, especially in the
lower part of the femoral neck on the paretic side.

Subjects and Methods
Subjects

The patients and recruitment procedures have been described in
detail elsewhere.'? In brief, the patients had acute stroké, were
=60 years of age, and lived in the county of Troms, Norway.
They were recruited from December 1995 to August 1997.
Patients who had not been able to walk without personal support
prior to the stroke were excluded. Other exclusion criteria in-
cluded: previous strokes affecting the sensomotoric system; un-
consciousness and terminal illness; presence of osteosynthetic
material in the femoral neck: history of hip fracture: and unilat-
eral bone diseases affecting BMD asymmetrically, such as os-
teosarcoma and osteomyelitis. Informed consent was obtained
from each participant according to the Second Helsinki Decla-
ration, and the trial was approved by the regiona! committee for
medical research ethics.

Methods

Bone mineral density measurements. BMD was measured using
dual-energy X-ray absorptiometry (Lusar DPX-L, version 1.3z,
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Lunar, Madison, W1). The proximal femur was measured on both
the paretic and nonparetic side, on average 6 days after the stroke
(SD 4 days) and again at 12 months after the first measurement
(SD 20 days). To minimize interobserver variation due to re-
peated scannings all patients were scanned by one operator.
Standard analysis, as described by the Lunar operator's manual,
was initially performed to calculate the changes in neck BMD.'?
The image files were then reanalyzed using a B version of the
Lunar hip strength analysis (HSA) program (version 83.7). This
software has been used previously to study BMD in healthy
women and men,”’ and to assess prospectively the risk of hip
fracture.'" To evaluate regional changes in femoral neck BMD,
upper and lower BMD values were chosen from the HSA output
(Figure 1). To assess the precision of repeated scannings, ten
stroke patients (mean age 75 years) were scanned twice on the
same day. All subjects were removed from the table between the
scans to allow for repositioning errors. The coefficient of varia-
tion (c.v.) for the upper BMD was 3.7%, and for the lower BMD
1.1%. These figures are comparable to that obtained for the
standard neck region of interest (ROI) for the same data set (c.v.
= 2.1%).

Machine stability was monitored daily using the Lunar alu-
minum spine phantom and longitudinal changes in phantom
BMD were shown to be <1% during the year.

Gait. An evaluation of the patient’s gait ability was made at
baseline and at 2, 7, and 12 months after stroke. We classified the
patient’s ability to walk by using the “Functional Ambulation
Category™ (FAC) scale,'® which has proven to be useful in stroke
rehabilitation.'® The scale assesses the amount of human assis-
tance rather than the devices needed for ambulation, and scores
from 1 (chairbound) to 6 (independent on both level and nonlevel
surfaces). Patients who are unable to walk unless supported by
another person are categorized as FAC 2-3, whereas patients
who are able to walk at least 6 meters on their own are
categorized as FAC 4-6.

Measurements of weight distribution in standing. As the
FAC scale does not reflect any aspects of asymmetrical posture,
we assessed patients’ body weight distribution during bilateral
standing using the Balance Performance Monitor (BPM, SMS
Healthcare, Elizabeth House, Harlow, UK). The BPM provides
measurements of the left-right weight distribution, and “mean
Feweight-bearing” is defined as the average percentage of total
body weight born on each leg during standing throughout the
test. The equipment consists of two movable footplates linked 1o
the rear of the display console and an IBM-compatible computer
with DATAPRINT, v3.00 software. The measurement sensitivity for
all tests was standardized for “sensitivity X |” and with a
sampling frequency of 300 Hz.

During the test the patients wore their normal shoes and were
assessed while standing with one foot on each of the footplates.
The feet were parallel and kept a uniform distance apart (7 cm),
the medial malleoli aligned with a transverse line on the. foot-
plates. If needed, help was given 1o position the feet, but the
standing posture was not corrected. The test lasted for 30 sec
during which the patients were asked to stand still with their arms
by their side and their gaze fixed on a dot on the wall at a
distance of 2 meters. The BPM display was positioned away
from the patient so that the subject did not receive any feedback
during the test.

The precision was tested by measuring the left-right weight
distribution twice in ten stroke patients, mean age 77 years (SD
7). The two measurements were done consecutively during the
same day with 2-3 min intervals, and cach subject was seated in
a chair between cach measurement. The c.v. was 3.6%.
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Table 1. Mean bone mineral density (BMD, g/cm®) and standard deviation {SD) in the proximal femur at baseline in the paretic and nonparetic leg
and mean BMD changes from baseline to measurement after 1 year (95% confidence interval) in patients who could not walk at the 7 month

evalvation and patients who could walk

p-value for
Walks at 7 BMD at baseline Change at | year p value difference at lower/
months Anatomic site mean (SD) mean (95% CI) for change upper femoral neck
No (n = 8) Parenc leg Lower femoral neck 1.10(0.17) -0.14 (=0.19 to —0.09) <0.001 0001
Upper femoral neck 061 (0.13) —0.06 (—0.10 10 —-0,02) 0.01
Nonparetic leg Lower femoral neck 1.07 (0.13) -0,06 (=0.14 10 0.02) 0.1 03
Upper femoral neck 0.64 (0.10) -0.03 (—0.07 10 0.02) 0.2 !
Yes (n = 32}  Paretic leg Lower femoral neck 1.00(0.17) ~0.03 (-0.05 10 —0.01) 0.003 06
Upper femoral neck 0.60(0.17) -0.04 (=0.07 10 —=0.01) 0.0}
Nonparetic leg Lower femoral neck 0.99 (0.18) 0.02 (—0.04 10 0.00) 0.1 03
Upper femoral neck 0.58 (0.15) =0.01 (=003 t0o —0.01) 0.5
As most patients relearn to walk within the first 2-3 months Results

after stroke'*20-3% we chose to use weight bearing at 7 months

after stroke as an integrated measure of symmetry for the period
the patients were followed.

Statistical Analysis

Data were analyzed using the Winpows 7.5 version of the
Statistical Package for the Social Sciences (SPSS). The Chi-
square test was used for categorical values and Student’s r-test
for continuous variables. Analysis of variance (ANOVA) was
used to compare absolute changes in BMD between FAC groups,
and linear trends in | year BMD changes according to FAC
group were evaluated with contrasts. Because of small number of
subjects in some of the subgroups, nonparametric tests were also
applied (Wilcoxon signed-rank test and Kruskal-Wallis test for
testing within-group and between-group changes, respectively).

Relations between individual “mean %weight bearing” and
BMD changes were evaluated using Pearson’s correlation coef-
ficient, and muitiple linear regression was performed to evaluate
the impact of FAC group and %weight bearing to changes in
BMD.

Characteristics of Study Subjects

Of the 66 eligible patients, 65 agreed to participate. Within 1
year, 12 patients died, 2 decided not to continue in the study, and
2 had been transferred to nursing homes situated at a >2 h
driving distance from the hospital. At the the time of follow-up
examination they were too ill for the long trip. Five patients were
excluded during the study: one had a hip fracture; two were
immobilized due to diabetic foot ulcers and below-knee ampu-
tation; and two had new strokes. In addition, we excluded four
patients as three missed the 7 month measurements due 1o severe
illness and one had unsatisfactory scans.

This left us with 40 patients, 21 men and {9 women, with a
mean age of 75 years (SD 8). Nineteen were paretic on the right
side and 21 on the left side. We found no significant differences
with regard to age, gender, side of hemiparesis. and bone mineral
density in the femoral neck at baseline when the group of 40
patients followed for the entire year and the 15 patients not
included in our analysis were compared (results not shown).

At 7 months. the distribution of the patients according to FAC
category (1-6) was [, 5, 2, 3, 9, and 20, respectively. Thus, 32
patients were able to walk with no personal support (FAC 4-6)

Table 2. Mean bone mineral density (BMD; glcme) and standard deviation (SD) at baseline and mean BMD changes from baseline to measurement
after 1 year (95% confidence interval) according to when patients began to walk after stroke

Paretic side Nonparetic side
BMD at BMD at Change at 12 months:
baseline Change at 12 months baseline Mean (95% CI). and
Time when walking n mean (SD) Mean (95% CI), and % change  p-value  mean (SD) G change p-value
{A) Lower femoral neck
Walked at baseline 12 09301 =001 (—004 10 0.03), ~1% 0.7 0.94(0.12) 0.00 (-0.04-0.03). 0% 08
Walked by 2 months 15 1041020 004 (-007 10 —0.01), =4% 0.01 1.01(0.23) =0.00 (=0.03-001),— 1% 04
Walked by 7 months 5 103(012) =008 (-0.1410 -0.02). =8% 0.03 1.02(0.10) 0.08 (—0.16-0.00),- 7% 0053
Immobile by 7 months 8 101017 —0.14 (=0.1910 —0.09). — 4% <0001 1.07(0.13) =0.06 (- 0.14-0.02). - 6% 01
p-value for hincar trend p < 0.001 p =001
(B) Upper femoral neck
Walked by baschine 052(14) =001 (00610 0.04), —2% 08 0.50(0.12) 0.00 (- 0030053, 0% 09
Walked by 2 manths 068(0.19) —006 (—0.1110 =0.02), -9% 0.01 0.63(0.18) 000 (-0.03-002) 0% 0.9
Walked by 7 months 5 0590t 004 (0101000, 7% 0.1 0.60 (0.06) =005 (=0.12-002) - 8% 01
Immobile by 7 months 8 061013 —006 (=010t0 —0.02), ~10% am 0.64(0.10) =003 (=007-002) =5% 0.2

p-value for lincar trend p=02

p=01
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7 months afier stroke, whereas 8 were still unable to walk alone
(FAC 1-3). There were no significant differences between the
FAC 1-3 group and the FAC 4-6 group with respect (o age,
gender, side of hemiparesis, use of medication known to affect
bone metabolism, or baseline BMD values, and no statistically
significant differences between the baseline BMD values in the
paretic and nonparetic leg (results not shown).

Changes in BMD According to Gait

Baseline BMD values for the upper and lower femoral neck are
presented in Table 1.

Both upper and lower BMD values on the paretic side
decreased significantly during the first year afier stroke (p =<
0.01), irrespective of whether the patients could walk or not
within the first 7 months. On the nonparetic side, the changes in
BMD were not significant (Table 1).

In the patients unable to walk 7 months after stroke the | year
BMD change was significantly higher in the lower femoral neck
than in the upper femoral neck on the paretic side (p = 0.001).
On the nonparetic side, and on the paretic side in the patients who
walked by 7 months, no significant differences between the
lower and upper femoral neck were found (p = 0.3). The
immobile patients lost significantly more bone mineral in the
lower femoral neck on the paretic side compared with patients
who could walk by 7 months (p < 0.001). In contrast, there were
no significant differences between the two groups (FAC 1-3 and
FAC 4-6) with respect to BMD changes in the upper femoral
neck (p = 0.5), and also, on the nonparetic side, no significant
between-group changes were found (lower neck, p = 0.1; upper
neck, p = 0.4).

Among the 32 patients who could walk at the 7 month
evaluation, 12 had been able to do so at baseline (FAC 4-6
throughout the study), 15 had relearned to walk by 2 months
(FAC 1-3 at baseline but FAC 4-6 by 2 months), and 5 by 7
months (FAC 1-3 at baseline and at 2 months, but FAC 4-6 by
7 months). Only one of the eight patients described as immobile
by 7 months (FAC 1-3 at baseline, 2, and 7 months) relearned to
walk by 12 months. When comparing the BMD changes between
these groups | year after stroke, a statistically significant trend
was shown for the lower femoral neck on both the paretic and
nonparetic sides (p < 0.01 and p = 0.01, respectively), whereas,
for the upper femoral neck, no significant trend was demon-
strated (p = 0.1) (Table 2, parts A and B)

Correlation Benveen Changes in BMD and Asymmetrical
Weight Bearing

At the 7 month evaluation weight bearing was measured in 38 of
the patients, whereas the remaining 2 patients were unable to
stand unsupported. The 32 patients who could walk indepen-
dently were standing with significantly more of their body
weight on the paretic leg compared with the 6 immobile patients
who, although not able 10 walk independently, could stand
unsupported for 30 scc ("7 weight bearing” mean 35% vs. mean
48%, p = 0.003). The amount of load on the paretic leg also
depended on when the patients relearned to walk, with increasing
asymmetry in the patients who walked late or stayed immobile
p = 0.001 (for linear trend) (Table 3).

The corrclation between asymmetrical weight bearing and
BMD changes in the lower as well as the upper femoral neck.
measured in the 38 patients who could stand unsupported by 7
months, is presented in Figure 2. The only significant correlation
between “%weight bearing™ and change in BMD was that with
the fower femoral neck on the paretic side (r = 0.6, p < 0.001).

Muiple linear regression analysis confirmed that both the
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Table 3. Meuan percent weight on the paretic leg at 7 months in 38
patients who were able 1o stand independently, according 10
when they began to walk after the stroke

% weight on the paretic leg

Time when walking n mean (SD)
Walked by baseline 12 51(6)
Walked by 2 months 15 48(11)
Walked by 7 months 5 43(10)
Immobile by 7 months 6 35(10)
p-value for linear trend 0.001

time the patients started to walk and the amount of weight borne
through the leg independently affected the 1 year change in BMD
in the lower femoral neck on the paretic side (p = 0.003 and p =
0.02, respectively). In contrast, no significant effects of when the
patients started to walk or “%weight bearing” were found in the
lower femoral neck on the nonparetic side (p = 0.1 and p = 0.4,
respectively). Also, in the upper femoral neck, no statistical
significant effects with regard to the time patients began to walk
or the amount of weight bearing were found either on the paretic
side (p = 0.4 and p = 0.7, respectively) or on the nonparetic side
(p = 0.3 and p = 0.8, respectively). These results changed only
slightly when adjusting for gender, age, and right or left paresis,
both at the lower femoral neck on the paretic side (p = 0.006 and
p = 0.03, respectively) and for the other sites (0.3 < p < 0.8).

Because of the small number of subjects in some of the
patient groups, we also applied nonparametric tests. All the
patterns of BMD loss presented in the tables were confirmed, and
all associations that were statistically significant (p < 0.05) when
r-tests were applied remained statistically significant, with p-
values ranging from 0.003 to 0.04.

Discussion

To our knowledge no previous study has evaluated the effect of
immobilization or asymmetrical weight bearing on BMD
changes in the lower vs. the upper femoral neck region of interest
(ROI). We have shown previously that ambulatory status after
stroke is an important factor for the loss of bone mineral in the
femoral neck.'® We now demonstrate that BMD loss after im-
mobilization is site-specific even within the femoral neck, with a
greater loss in the lower than in the upper part. The bone loss in
the lower femoral neck on the paretic side is related 1o when (if
at all) the patients begin to walk after stroke as well as to
asymmetrical weight bearing when standing.

The local loss of bone mineral in the femoral neck on the
paretic side may be a result of both diminished muscle activity
and decreased weight bearing. No muscles attach to the femoral
neck itself, but several muscles acting on the hip during normal
gait may influence BMD of the femoral neck indirectly. Thus,
BMD of the lower femoral ROl may be affected by muscles
inserting into the lesser trochanter, whereas muscles inscrting
into the greater trochanter may affect mainly the upper ROL.
However, as all muscles of the hip on the paretic side are more
or less impaired in hemiplegic patients, the net loss of mechan-
ical loading within the femoral neck due to the lack of muscle
contractions may be difficult to predict. In the present study we
found that the most impaired patients have extensive significant
BMD loss in both ROls. The loss of bone mineral is, however,
greater in the lower than in the upper ROl and one possible
explanation is that, in addition to the loss of muscle pull, subjects
who are unable to walk hardly get any effect of weight-bearing
attributable to ground reaction forces. According to Pauwells™
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Figure 2. Relations between individual mean % weight bearing at 7 months and BMD changes from bascling to 1 year in 38 stroke patients able to s|an_d
unsupported at 7 months after stroke. (A) Lower femoral neck, paretic side. (B) Upper femoral neck, paretic sndc_. (C) Lowgr femoral 1.1cck. nonparetic
side. (D) Upper femoral neck, nonparetic side. Each symbol represents one subject. The line indicates the linear relationship: r is the Pearson’s

correlation coefficient.

and Lotz et al.>* compression stresses within the femoral neck
are mainly transmitted through the base of the femoral neck and
the medial intertrochanteric region during gait, and these theo-
retical models may thus explain why we noted nonuniform bone
loss. We believe that our results further support these theories, as
we have also shown that changes in weight bearing affect BMD
in the lower part of the femoral neck more than the upper part
(Figure 2). In addition, our findings are consistent with studies on
physical activity showing that the osteogenic effects of training
seem to be quite specific to the anatomic sites at which the
mechanical strains occur.*!+>?

It may be argued that BMD loss in the lower femoral neck, as
opposed to the upper region, is caused in part by the differences
in baseline BMD values (highest in the lower neck). We dem-
onstrated, however, a pattern in bone loss from similar baseline
values, which cannot be explained by differences in BMD
baseline values {Table 2). In contrast, the pattern in the lower
femoral neck on the paretic side refated distinctly to the interval
before the patient began to walk, whereas the upper did not.

The lower femoral neck consists of relatively more cortical
than cancellous bone than the upper part,™ and one may there-
fore speculate thut the demineralization is influenced by the
different proportions in 1ypes of bone tissue. A decrease of BMD
in the weight-bearing skeleton occurs generally. howes er, more
rapidly in trabecular bone compared with cortical bone, at least
during the first months of immobilization.?® Thercfore, accord-
ing to this theory, we should have found the largest demineral-
ization in the upper part of the neck, which was not the case.

Among all groups of patients compared with respect to

ambulatory status, the greatest bone loss (mean 14%) was found
in the lower part of the femoral neck on the paretic side in those
still immobile after 7 months (Tables 1 and 2). Because these
patients were not able to walk independently we also expected to
find a demineralization in the nonparetic leg. However, the loss
of 5%-6% was not statistically significant (p = 0.1), most
probably due to the small sample size and large sample varia-
tions. As the BMD loss was significantly larger on the paretic
side compared with the nonparetic side, some loss of bone
mineral on the latter side may have been prevented through
activities other than walking (e.g.. asymmetrical weight bearing
during transfers). Standing with less body weight on the paretic
leg necessarily associates with more weight through the nonpa-
retic leg. Still, we did not find increased BMD values on the
nonparetic side in any group of patients, regardless of ambulatory
level. and the most reasonable explanation for this is the patients
were generafly physically inactive.

A major focus in rehabilitation of the hemiparetic patient i5
the improvement of balance through increased loading of the
affected lower limb, resulting in a more symmetric standing
posture.’** We have shown that walking carly after stroke and
symmetrical weight bearing during standing are also important
for preserving bone mineral in the lower femoral neck.

The total bone loss in humans after the age of peak bone mass
is estimated to be approximately 1%-5% per year,'>"" and the
observed loss (mean 4% in the fower femoral ncck on the
paretic side) must therefore be considered high and clinically
relevant. Dubocuf et al.'' found that both upper and lower
femoral neck BMD measurements were significantly predictive
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of trochanteric fracture, but only upper femoral neck BMD was
related to cervical fracture. However, some studies,>®*' but not
all,** have found that, among stroke patients, trochanteric frac-
ture may be relatively more common than fracture of the femoral
neck.

One possible limitation of our study is that the measurement
of weight distribution between the two legs on the force platform
is static, which may not relate 10 dynamic activities such as
walking. Improvement in the proportion of weight born on the
hemiplegic limb during standing may not result in a concomitant
improvement in interlimb symmetry during walking.*® Our test
of asymmetrical weight bearing may therefore underestimate the
asymmeltry in our patients’ usual gait pattern. In addition, the
influence of weight bearing on the paretic leg during walking
might be even more important, because bone adaptation is driven
by dynamic rather than static loading.**

Only one subject eligible for our study decided not to partic-
ipate, and the major cause for missing patients during follow-up
was, as expected, severe disease or death. Thus, the results seem
representative for the type of patients we studied. However, we
believe that our findings underestimate the BMD reduction
among average stroke patients, because initially unconscious,
highly impaired stroke patients were not included in the study.

A second consideration is the modest number patients in
some of the subgroups, which means that the power of the study
to demonstrate statistically significant differences is only mod-
erate. It is therefore likely that the nonsignificant reduction in
BMD found in many of our analysis would have been significant
if more patients had been included. However, the main results, as
presented in Tables 1 and 2, demonstrate a distinct pattern of
different rates of bone loss according to ambulatory status, which
cannot be explained by lack of statistical power.

In conclusion, this study highlights several clinically relevant
questions with respect to bone loss during the first year after
stroke: The reduction in BMD in the femoral neck occurs mainly
in the lower part of the neck and on the paretic side; it also
depends on when or if the patients start to walk after stroke, but
also on the amount of body weight placed on the paretic leg.
Thus, measuring the lower part of the femoral neck gives a better
estimate of the impact of gait and weight bearing than measuring
the total femoral neck.

As for preventing bone loss after stroke, the importance of
relearning to walk symmetrically as soon as possible after stroke
is underlined by these findings.
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ELSEVIER ERRATUM

Correction to Ambulatory Level and Asymmetrical Weight Bearing After Stroke Affects Bone
Loss in the Upper and Lower Part of the Femoral Neck Differently: Bone Adaptation After
Decreased Mechanical Loading, by L. Jergensen, N. J. Crabtree, J. Reeve, and B. K. Jacobsen,
Bone 27:701-707; 2000.

As the result of a production error, Tables | and 2 were printed incorrectly. The corrected versions
appear below. The publisher regrets the error.

Table 1. Mean bone mineral density (BMD, g/cm®) and standard deviation (SD) in the proximal femur at baseline in the paretic and nonparetic leg
and mean BMD changes from baseline to measurement after 1 year (95% confidence interval) in patients who could not walk at the 7 month
cvaluation and patients who could walk

p-value for
Walks at 7 BMD at baseline Change at | year p-value difference at lower/
months Anatomic site mean (SD) mean (95% CI) for change upper femoral neck
No (n = 8) Paretic leg Lower femoral neck 110017 ~0.14 (=0.19 10 —0.09) <0.001 0.001
Upper femoral neck 061(0.13) ~0.06 (—=0.1010 —0.02) 0.01 :
Nonparetic leg Lower femoral neck 1.07 (0.13) -0.06 (—0.14100.02) 0.1 03
Upper femoral neck 0.64(0.10) -0.03 (—0.07100.02) 0.2 h
Yes (n = 32) Paretic leg Lower femoral neck 1.00(0.17) —~0.03 (-0.0510 —0.01) 0.003 06
Upper femoral neck 0.60(0.17) =0.04 (-0.07 10 —-0.01) 0.01 :
Nonparetic leg Lower femoral neck 0.99(0.18) =0.02 (-0.04 10 0.00) 0.1 03
Upper femorat neck 0.58 (0.15) —=0.01 (-0.03 10 0.01) 0.5 :

Table 2. Mean bone mineral density (BMD; p/em?) and standard deviation (SD) at baseline and mean BMD changes from baseline to measurement
after 1 year (95% confidence interval) according to when patients began to walk after stroke

Paretic side Nonparetic side
BMD at BMD at
baseline Change at 12 months: baseline Change at 12 months:
Time when walking n  mean (SD) Mean (95% CI). and % change p-value mecan (SD)  Mean (95% CI). and % change  p-value
(A) Lower femoral neck
Walked at baseline 12..093(0.14) —0.01(~0.04100.03), ~1% 0.7 0.94(0.12) 0.00(-0.04100.03), 0% 0.8
Walked by 2 months 15 1040200 ~0.04(-0.0710 —0.01), — 1% 0.01 1.01(0.23) =001 (=0.03100.00). —1% 04
Walked by 7 months 5 L03(0.12) ~0.08(-0.14t0 —0.02), ~8% 0.03 LO2(0.10)  —0.08(-0.16100.00). - 7% 0.053
Immobile by 7 months 8 1.01(0.17) -0.14(-0.1910 —0.09). - 4% <0001 1.07(0.13) -0.06(-0.14100.02), —6% 0.1
p-value for lincar trend p < 0.001 p =001
(B) Upper femoral neck
Walked by baseline 12.052(0.14) =001 (~0.0610 0.04). -2% 08 0.50(0.12) 0.00 (—0.04 10 0.05), 0% 0.9
Walked by 2 months 15 0.68(0.19) -0.06(~0.1110 —0.02), -9% 0.m 0.63(0.18) 0.00 (-0.0310 0.02), 0% 0.9
Walked by 7 months 5 05911 —0.04(-0.10100.00), - 7% 0.1 0.60(0.06)  —0.05(-0.12100.02), -8% 0.1
Immobile by 7 months 8 061(0.13) —006(-0.1010 -0.02). —10% 0.01 0.64 (0.10) =003 (-0.07100.02), ~5% 0.2
p-value for linear trend p=02 p =101
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Abstract. The aim of this study was to evaluate the effect
of decreased arm function after stroke on bone mineral den-
sity (BMD) in the proximal humerus. Twenty-five patients
were evaluated | week after acute stroke and reevalualed 2
months, 7 months, and 1 year after the stroke. BMD of the
proximal humerus was measured and the functional status
of the paretic arm was assessed. Within 1 year the BMD
decreased significantly in the proximal humerus at the pa-
retic side. No significant BMD change was found at the
nonparetic side. Patients with an initial completely para-
lyzed arm lost 27% (P < 0.001), those with severe to mod-
erate paresis lost 11% (P < 0.001), and patients with minor
or no paresis had no significant bone loss in the proximal
humerus at the paretic side after 1 year. A statistically sig-
nificant trend with initial arm function was found both 7
months and 1 year after the stroke at the paretic side (P <
0.01). Patients who were paralyzed or had severe to mod-
erate paresis both at inclusion and after 1 year had a larger
1-year bone loss in the proximal humerus than the patients
who recovered and these who had only minor impairment
throughout the study, 25%, 8%, and 5%, respectively (P-
value for linear trend <0.001). We conclude that during the
first year after stroke bone mineral is lost in the proximal
humerus of the paretic arm, but that the loss depends on the
initial degree of paresis. The loss may be prevented if arm
function is regained.

Key words: Arm function — Bone mineral density — Os-
teoporosis — Rehabilitation — Stroke

Fractures due to osteoporosis are commonly localized to the
hip, the proximal humerus. and the distal part of the radius.
In stroke patients fractures are also frequent in these areas.
especially at the paretic side [1]. Measurements of bone
mineral density (BMD) are considered to be good predictors
for these fractures. but only a few studies on changes in
BMD in the arm due to immobilization have been per-
formed. In cross-sectional studies of patients with frozen
shoulder or rotator cuff ruptures the greatest bone loss in the
arm was found in the proximal humerus [2. 3]. most se-
verely in patients with the lowest shoulder function [3].
Studies of stroke patients in which densitometry of the total

Correspondence to: L. Jorgensen

body has been conducted describe a larger reduction of bone
mineral in the paretic arm than in the paretic leg [4-6].
possibly because the leg is stimulated through weight bear-
ing despite being paretic. Moreover, as skeletal sites with a
high content of trabecular bone have the highest initial loss
of bone mineral after immobilization [7], a large decrease in
BMD in the proximal humerus at the paretic side in stroke
patients may be expected. To our knowledge this issue has
not been examined in any previous study.

Thus, the aim of the study was to quantify possible
changes in BMD in the proximal humerus within the first
year after stroke, and to evaluate the effect of decreased arm
function on this skeletal site.

Subjects and methods

Every acute stroke patient admitted to The University Hospital in
Tromse, Norway, from April 1996 to August 1997 was considered
for this study. All persons with acute stroke from mid- and north-
ern Troms. a well-defined part of the county with 114,000 inhab-
itants, are admitted to this hospital.

Subjects

All acute stroke patients aged 60 years or older and stilt wheelchair
bound after | week were eligible for recruitment. Patients who
lived more than a 2-hour drive from the hospital. and those who
had not been able to walk prior to the stroke were excluded. Other
exclusion criteria were previous strokes affecting the sensomotoric
system. unconsciousness and terminal illness. and unilateral bone
diseases affecting BMD asymmetrically such as osteosarcomas
and osteomyelitis. As changes in BMD of the hip were also studied
{8], patients with osteosynthetic material in the femoral neck and
those with a history of hip fracture were also excluded. Informed
consent was obtained from each participant according to The Sec-
ond Helsinki Declaration. and the trial was approved by the Re-
gional Committee for Medical Research Ethics.

Methods
Bone Mineral Density Measurements

Bone mineral density (BMD, g/cm?®) was measured using dual
energy X-ray absorptiometry (DXA) (Lunar DPX-L. version .3z).
The first measurement was performed at a mean of 7 days (SD 4.
range I-16) after the stroke followed by measurements 2 months
(mean 8 weeks, SD 0.5. range 7.5-10). 7 months (mean 30 weeks.
SD 2. range 25-33), and 12 months (mean 52 weeks. SD 2. range
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Table 1. Mean BMD (g/cm?) and SD in the proximal humerus, spine. and head and mean BMD changes from baseline to the measurement

after | year (35% CI) (n = 28)

Difference
BMD at baseline  Change at | year % Change at paretic/nonparetic side
Anatomic site Mean (SD) Mean (95% Cl) | year P‘-ynlug P-value
Proximal humerus  Paretic side 0.85 (0.17) -0.14 (-0.18; -0.10)0 -17 <0.001
. ’ . 20.001

Nonparetic side  0.87 (0.18) -0.02 (-0.05; 0.01) =2 0.1
Spine 1.27 (0.18) -0.02 (-0.06; 0.01) =2 0.1
Head 1.96 (0.18) +0.03 (0.00; 0.06) +2 0.06

48-58) later. To minimize interobserver variation, all the scans
were done by the same investigator (LJ) and all were analyzed by
the same technician (LW), who, at the time of the analysis, was not
aware of the patient’s paralyzed side and disability.

BMD of the head and spine were derived directly from the total
body scan using Lunar definitions. BMD of the proximal humerus
was derived from the same total body scan by means of the region
of interest (ROI) program. The proximal humerus ROI was located
by using the ruler option where the inferior part of the region was
located 96 mm from the most superior part of the humerus head.

The coefficient of variation (CV; SD/mean) was determined by
measuring BMD twice in 10 stroke patients (5 men, 5 women,
mean age 74 years, SD 7), with functional levels ranging from
severe to no paresis. The two measurements were done consecu-
tively during the same day with repositioning between each scan.
CV was estimated to be 3.3% and 2.4% for the proximal humerus
at the paretic and nonparetic side, respectively. For both the head
and the spine, CV was estimated at 1.4%. The longitudinal drift
assessed with daily phantom measurements was <1%.

Functional Tests

The motor function of the paretic arm was assessed immediately
before the BMD measurements by use of the Scandinavian Stroke
Scale (SSS) Score [9.10]. The score is graded in five categories (0:
paralysis; 2: can move but not against gravity (severe paresis); 4:
raises arm with flexion in elbow (moderate paresis); 5: raises arm
straight but with reduced strength (mild paresis); 6: raises arm with
normal strength (no paresis). Spasticity was assessed according to
the modified Ashworth scale [11] ranging from 0: no increase in
muscle tone to 4: affected part rigid in flexion or extension. Both
spasticity as well as the degree of paresis (SSS) was evaluated by
the same investigator (LJ).

Statistical Analysis

The data were analyzed using the Windows 7.5 version of the
Statistical Package for the Social Sciences (SPSS). Chi square test
was used for categorical values and Students r-test for continuous
variables. Analysis of variance (ANOVA) was used to compare
BMD changes between SSS groups. and linear trends in reduction
in BMD according 1o SSS group were evaluated with contrasts.
Because of the few subjects in some of the subgroups. nonpara-
metric tests were also applied (Wilcoxon Signed Rank Test and
Kruskal-Wallis Test for testing within-group and between-group
changes, respectively).

Statistical correlations between SSS and the changes in BMD.
and SSS and spasticity were evaluated using Spearman’s rho (r)).

Results
Characteristics of Study Subjects

All eligible patients (n = 37) agreed to participate. Within

[ year, six patients died, one decided not to continue in the
study, and two had been transferred to nursing homes situ-
ated more than a 2-hour drive from the hospital. At the time
of the follow-up examination, they were too ill for the long
drive. The remaining 28 patients (18 men, 10 women) had
a median SSS arm score of 2 (range 0-5) at baseline. There
were no statistically significant differences with regard to
gender or any of the BMD baseline values in the group of
patients not followed for the entire year and the group who
completed the [-year examination (P = 0.1, results not
shown), but the former group was somewhat older [mean 80
years (SD 9) and mean 75 years (SD 7), respectively, P =
0.07]. None of the patients had a history of fracture in the
proximal humerus.

Changes in BMD

In the proximal humerus at the paretic side BMD decreased
significantly during the first year, and SSS at baseline cor-
related significantly with the [-year loss of bone mineral (r,
= 0.7, P < 0.001). At the nonparetic side the change in
BMD was not significant; also. in the spine and head no
significant changes were found after | year (Table 1). The
increase in BMD of the head did. however, approximate the
level of conventional statistical significance.

Twenty-five patients completed the 2-month. 7-month,
and the 1-year examination, and three patients missed either
the 2- or 7-month measurements because of severe illness.
We compared the BMD loss in the proximal humerus in the
nine patients who were completely paralyzed at baseline
(SSS group 0). the Il patients with severe to moderate
paresis (SSS groups 2-4). and the five patients with only
minor or no paresis (SSS group 5, 6) (Table 2). There were
no significant differences between the SSS groups with re-
spect to the BMD baseline values (P = 0.2, results not
shown), but after 7 and 12 months there was a significant
bone loss at the paretic side in the SSS 0 group and SSS 24
groups (P = 0.05). with the largest loss in the completely
paralyzed patients (88§ = 0). A statistically significant
relation was found between the initial arm function (base-
line SSS group) and the reduction in BMD after 7 months
and after | year at the paretic side. whereas no trend in
BMD loss with respect to SSS at baseline was demonstrated



L. Jurgensen and B. K. Jacubsen: Loss of Bone Mineral According 1o Arm Function Following Stroke

in the nonparetic side (Table 2). Although the paucity of our
data hampered the ability 1o draw clear conclusions, they
may indicate that the loss in BMD at the paretic side in
patients with low SSS (0) reaches a plateau after 7 months.

One year after the stroke there was a strong correlation
between the changes in BMD in the proximal humerus at
the paretic side and the SSS score evaluated by 1 year (r, =
0.8, P < 0.001). Also, spasticity in the arm and SSS corre-
lated significantly (r, = —0.8, P < 0.001).

Fifteen patients were paralyzed or had severe to moder-
ate paresis of the arm both at inclusion and after 1 year (SSS
0-4), eight patients categorized to the SSS 0—4 group at
baseline recovered within a year, and five patients were only
slightly impaired or not impaired at all throughout the study
(SSS 5-6). The three groups did not differ significantly with
regard to the baseline BMD values in the proximal humerus
(P = 0.8). The patients who regained arm function had a
lower BMD loss at the paretic side compared with the pa-
tients who did not recover, and a statistically significant
relation between the function of the arm and the 1-year
reduction in BMD was found at the paretic side (P < 0.001)
but not at the nonparetic side (P = 0.9) (Table 3).

All associations that were statistically significant (P <
0.05) when r-tests were used were also statistically signifi-
cant when nonparametric tests were used. Furthermore, the
same P-values as displayed in the tables were found.

Discussion

In this study we found a significant demineralization of the
proximal humerus at the paretic side and a strong correla-
tion between this loss of bone mineral and the motor func-
tion of the arm (SSS). Within only 1 year BMD decreased
by 25% in the paretic arm in the most impaired patients. a
reduction that is clinically relevant as it increases the risk of
a future fracture.

Osteoporosis in the paretic arm after stroke has been
described previously [4-6, 12, 13], but the results in these
studies conflict with respect to the relationship between arm
function and bone loss. Prince et al. [12] found that a good
functional status was protective against bone loss; addition-
ally, spasticity was associated with bone loss at the trabec-
ular site. In other studies no correlation was found between
motor function and/or spasticity of the arm and demineral-
ization [4-6, 13].

We found that the functional status of the paretic arm at
baseline predicts the changes in BMD in this arm and that
the most impaired patients have a large and continuous bone
loss. For the first time we show that stroke patients who
regain almost normai arm function within 1 year, despite
being severely impaired initially. lose less bone mineral
than patients with a persisiently severe paresis.

Should patients having moderate paresis (S§§ = 4) be
classified together with patients having severe paresis (as
done in Table 3) or with patients having minor impairment?

Table 2. Changes in BMD (w/em?) in the proximal humerus from baseline to the measurement 2 months, 7 months, and [ year after stroke according to functional status of the paretic

arm at baseline

Nonparetic side

Paretic side

Change at | yuar

Change at 7 months
Mean (CI 95%).

% change

Change at 2 months
Mean (CI 95%),

% change

Change at | year

Change at 7 months
Mean (C1 Y5%),

% change

o
=
€
E &
t‘l;":
EXRalE
=0
27 3
c E .2
3 3
=
U= s

Functional
status of

Mean (CI 95%).

% change

Mean (C1 95%).

% change

-0.03 (-0.10; 0.04) +0.01 (-0.05: 0.06) -0.02 (-0.07: 0.02)

—0.25 (-0.32; -0.17)"

-0.22 (-0.32:-0.12)"

-0.07 (-0.15; 0.02)

9)

§S8S: 0 (n

-2
~0.05 (~0.10: 0.01)

+1

-0.01 (-0.05: 0.04)

-7
-0.02 (-0.06; 0.02)

—0.01 (-0.06; 0.05)

—0.09 (-0.13; -0.06)"

-0.06 (-0.11, -0.01)*

[1D]

SSS: 24 (n

6
—0.01 ( -0.08; 0.06)

-0.03 (-0.12; 0.06) 0 (-0.07: 0.06)

-0.01 (-0.06; 0.05)

~0.04 (-0.12; 0.05)

-0.01 (-0.09; 0.06)

5)

S$S8: 5-6 (n

-1
<0.001 0.6

-4

0.001

-1
0.2

p-value

Tor linear trend

P-value Tor changes within the group: “<0.03, "<0.001
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Table 3. Mean changes in BMD (g/cm?) in the proximal humerus from baskliné to the measurement 1 year after stroke according to arm

function (SSS) at baseljne and at | year

Paretic side Nonparetic side

Change at | year
Mean (95% Cl),

Change at | year
Mean (95% CI),

SSS paretic arm n % change Ge change
Paralysis or severe to moderate 15 -0.22 (-0.27; -0.17) -0.01 (-0.04; 0.03)
paresis (SSS 0—4) =25 0
at baseline and by 1 year
Paralysis or severe to moderate 8 -0.06 (-0.10; -0.03) -0.06 (-0.13; 0.00)
paresis (SSS 0—4) at baseline -8 -7
but minor impaired (8S8S 5-6)
by | year
Minor impaired (SSS 5-6) at 5 —0.04 (-0.12; 0.05) 0.00 (-0.07; 0.06)
baseline and by 1 year ' -4 0
P-value for linear trend <0.001 0.9

We found that re-categorizing the patients with SSS = 4
from the group of low function to the group of good func-
tion gave essentially the same pattern, as shown in Table 3.

Although factors other than the lack of mechanical
stimuli may be of importance after immobilization, the local
effect is most likely the most significant, considering that
the bone loss at the disused side is more evident than the
changes over the whole body. Thus, with respect 1o the
paretic arm, the loss of bone mineral probably results
mainly from the lack of muscle pull, whereas for the paretic
leg, decreased ground-reaction forces may be an additive
and perhaps even more important factor [8]. Moreover, as
the BMD change in the head approached the level of sig-
nificance, the increase in this area indicates that a redistri-
bution of bone mineral may have occurred. A redistribution
of bone mineral due to immobilization has also been sug-
gested in previous studies where similar results were found,
as for example in people volunteering for long duration bed
rest [14].

In our study, all 37 eligible patients agreed to participate.
One important consideration is, however, that while 28 pa-
tients completed the 1-year evaluation, 9 did not. Still, as the
former group was not significantly different at baseline
from the latter, the bias introduced in the study sample is
probably limited. The major cause for not completing the
study was severe disease or death. which was not unex-
pected considering the age and morbidity of the partici-
pants. Initially unconscious patients and patients who were
able to walk immediately after the stroke were’not included;
for this reason our results cannot be generalized to all stroke
patients.

There were few stroke patients in some of the subgroups.
This has hampered the analysis and reduced the statistical
power. However. the main results, as presented in Tables 2
and 3. demonstrate a distinct pattern of different rates of
bone loss according to the functional status of the paretic
arm, which cannot be explained by lack of statistical power.

Conclusion

Although clinical trials are necessary for determining the
benefit of an intervention, our results indicate that the loss
of bone mineral in the proximal humerus of the paretic arm
may be prevented if the function of this arm is regained.
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Bone Mineral Density in Acute Stroke Patients
Low Bone Mineral Density May Predict First Stroke in Women

Lone Jgrgensen, MSc; Torgeir Engstad, MD; Bjame K. Jacobsen, PhD

Background and Purpose—Osteoporosis and stroke share several risk factors, including age, smoking, low physical
activity, and hypertension. Thus, low bone mineral density (BMD) and high stroke risk may be related. We examined
the relationship between BMD and acute stroke in noninstitutionalized men and women aged =60 years.

Methods—Sixty-three stroke patients (33 women and 30 men) and 188 control subjects from the general population were
included. BMD was measured by using dual-energy x-ray absorptiometry at both proximal femurs. The measurements
of the stroke patients were performed 6 days after the onset of stroke.

Results—The BMD at the femoral neck in the female stroke patients was 8% lower than in the control subjects (P=0.007).
In men, no difference in BMD between the stroke patients and their controls was found. Women with BMD values in
the lowest quartile had a higher risk of stroke than women with BMD values in the highest quartile (OR 4.8), and the
probability value for linear trend over the quartiles was statistically significant (P=0.003). The OR for stroke increased
1.9 per SD (0.13 g/cm?) reduction in BMD, and the association between low BMD and stroke in women remained
significant when the analysis was adjusted for potential confounders.

Conclusions—Female, but not male, stroke patients have lower BMD than population controls. Low BMD may predict

stroke in women. (Stroke. 2001;32:47-51.)

Key Words: bone mineral density m osteoporosis ®m risk factors ® stroke, acute

O steoporosis and stroke share several risk factors, such as
age, smoking, low level of physical activity, and hyper-
tension.'-? Low bone mineral density (BMD) and a high risk
of stroke may thus be related, but studies on this relationship
are sparse. Browner et al'®!! have shown that low BMD is
significantly related to stroke mortality and stroke incidence
in a female population, but no data are available for men. An
examination of the association between BMD and stroke is of
clinical importance for 2 reasons. First, if BMD is low in
acute stroke patients, it may be an important explanatory
factor for the increased risk of hip fracture in stroke pa-
tients.}2!3 This risk factor will thus add to other known risk
factors, such as the increased incidence of falls!'-!? and the
increased rate of bone loss.’-'¢ Second, low BMD may
predict stroke.

The purpose of the present study was to examine the
relationship between BMD and acute stroke in a case-control
study among noninstitutionalized men and women aged =60
years.

Subjects and Methods

Cases

The stroke patients included in this study were identified from
among all acute stroke patients aged =60 years from the municipal-
ity of Tromsg, Norway, consecutively admitted to The University

Hospital in Tromsg from June 1, 1996, through August 31, 1997.
This hospital is the only one in the area, and all persons with acute
stroke from the municipality are admitted to this hospital.

Stroke was defined according to the definition of the World Health
Organization, WHO.!? The diagnosis was based on a doctor’s
clinical examination and an evaluation of all available information
from the hospital medical records and was supported by anatomic
cerebral changes on CT scans. A specialist in internal and geriatric
medicine at the University Hospital (T.E.), blinded to the BMD
measurements, validated all stroke diagnoses. Patients who had not
been able to walk without personal support before the stroke and
patients who were unable to answer simple questions, including
informed consent, were excluded. Other exclusion criteria were
history of previous stroke, unconsciousness and terminal illness,
presence of osteosynthetic material in the femoral neck, and history
of hip fracture.

Among a total of 125 stroke patients admitted to the hospital, 64
were eligible for the study and 63 agreed to participate. Five of them
had intracerebral hemorrhages. Sixty-one patients- (49%) were not
eligible for the study because of death, unconsciousness, or severe
disorientation during the first week after stroke (n=30); previous
strokes (n=23); or a history of hip fracture or presence of osteosyn-
thetic material in the femoral neck (n=6). Two patients were not
enrolied in the study because of femur amputation and cancer with
metastasis to the bone.

Controls

The control subjects were randomly sclected from the population
register of Tromsg in 1998 and invited by letter to participate in the
study. For each gender and 5-year age bracket, we invited more than
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TABLE 1. Characteristics of the Study Groups and Difference Between Cases and Controls

Wormen Men
Cases Controls Cases Controls

Characteristic n=33) (n=101) P (n=30) (n=87) p
Age, mean (SD), y 77 8) 76 (8) 0.3 75 (8) 75(8) 09
BMI (kg/cm?), mean (SD) 26.1(5) 269 (4) 04 241(3) 25.4(3) 0.05
BMD neck (g/cm?), mean (SD) 0.723(0.14) 0.792(0.12) 0.007 0.902(0.13) 0.899 (0.15) 09
Smoking 0.7 0.5

Current smoker 9 (27%) 18 (18%) 8(27%) 20 (23%)

Ex-smoker 4(12%) 17 (17%) 18 (60%) 48 (55%)

Never-smoker 17 (52%) 55 (55%) 1 @%) 12 (14%)

Unknown 3(9%) 11 (11%) 3(10%) 7(8%)
Drinks alcohol 20 (61%) 57 (56%) 07 21 (70%) 73 (84%) 0.1
Uses walking aids 10 (30%) 19 (19%) 0.2 5(17%) 6 (7%) 02
Has diabstes meliitus 6(18%) 9 (9%) 0.2 2(7%) 7(8%) 0.9
Previous myocardial infarction 6(18%) 9 (9%) 0.1 9 (30%) 20 (23%) 0.4
Angina pectoris 5 (15%) 21 (21%) 0.6 6 (20%) 16 (18%) 0.8
Medication for hypertension 15 (46%) 26 (26%) 0.03 10 (33%) 17 (20%) 0.1

twice the number of case patients in order to obtain a sufficient
number. The letter of invitation contained information about the aim
of the study, the criteria for exclusion (ie, hip fracture, presence of
osteosynthetic material in the femoral neck, and stroke), and the fact
that transportation to the hospital on the day of the examination
would be provided if the atiendees were unable 1o travel on their
own.

Among the 404 invited possible control subjects, 197 (49%)
agreed (o be enrolled in the study. All of them had a medical record
in the hospital, and to exclude possible unreported stroke these
records were all reviewed by an experienced physician (T.E.). Six
men and 3 women were found to have had a previous stroke and
were thus excluded from the analysis.

Informed consent was obtained from all participants according to
the Second Helsinki Declaration, and the Regional Committee for
Medical Research Ethics approved the trial.

Methods

All participants were interviewed about their alcohol and smoking
habits: whether they were teetotalers, and whether they smoked
currently or had smoked previously. The stroke patients were asked
whether they had used assistive devices for walking before the
stroke, and the control subjects were asked about current use of these
devices. Body weight and height was mostly measured in a standing
position, except for 27 of the stroke patients who had their height
measured in a supine position, as they were unable to stand. The
body mass index (BMI) was calculated as the weight (in kilograms)
divided by the square of the height (in meters). Stroke severity was
assessed by use of the Scandinavian Stroke Scale ($SS),'5-'9 in
which the patients are categorized into 5 groups according to degree
of leg paresis, ranged from paralysis (SSS score of 0) to no paresis
at all (score of 6).

The control subjects completed a gquestionnaire about medical
history, including current and previous cardiovascular diseases,
cancer, diabetes, and current use of medication. The same informa-
tion about the stroke paticnts was obtained from their medical
records. Antihypertensive medication use until the stroke event was
considered indicative of hypertension among the cases. Current
sclf-reported use of antihypertensive drug was considered a marker
of hypertension among the controls.

BMD was measured by using dual-energy x-ray absorptiometry
(Lunar DPX-L, version 1.32) at both proximal femurs, and BMD of
the femoral neck area was dctermined according to the Lunar

manual. In the analysis we used the mean values from the right and
left side. All the measurements were done by 2 operators (L.J. and
E.H.), and all the scans were analyzed by the same technician (L.W.).
The interoperator precision (SD/mean) was 2.2%, tested by measur-
ing BMD twice in 10 of the participants (mean age 67 years). The 2
measurements were done consecutively during the same day, with an
interval of 2 to 3 minutes. Subjects were repositioned between each
scan by the operators.

The longitudinal dnift assessed with daily phantom measurcments
was <1%.

Statistical Analysis

To test differences between the case and control groups, ¥ test, the
Fisher exact test or Student 2-sample 7 test was used. Statistical
correlations between SSS and BMD were evaluated by using the
Spearman rho (r.).

For men and women separately, the control subjects were divided
into quartiles with respect to the BMD values, and the case patients
were categorized according to these quartiles. ORs for stroke in the
different quartiles as well as with a [-SD change in BMD were
estimated by use of logistic regression analysis. Adjustments were
done for potential confounders found to be related to the case-control
status in one or both sexes with P=0.1.

The data were analyzed with the Windows 7.5 version of the
Statistical Package for the Social Sciences (SPSS, Inc).

Results

Characteristics of the Cases and Their Controls
All the cases and all the controls were living in their own
homes before the hospitalization or examination.

The patients were measured a mean of 6 (SD 4) days after
the stroke onsct. There was no difference between the paretic
and nonparctic side with respect to BMD, and this was also
true for the 14 most scverely affected stroke patients (SSS
score 0; mean difference between the paretic and nonparetic
leg 0.009 g/icm?; P=0.7).

Table 1 shows the characteristics of the cases and controls.
Female stroke paticnts had a statistically significant 8% lower
age-adjusted BMD of the femoral neck than the control
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TABLE 2. Unadjusted and Adjusted ORs for Stroke Amang Women and Men According to Femoral Neck BMD Quartiles

Women Men
BMD Cases,  Controls, 0R, Mean Adjustedt OR ~ Cases,  Controls, OR, Mean Adjustedt OR
Quartiles® n n {95% Cn Mean (95% Cf) n n (95% Cf) Mean (95% CI)
1 19 26 4.8(1.4-159) 6.6(1.8-24.8) 6 21 0.9(0.3-3.1) 0.6 (0.1-2.3)
2 6 25 1.6(0.4-6.2 1.8(0.4-7.4) 6 22 0.9 (0.3-3.0 06 (0.2-2.4)
3 4 24 1.1 (D.2-4.8} 1.6 0.3-7.5) 1 22 1.6 (0.5-4.8) 140447
4 26 1.00 1.00 7 22 1.00 1.00
P for lingar trend 0.003 0.003 06 02

*BMD range for women: =<0.707, 0.708-0.777, 0.778-0.873, =0.874; BMO range for men: =0.780, 0.781-0.884, 0.885-1.010, =1.011.
tAdjusted for BMI, aicohol drinking, previous myocardial infarction, and medication for hypertension.

subjects (P=0.007) and statistically significant lower BMD
than the male patients (P<0.001).

There was no correlation between stroke severity assessed
by SSS and the BMD (r=0.01, P=0.9 and r=0.2, P=0.3 for
women and men, respectively).

Women with BMD values in the lowest quartile had a
significant 4.8 times higher risk of stroke than women with
BMD values in the highest quartile, and the probability value
for linear trend over the quartiles was statistically significant
(P=0.003) (Table 2). Each SD decrease in BMD (0.13 g/cm?)
was associated with a 1.9-fold increase in stroke. Among
men, no statistical significant relationship between BMD and
stroke was found (Table 1 and 2).

Adjustments of the difference in BMD between the stroke
patients and their controls with respect to the possible
confounders displayed in Table I, one by one or in concert,
did not reduce the OR estimates for women or the overall
conclusions (Table 2). If anything, the inverse relationship in
women was strengthened, but due to wide 95% Cls, we
concluded that no important effect of the adjustments was
observed.

Discussion

In the present study we found that female stroke patients had
lower BMD in the femoral neck than did population controls,
a result consistent with those of Browner et al.'®!! They
showed that low BMD in the calcaneus and proximal radius
(but not in the distal radius) was associated with an increased
stroke risk in women (RR 1.3 per SD decrease in BMD),
whereas we found that the risk was somewhat higher.

We measured BMD in the proximal femur, which is the
most relevant region of interest to evaluate with respect to the
risk of hip fracture.26-22 Consequently, if low BMD is already
present at stroke onset, the severe bone loss thereafter'-1¢
puts the female stroke patients at a particularly high risk of
hip fracture. The result of the present study, therefore, has
considerable clinical implications regardless of what the
causal relationship might be.

We did not find any relationship between stroke risk and
low BMD in men; to our knowledge, this topic has not been
studied previously. Although Johansson et al2? did show that
BMD was a strong predictor of total mortality in men as well

as women, the number of fatal stroke was too low to evaluate
the relationship between BMD and stroke mortality.

Because of our study design, some bias cannot be ex-
cluded. First, the BMD in the patients was measured 6 days
after stroke onset. In a previous longitudinal study, we
showed that patients who were completely wheelchair-bound
had a significant 3% BMD loss in the femoral neck on the
paretic side and a nonsignificant 1% loss on the nonparetic
side 2 months after stroke.’* The BMD difference of 8%
between the female cases and their controls cannot, therefore,
be explained by the bone loss that may have occurred
between stroke onset and the BMD measurement 1 week
later. Furthermore, there was no difference between the BMD
values of the paretic and the nonparetic legs. This also
indicates that no change in BMD had taken place before the
measurement.

Second, there may be a bias connected to the enrolment of
the control subjects. Only one eligible siroke patient refused
to participate in the study, whereas 51% of the invited
controls abstained, including an unknown number of individ-
uals who were not eligible due to eg, previous stroke or hip
fracture/osteosynthetic material in the femoral neck. The
control subjects were told in the letter of invitation that they
could participate in the study only if they bad no history of
stroke or hip fracture, but also that they could refuse to
participate without giving any reason for this decision. Thus,
we do not know the proportion of possible controls contacted
who did not take part in the study due to the exclusion criteria
or for other reasons. We did expect that a higher proportion of
the cases had used walking aids prior to the stroke, because
physical disability has been identified as a predictor of
stroke, but we cannot exclude the possibility that the frailest
controls abstained to participate even though they were
offered free transportation to the examination. On the other
hand, it is also possible that control subjects were more likely
1o respond if they were ill and therefore wanted to participate
in a medical research study. If so, the prevalence of risk
factors may be overestimated and the BMD in the controls
most probably underestimated. In particular, some femalc
control subjects with known osteoporosis may have partici-
pated to have their BMD assessed, but as a consequence this
would reduce the mean BMD in the control women and thus
cannot explain our results. When we excluded women with
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known osteoporosis from our analysis, the difference in mean
BMD in female stroke patients and controls was unchanged.
We have also compared data from our control group with data
from a population survey in Tromsg, which had a 77%
response rate. The prevalence of risk factors in this group was
similar 1o or even lower than that given for the control group
in Table 1. Thus, the controls in our study were not a
particular healthy group of people. In conclusion, we do not
find it likely that sclection bias can explain our findings.

The information about current use of medication and
current and previous diseases were obtained from the medical
records of the stroke patients, whereas the control subjects
answered a questionnaire. This may have introduced response
bias and hampered effective control for confounders. It is,
nevertheless, reassuring that we found more people with
previous myocardial infarction and more use of medication
for hypertension among the stroke patients, although only the
difference in use of medication for hypertension in women
was statistically significant. Unfortunately, the information
about some of the possible confounders (eg, physical activity,
smoking, and alcohol) was not so detailed that residual
confounding can be excluded. However, this is of major
importance only if a causal relationship between low BMD
and stroke is considered.

At present, it is unclear whether there is a cause-and-effect
relationship between low BMD and high risk of stroke.
Previous investigators have argued against a causal relation
and suggested that low BMD is, rather, a marker of poor
general health and aging.!9.!1.23 There are, however, several
possible links between osteoporosis and stroke, because both
conditions may be related to estrogen deficiency, diabetes,
hypertension (and use of medication to treat hypertension),
low level of physical activity, and smoking.3-924-27 More-
‘over, high blood pressure, an established risk factor for
stroke, has been associated with increased bone loss at the
femoral neck in elderly women.?

A salient finding in our study was the inverse relationship
between BMD and stroke in women but not in men. This may
indicate that estrogen deficiency may play an important part
in this relationship. Estrogen replacement may reduce the risk
of both stroke and osteoporosis, although the results are
inconsistent.42® Because we considered the medical records
of the cases (from which information about medication was
extracted) to be unreliable with respect to information about
use of estrogens, it was impossible to adjust for this medica-
tion. However, when persons known 1o use estrogen were
excluded, the mean BMD value of the controls was essen-
tially unchanged.

In conclusion, we found that female, but not male, stroke
patients have lower BMD than population controls. Qur
results confirm the findings of previous studies about women
and provide for the first time information about the relation-
ship in men. We call for new studies to confirm or refute
these findings, also because our study has limited statistical
power. At present, it is unclear whether low BMD actually
increases the risk of stroke or reflects poor health with both
high stroke risk and low BMD. We believe that it is
premature 10 reject a causal relationship; sometimes the
biological understanding comes after the epidemiological

finding. In any case, because female stroke patients have a
low BMD (for whatever the reason), this emphasizes even
more thé need for an aggressive attitude in poststroke
rehabilitation.
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FORESPORSEL OM A DELTA I FORSKNINGSPROSJEKT

Informasjon og samtykke-erklzring for forsokspersonene i prosjektet:
"QOsteoporoseutvikling hos pasienter med apoplexia cerebri”

Hensikten med undersekelsen:
Mange eldre mennesker har ket risiko for 4 falle og brekke larhalsen. Dette kan blant annet
skyldes osteoporose, en nedgang i bentettheten i knoklene, populert kalt "benskjerhet"”.

Vi gnsker med denne undersokelsen 3 finne ut, om det skjer en endring i bentetthet hos
pasienter som har fatt slag, og om dette i s4 tilfelle har sammenheng med deres fysiske
funksjon, f.eks. om de kan gi.

@ket kunnskap p4 dette omrade kan vzre en hjelp i forhold til veiledning av pasienter,
pérerende og helsepersonell, nér det gjelder opptrening etter lammelser pa grunn av slag.

Foresporselen rettes til slagpasienter over 60 &r som innlegges pa RiTs.
Kontaktperson i forhold til prosjektet er: Lone Jergensen, Hogskolen i Tromse, Avd for
Helsefag.

Beskrivelse av undersokelsen og risiko-vurdering:

De pasienter som samtykker i 4 delta i undersekelsen vil i lepet av f& dager f3 utfort en
bentetthets-maling.

Bentetthetsmalingen er en undersgkelse som er helt smertefri og uten komplikasjoner.

Ved undersekelsen brukes det en lav rentgendosering, som tilsvarer 1/20 av et vanlig lunge-
bilde. Undersgkelsen varer i alt 30 minutter.

Du kan godt ha klazr pa deg under undersgkelsen, men ikke kler som inneholder knapper eller
materiale av metall.

Bentetthets-undersgkelsene og funksjonsvurderingen vil bli gjentatt etter to méneder etter syv
maneder og etter et &r i forbindelse med vanlige kontroll-undersgkelser pa RiTe.

Fra din journal ensker vi & hente ut folgende data: diagnoser, alder, hayde, vekt, bosted og
medikamentforbruk. Du vil i tillegg bli spurt om dine reyk- og alkoholvaner.

Samtykke-erklering:

Det er frivillig & delta i undersekelsen, og du kan nér som helst trekke deg uten 4 angi grunn
og uten at det p& noen mite bererer forholdet til helsepersonell eller prosjektets medarbeidere.
Likeledes kan du nar som helst be om 4 f3 slettet de opplysninger som er registrert om deg.
Dette gjelder ogsa etter at prosjektet er avsluttet.

Opplysninger innhentet i forbindelse med prosjektet vil etter prosjektavslutning oppbevares
ved en institusjon som er godkjent av Datatilsynet.

Jeg er blitt forklart pasientinformasjonen, og samtykker i  delta i studiet.
Jeg har mottatt egen kopi av informasjons- og samtykkeerkleringen.

Sted Dato Underskrift pasient
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FORESPORSEL OM A DELTA I FORSKNINGSPROSJEKT
VIL DU VARE KONTROLL-PERSON ?

Informasjon og samtykke-erklzring for kontroll personene i prosjektet:
“Benskjorhet hos pasienter med slag”

Hensikten med undersekelsen:

Mange eldre mennesker har gket risiko for & falle og brekke larhalsen. Dette kan blant
annet skyldes osteoporose, en nedgang i bentettheten i knoklene, populert kalt
"benskjerhet".

Vi ensker med denne undersekelsen 4 sammenlikne bentettheten hos personer som
ikke har hatt slag (kontroll-personer) med pasienter som har hatt slag.

Oket kunnskap pa dette omrade kan vzare en hjelp i forhold til veiledning av pasienter,
parerende og helsepersonell, nar det gjelder opptrening etter lammelser pa grunn av
slag.

Fra Folkeregisteret er du ved loddtrekning valgt ut til & deltage i en undersgkelse som
kontroll-person. Kontroll-personene ma vzare over 60 ar og ma kunne ga.
De ma ikke ha hatt hjerne-slag, kunstige hofteled eller tidligere larhalsbrudd.

Kontaktperson i forhold til prosjektet er:
Lone Jorgensen, Hogskolen i Tromse, Avd for Helsefag (tlf: 776 60651), eller
Elin Hansen, Forskningsposten RiTg, tif 776 27348.

Beskrivelse av undersekelsen og risiko-vurdering:

Hvis du samtykker i & delta i undersekelsen, vil du i lopet av hesten 1998 fa utfort en
bentetthetsmaling pa RiTe. Undersekelse tar ca. 45 min og er helt smertefri og uten
komplikasjoner. Det brukes en lav rentgendosering, som tilsvarer 1/20 av et vanlig
lungebilde.

Du kan godt ha kler p4 deg under undersgkelsen, men ikke kler som inneholder
knapper eller materiale av metall.

Ca to maneder etter undersokelsen vil du fa brev om hvordan resultatet av
bentetthetsmalingen var. Hvis du har lav bentetthet vil vi gi deg anbefalinger om tiltak
og eventuelt be deg kontakte din faste lege.

Ut over bentetthetsundersokelsen registrerer vi om du gir med eller uten hjelpemidler,
din hoyde, vekt, tidligere arbeide, hvordan du vurderer din helse og funksjonsevne
samt eventuelle tidligere sykdommer og navaerende medikamentbruk.



Vi vil gjerne here om du gnsker 4 delta i denne undersgkelse, og ber deg derfor
returnere ditt svar i vedlagte svarkuvert (porto er betalt).

De som har svart ja til & delta vil hesten 98 fa tildelt time pr. brev for undersekelsen.
Alle transportkostnader til og fra RiTe blir dekket. De som ikke kan benytte offentlig
transportmiddel far tilbud om & bli hentet og kjert hjem i drosje.

Hvis du ikke vil vaere med og ikke vil at vi purrer pa svar, kan du krysse av i Nei-
rubrikken. Vi har kun adgang til 4 purre en gang.

Sett kryss i den ruten som passer

ja, jeg onsker a delta []
nei, jeg onsker ikke & delta [

Undersgkelsen er ikke forbundet med smerte eller ubehag, det blir ingen venting pa
sykehuset og du skal kun mete denne ene gangen.

For deg som ensker & delta,
ver vennlig & oppgi ditt telefon-nummer: ..o

Nar prosjektet er avsluttet og resultatene bearbeidet vil du fa tilsendt litt informasjon
om dette

Samtykke-erkizring:

Det er frivillig & delta i undersekelsen. Du kan la vere & delta eller svare pa enkelte
spersmil, og du kan trekke deg fra undersekelsen nar som helst uten & angi grunn og
uten at det vil f2 noen negative konsekvenser for ditt forhold til helsevesenet.
Likeledes kan du nar som helst be om 2 fa slettet de opplysninger som er registrert om
deg. Dette gjelder ogsa etter at prosjektet er avsluttet. Nar informasjonen om deg
benyttes vil det ikke vaere mulig 4 identifisere deg som person.

Opplysninger innhentet i forbindelse med prosjektet vil etter prosjektavslutning
oppbevares ved en institusjon som er godkjent av Datatilsynet.

Jeg er blitt forklart pasientinformasjonen, og samtykker i 4 delta i studiet.
Jeg har mottatt egen kopi av informasjons- og samtykkeerkleringen.

Sted Dato Underskrift



SPORGSMAL

Reoyking:
ja nej
Rayker du daglig for tida? | I I l
antal &r
Hvis du har reykt daglig tidligere, hvor lznge siden er det siden du sluttet?
antal &r
Hvor mange ar tilsammen har du reykt daglig? :]
Alkohol:
ja nej
Er du total avholdsmann/-kvinne? l | I |
Ganghj=zlpemiddel:
ja nej

Brukte du gang-hjelpemiddel fer du fikk slag (pasienter) l || |

Bruker du gang-hjelpemiddel na (kontroller) I | | |







SPORRESKJEMA TIL KONTROLL PERSONER

TIDLIGERE ARBEID OG 9KONOMI

Hvordan vil du beskrive det arbeidet du hadde de siste 5-10 arene for
du ble pensjonist?

For det meste stillesittende arbeid?

(f.eks. skrivebordsarbeid, montering)

Arbeid som krever at du gir mye?

(f.eks. ekspeditgrarbeid, husmor, undervisning)

Arbeid hvor du gar og lefter mye?

(f.eks. postbud, pleier, bygningsarbeid)

Tungt kroppsarbeid?

(f.eks. skogsarb., tungt jordbruksarb., tungt bygningsarb.)

o a o

Hvor gammel var du da du ble pensjonert? ar

OPPVEKST
Hvordan var de gkonomiske forhold i familien under din oppvekst?
Meget gode a
Gode o
Vanskelige m
0

Meget vanskelige






RAYKING ja nei

Royker du daglig for tida?.........ccccevnriiiierrinnnens o 0O
ALKOHOL ja nei

Er du total avholdsmann/-kvinne? .........ccceceennnnen a O
LEGEMLIGE FUNKSJONER

Klarer du selv disse gjoremalene i det daglige uten hjelp fra andre?

ja  mednoehjelp nei
G4 innenders i SAMIME €tasje. ...cvvvnnerrunnerermenseens m o O
GA T TAPPET . . eeveeeeeeeeeeieeeeieeeeeeeraneeenaeaenaene O O m)
GAULENABIS. .. evinineieenireenereeeerneareneneenee O O o
GACASO00M. cceuiviinieiieeeeeieeeieeeeneene e enneennea O O a
GAPALOAIEHEL .. .veeeeiiieeeereeirieeeernrnineeeeees O O a
Vaske deg pa KTOPPen......c..uveernrirunirinnerereereionn O O m)
Bade el1er dUSJE. . ....ovuneeineereneeeineinneenieeeeaens O a a
KIe PA0Z AV dEg...uuerrneeeneeenniiineeeinereineeeneens ) a 0
SPISE SEIV. .. iiiieeiiieeeiiee e e 0 a m
Gjore lett husarbeid (f.eks. oppvask)............c..oneeee a O O
Gjere tyngre husarbeid (f.eks. gulvvask)................ O O a
GJOTE INMKIBD . .+ eeveeeeneeeneenneeiinenrneeinarenaeeenes O O )
T DUSSEIL. «. . eeeeeeeeeee e eeaaeeeneeeeneeaaneeennn e O O 0
Er du avhengig av noen av disse hjeplemidlene?

ja  nei

stokk g a4d

ja nei

krykke o a4

ja nel

gastol o a4
ja vanskelig nei
Kan du lese (evt med briller).........coovveveeeniinannnn ) a a






EGNE SYKDOMMER

Hvordan er helsen din nd? Sett bare ett kryss

DATHIE. .eeeee et e e O
Ikke helt Od........ccvviiniieieieeiee e O
GOG. o e O
SVEIE SO, ..c.eiiiiiiiiieeee ettt e O

Har du eller har du hatt
Sett ett kryss for hvert spersmal

ja nei

KreftsykdOm . ...oovveiieeiieiie e o a4
EDIlEPSE ovvniiiiniiiie it i et e o O
Parkinsons Sykdom...............cooeeeueeeniiniiineinnnnn o O
Kronisk bronkitt ...........cooueiriiieineeieieiieneeann a O
Benskjorhet (OStEOPOTOSe) ......ovvviienineruennnennsn O O
Psykiske plager som du har sekt hjelp for .............. o O
StoffskifteSyKAOm ... ...evviiniiieeieeieeiceineennnns o 0O
Sykdom i IEVEren .........uovvvnvvenneiiiiiiieeenaneenns o o4
GIBI ST «..ovveeiieeieeeeeeeaieeean e eeneeeanneennnns a a4
(€ ¢ 1T = U PR a 0
Slitasjegikt (ATtTOSE) ......uuvvnereneeeneeneeeinaranenaaaens 0 a
Leddgikt......ovvniiieeie e o O
ASHINIA. ..ooeiiiie et o 04
Diabetes (SUKKETSYKE) .......uovvurrneerneeeneineinnenns o o
Hjerteinfarkt. ..........ooooiiiiiiieeiii e e o 04
Angina pectoris (hjerteKrampe)...........c...ccoueeernen o O

Har du noen gang hattbrudd ? ...........coovvueeineiinieinnnnns o 0

Hvis ja, hvilken koppsdel ?

hvor gammel var du ved siste brudd ? alder:

FALL

Hvis du tenker tilbake over de siste 3 mdr.

Hvor mange gange har du falt giennomsnittlig i lopet av en mdned? ____ gange







LEGEMIDLER OG KOSTTILSKUDD

Har du det siste aret periodevis brukt noen av de felgende midler daghg eller

nesten daglig?
Angi hvor mange méaneder du brukte dem.
Sett 0 hvis du ikke har brukt midlene.

Smertestillende. ......occeeeeeeveeeecnninniiee
SOVEMEISIN. .. .eviiiiiiecreiteniierre e
Beroligende midler..........cccoveeciieniienineneniecne e
Medisin mot depresjon.......c.cereeiveeesivnrieenieesiesannns
AllergimediSin. . ..oveeeeeereeenerenreisnermere e
AsStmamediSin. . ......cccieeeeecerrcercreeinnnninrnie e
Hjertemedisin (ikke blodtrykksmedlsm) .................

Insulin...
Tabletter mot dlabetes (sukkersyke)

Tabletter mot lavt stoffskifte.......cceeeeeeeiiiiiiirrencnnnes
Kortisontabletter. ... .cuvvvviieeeereeeeieeeemeinmencimmnreearaaaeens
Midler mot forstoppelse.......c.ccevviienmeiiiiniiencnnnne

Kosttilskudd

R[5 01:10) (<1403 RUUUUTUUT PP
Vitamin D-tilskudd.......oooviineeeeeeiiiene e
Andre vitamintilsSkud......cccoeeveeerreeeiiiii
Kalktabletter eller benmel........ccooeeeveeeeiniinmnieinniee
Tran eller fiskeoljekapsler........covouiomnreeicininninnininnns

Bruker du medisin mot hayt blodtrykk?

BESVARES BARE AV KVINNER

Hvor gammel var du da du fikk menstruasjon ferste gang?

Hvor gammel var du da menstruasjonen sluttet?

Bruker du, eller har du brukt gstrogen-medisin?
Tabletter eller plaster...........ooooeiieennenn.
Krem eller stikkpiller...............ooooeen.

aas

for

a

for

=)
0

aldri brukt
a

ar

ar

aldn brukt
O
)
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