
ISM skriftserie

Lone JØrgensen

Nr.62

TromsØ 2001

4ç1&SJ
Institute of Community Medicine
University of Tromsø, Norway

FRAGILE BONES IN PATIENTS WITH STROKE?
Bone mineral density in acute stroke patients aud changes

during one year of follow up





ISM skrifiserie
blir utgitt av Institutt for samfunnsmedisin

Universitetet i TromsØ.

Forfatterne er selv ansvarlige for sine Jinn og
konklusjoner Innholdet er derfor ikke uttrykk

for ISM syn.

The opinions expressed in this publication are those
ofthe authors and do not necessarily reflect the

official policy of the institutions supporting this research.

ISBN 82 - 90262 - 70 - 1
2001





Fragile bones in patients with stroke?

Bone mineral density in acute stroke patients

and changes during one year of follow up

by Lone Jorgensen

Institute of Community Medicine
University of Tromso, Norway

Tromso 2001



a
I
-

a
a
.
%

_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_



CONTENTS

ACKNOWLEDGEMENT .5

LIST OF PAPERS 7

INTRODUCTION 9

STR0KE 9

FicTuRE 10

FRAcTuREs IN STROKE PATIENTS 10

CHANGEs IN BONE MASS AFTER STROKE 11

BorEADAPTATIoN 14

B0NE DENSITOMETRY 16

REGION OF INTEREST FOR MEASUREMENTS OF BONE MASS 18

Low BONE MASS, -A RISK FACTOR FOR STROKE9 19

AIMS OF THE THESIS 20

SUBJECTS 21

PATIENTs 21

CONTR0L SUBJECTS 24

ETrncs 24

METHODS 24

B0NE DENSITOMETRY 24

FUNcTI0NAL TESTS 25

Gait 25

Weight distribution in standing 26

Motorfunction ofiheparetic leg and arm 26

Spasticity 27

METH0Ds USED IN PAPER IV 27

STATIsTICs 28

SUMMERY OF THE PAPERS 29

GENERAL DISCUSSION 33

METHODOLOGICAL CONSIDERATIONS 33

Internal validity 33

External validity 47

PREVIOUS STUDIES COMPARED WITH OURS 48

IMPLICATIONS FOR CLINICAL PRACTICE AND FURTHER RESEARCH 51

Exercise as treatment to prevent bone loss? 5]

Low BMD in acute strokepatienis. Is ihere a cause-effect relationshz? 53

CONCLUSION 55

ERRATA 56

REFERENCE LIST 57

PAPER I-TV

APPENDIX A AND B





ACKNOWLEDGEMENT

The first ideas related to the topics in this thesis arouse when I was working as a

physiotherapist in a stroke unit. Hearing about patients who later suffered from fractures in

addition to their impairrnents afier stroke draw my attention towards the need of research in

this field ofrehabilitation.

I would like to thank the many who made this thesis possible and contributed to my education.

In particular, I wish to express my sincere appreciation and gratitude to Bjarne K.

Jacobsen for steady guidance and constructive criticisms throughout the process. Thank you

for guiding me through the difficulties of statistical analysis and other methodological

problems and for scrutinising my manuscripts over and over again. Your support and

continuous encouragement have been ofgreat importance to me.

I also wish to thank Jeanette H. Magnus for her heip and guidance in the initial phase of

this work and for encouraging me to start as a PhD-student.

In addition to Bjarne and Jeanette, I would like to acknowledge Nicola J. Crabtree,

Torgeir Engstad, Jonathan Reeve and Tom Wilsgaard, my co-authors, for their contribution,

scientific advises and rnethodological discussions. Furthermore, I would like to thank Rolf

Jorde for the valuable criticism of my papers and the treatise, and for giving me the

opportunity to perform the bone mineral density measurements at The University Hospital in

Tromso. I also acknowledge Sigurd Sparr, the medical staff at the Neurologic and Geriatric

Departrnents, and the therapists at the Physiotherapy Department at this hospital, for their help

and support during the study. A special thank to Randi Sorsdal for feedback on some of the

rnanuscripts and for fruitful discussions. Moreover, I thank Line Wilsgaard, Elin Hansen,



Grethe Hoel, Neshrin Mikkelsen and Merete Albertsen for expert technical assistance and for

heip by collecting and processing the data.

I also wish to express my sincere gratitude to the men and women who participated in

the studies. Without their efforts, this study would not have been possible.

During the last year, I have enjoyed the good, scientific atmosphere at the Institute of

Community Medicine, University of Tromsø. It has been very inspiring to be enclosed in this

working environment. I am especially indebted to the members of the Tromsø Osteoporosis

Study for letting me participate in their meetings and for sharing scientific knowledge.

I am also indebted to the research progranmie «Research on the Elderly in Tromsø» for

financing my years as a rescarch fellow as well as most ofthe study, and to “The Norwegian

Osteoporosis Society” and The University Hospital in Tromsø for additional financial support.

Finally, I want to express thankfulness to my life companion and dearest friend Johnny,

for continuous cncouraging support and patience.

6



LIST OF PAPERS

This thesis is based on the following papers:

I Jørgensen L, Jacobsen BK, Wilsgaard T, Magnus JH. Walking afier stroke: does it

matter? Changes in bone mineral density within the first 12 months after stroke. A

longitudinal study. Osteoporos.Int. 2000;1 1:381-7.

II Jørgensen L, Crabtree Ni, Reeve J, iacobsen BK. Ambulatory level and asymmetrical

weight bearing afier stroke affects bone loss in the upper and Jower part ofthe femoral

neck differently: bone adaptation after decreased mechanical loading. Bone

2000;27:701-7. (Published erratum appears in Bone 2001;28:140).

ifi iørgensen L, Jacobsen BK. Functional status ofthe paretic arm affects the loss ofbone

mineral in the proximal humerus afier stroke. A one-year prospective study.

Ca1cfTissue Int. 2001 ;68: 11-15.

IV Jørgensen L, Engstad T, Jacobsen BK. Bone mineral density in acute stroke patients:

low bone mineral density may predict first stroke in women. Stroke 2001;32:47-51.

The papers wilI be referred to by their Roman numerals in the text.

7



g



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 ofvascular origin”.’

Stroke is a major cause of death and impairment in elderly people.2’3 Data from the first

stroke register in Norway, collected from 1994 to 1996 in Innherred, Nord-Trøndelag 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.4The incidence of stroke increased exponentially by age, and in the group aged 75-84

years the incidence rate was 2 1/1000 compared with 40/1000 in the group 85 years.4 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.5 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.4

Based on data from Nord-Trøndelag, approximately 2% of the adult population over the

age of 20 have had a stroke, 56% ofthe stroke patients regard themselves as having impaired

mobility and 24% are full-time residents in an institution.6Other stroke related factors that

may influence dependency are sensory deficits, impaired balance, impaired visjon, depression

and neuro-psychological problems, e.g., neglect and apraxia. Arnong patients surviving a

stroke approximateiy 1/3 remain dependent with respect to ambulation and do not regain

normal arm function within the first 6 months after Ihe stroke event.7
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Fracture -

Fractures are more common in older than in younger people, and more comnion in older

women than in older men.8 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 aller the age of seventy, the

incidence of fracture of the proximal femur increases rapidly and this fracture becomes the

most common one.8 One explanation for this change in fracture type has been related to

decreased walking speed associated wjth an increased risk offalling to the side in old age.9

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 aller

a hip fracture is 20% in women and 34% in men,” and in a general Norwegian population

( 75 years) the risk of dying within I year aller hip fracture has been estimated to be 3 to 4

times higher than in controls.’2However, the excess mortality seems mainly to be related to

persons with reduced mental status, reduced somatic health and low physical ability.’3’4

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 aller the fracture

and 60% have difficulty with at least one essential activity of daily living.’5

Fractures n stroke patients

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

fracture 16.17 usually occurring at the paretic side.’7° Furthermore, it has been shown that

among patients with hip fracture, 8-29% have had a stroke prior to the fracture.’8’2022 The

consequences of hip fracture are more severe in paticnts with previons stroke ihan in patients

10



without stroke. First, because survival is reduced and, second, because only 39% ofthe stroke

patients who lived in their homes before the fracture are discharged back home compared with

63% ofthe patients without stroke.23

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.2429

Although most stroke patients with hemiparesis releam to walk,7 many walk asymmetrically

with less of their body weight through the paretic leg,3° and this may affect bone mass. With

respect to the arm, approximately 50% ofthe patients have reduced function immediately after

the stroke event and about 1/3 do not regain normal function within the following 6 months.7

Studies of stroke patients where bone mass of the total body has been measured descnbe a

larger reduction of bone mineral in the paretic arm than in the paretic leg,3133 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 ofdecreased motor function on bone loss afier stroke is,

however, unclear; most studies are crosssectiona1 and longitudinal studies on this matter are

extremely sparse with small populations followed 3’16 (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 ofthe non-paretic limb rather than bone loss at the opposite side. The true change

ofeach side, separately, can only be examined in longitudinal studies.

11



When the present thesis was planned (in 1995) only one longitudinal study on stroke

patients had been performed.32 Tt showed that the bone mineral content (BMC) decreased by

9% in the arm and 4% in the leg wjthjn 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.32 Later, in 1999, anotber longitudinal study with 19 stroke patients was published.

The patients were followed for i year, but included only non-ambulatory patients aud the

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

12
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Bone adaptation

Macroscopicaily, bone consists of 75-80% cortical and 20-25% trabecular bone. The

ratio ofcorticalltrabecular bone differs at different parts ofthe skeleton, and examples ofareas

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.47

Bone is a living tissue and 5-15% of the skeleton is exchanged annually.47 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.48

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.49

After the age of “peak bone mass” bone-resorption exceeds bone-fonnation resulting in a

gradual annual bone loss ofabout 1%, in women increasing to 1-4% over the decade afier the

menopause.5°Moreover, there may be an increased loss in the last decades oflife.5’

Over 100 years ago Wo1f52 suggested that bone vill 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.53 Frost distinguish between niodelling (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 rnechanical stram above or below

which the adaptation begins (figure I).

14



Figw-e I. Bone adaptation as a feedback system; illustration

Bone mass Immobilisation PhysiotogiC rangc 0crIoad range

resorplion >> forination resorptlon formation resorptlon < formation

The most extensive evidence in human studies supporting that exercise affects bone

mass has so far been obtained in cross-sectjonal studies of athletes. Generally, physically

active subjects have higher BMD than age matched sedefitary controls (see reviews by

Suominen,56Forewood,57Chilibeck 58), and the osteogenic effects oftraining seem to be quite

specific to the sites at which the mechanical strains occur.596° However, as prospective

exercise trials in pre- and postmenopausal women have demonstrated only modest (1-2%)

improvements in bone mass,6’ 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 ofimmobilisation on bone mass is site specific. As shown in a

review by Järvinen 62 musculosceletal injuries (e.g., fractures) result in bone loss mainly in the

regioris of the skeleton related to Ihe 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 mainy in

the paralysed paris ofthe body.

Several studies have shown that the most rapid bone loss occur during the first weeks

afier imniobiiisation; ihereafter the rate is s]ower.62’6971 The extent and rate of bone mass

recovery during remobilization have remained a controversial issue,70’72’73 bul il seems certain
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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.7174

The bone mass present at a given time in life is determined by factors that influence the

gain ofbone during growth änd those that influence bone loss in later life. Other factors than

level of physical aètivity include genetics, weight in infancy, hormonal status, nutrition,

several diseases and medication.7578

Bone densitometry

The fundamental principle behind dual energy X-ray absorptiometry (DXA) is the

measurement ofthe transmission ofX-rays oftwo different photon energies through the body.

This enables the masses oftwo types oftissue (e.g., bone and soft tissue) to be quantified. In

the earlier technique ofdual 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 littie 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 ofthe 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 scalming 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.79
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Absorptiometric data can be expressed both as bone mineral content (BMC) and bone

mineral density (BMD). BMD is an area density measurement (g/cm2) denved 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 J3MD tends to be more precise than BMC,8°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 (—5O llSv) compared with DXA ( 3 iSv) whereas the radiation dose ofpQCT

equals the dose of DXA.79 Measurements of the appendicular skeleton by use of pQCT may,

thus, be an interesting alternative to SPAJSXA, 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 patients478’ 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.82 Usually the calcaneus is measured, but sensitivity to the presence of oedema may

limit the precision,83 as also shown in a study on stroke patients.84
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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.85 Fractures are predicted best by BMD measurements from the relevant anatomical

sites86 and, thus, BMD of the femoral neck is a better predictor of hip fracture than

measurements ofother skeletal sites.85

Since the osteogenic effects seems to be site-specific to the anatomic sites at which the

mechanical strains occur,596’ it is essential to measure bone mass at the site of loading, when

one aims to evaluate the effect ofphysical activity or weiglit 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,7°

these regions may be ofspecial interest when studying the early effect ofdisuse.

Littie 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,87 the trabeculae of the cancellous tissue are usually oriented

50 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. When analysing

the strains in the femoral neck, Pauwells showed that the stresses increase more strongly

towasds the medial (Iower) border than towards the lateral (upper), and that the greatest

stresses anse on the medial side of the femoral neck. The density of the cancellous tissue and

the thickiess 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 1, paper II.

Therefore, with respect to the effect of loading it nust 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 measurernents of the lower femoral neck
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may give us a better estimation of the impact of physical activity on BMD changes in the hip

than measurements ofthe 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 ofien already present. Moreover, osteoporosis and stroke share several risk

factors otber than age such as smoking, low physical activity and hypertension.51’6’8894 Low

BMD and a high risk of stroke may, thus, be related, but studies on this relationship are

sparse. Browner et al.95’96 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 offalis and the increased rate ofbone loss.

Thus, the aim ofthis thesis was to investigate changes in BMD the first year afier stroke

and, further, to assess whether low BMD precedes stroke:
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AIMS OFTHETHESIS

• to evaluate the influence ofpost-stroke disuse and immobility on the rate ofbone loss

in the proximal femur (paper I).

• to investigate whether changes in bone mineral density in the Iower fernoral neck

(mainlyinfluenced by compressive stresses ofthe hip) differ from the changes in the

upper fernoral neck (mainly inflnenced 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 ifi).

• to examine the possible relationship between BMD and risk ofstroke in non

institutionalised elderly men and women (paper IV).
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SUBJECTS

Paper 1-1V

Patients

The patients in this thesis consisted of people with acute stroke admitted to The

University Hospital in Tromsø (RiTø), Norway. All persons with acute stroke from Mid- and

Northem Troms, a well-defined part of the county with 114 000 inhabitants, are supposed to

be hospitalised to RiTø.

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 bad been able to walk

without personal support prior to the stroke event. The patients included in paper 1-ifi had to

reside within a 2 hours drive from the hospital, whereas the patients in paper 1V were from the

municipality of Tromsø. Exclusion criteria were previous strokes affecting the sensomotoric

system, unconsciousness and terminal iliness, 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 1V, 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 I 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 III (measured at baseline and afier i 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 ofthe latter oup, because they missed

the 7-month measurements.

Table 2. Number of eligible patients included and followed for I year (paper 1-111)

Paper Patients (n) Time at inclusion Walks 1 week aller stroke
Elagible Included Followed for 1 year

i + II 42 42 17* Dec 95 - Aug97 No
24 23 23* June 96 - Aug 97 Yes
66 65 4Q*

III 37 37 281* April 96 - Aug 97 No

*Meased at baseline, 7 and 12 month 11Measaiied at baseline and aller 1 year

As detailed in the papers (1-111) the main causes for missing patients during follow-up

were severe disease or death.

In paper IV, patients both mobile and imrnobile I week after the stroke were included in

the study. Time of inciusion was June 1996 to August 1997. All but one of the 64 eligible

patients accepted to participate.

With respect to paper 1-ifi we did, unfortunately not, register the number ofpatients who

were not eligibie for the study. In paper IV, we found that 61 patients (49% of all stroke

patients hospitalised to RiTø in the period of inclusion) were not eligible for the study. The

cause was death, unconsciousness or severe disorientation the first week after 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.
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Figure 2. Site ofDXA-measurement in the ofpatients included in the study

DXA ofhip
Do not walk. n = 5

Paper 1, Il

DXA of hip and total body
Do not walk. fl = 37

Paper I, li, III

DXA ofhip
Walks, n 23

Paper I, Il

Site of DXA-measurement,
Ambulatory levd, number ofpatients included

Relevant papers

Time ofinclusion

— December 95

April96

June 96

August 97
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Paper IV

Controlsubjects

The control subjects ineluded in paper IV were randomly selected from the population

register of Tromsø 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 1-ifi

Bone densitometrv

In paper I, bone mineral density (BMD) was measured using dual-energy-X-ray

absorptiometry (Lunar DPX-L, versjon I .3z) at both proximal femurs mean 6 days (SD 4)

afier the stroke, and 7 months (mean 30 weeks, SD 2) as well as 12 months (mean 52 weeks,

SD 2) afier the first measurement. The patients who could not walk one week afier the stroke

wei-e also nicasured at two rnonth (mean 8 weeks, SD 1).
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The bone mineral density was determined at the femoral neck area and the trochanteric

area as described in the Lunar-manual.97The image files were later re-analysed using a beta

versjon of the Lunar hip strength analysis (HSA) program (version 3.7) (paper TI). In order

to evaluate regional changes in femoral neck BMD, upper and lower BMD values were

chosen from the HSA output (Fig 1, paper II).

In the patients described in paper III, BMD of the total body was measured using dual

energy-X-ray absorptiometry (Lunar DPX-L, versjon I .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.97The BMD ofthe proximal humerus was derived from the same total body

scan by means of the region of interest (ROT) program. The proximal humerus ROl was

located by using the ruler option, where the inferior part of the region was located 96 mm

from the most superior part ofthe humerus head.

Functional tests

The patients ability to walk, the motor ftmnction ofthe 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 aller 7 months.

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

Gait

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

Category” (FAC),98 which has proved to be useful in stroke rehabilitation.99Thescale assesses
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the amount ofhuman assistance rather than devices needed for ambulation, and scores from i

(chairbound) to 6 (independent on both level and non-levei surfaces). Patients who are unable

to walk unless supported by another person are categorised as FAC.2-3, whereas patients who

are abie 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.

Most patients relearn to walk within the first two to three months after stroke,100102 and

we therefore chose to use weight bearing seven months after the stroke as an integrated

measure ofsymmetry for the period the patients were followed.

Motor function of the paretic leg and arm

The Scandinavian Stroke Scale 103,104 is a measure used to assess the neurologic status

of stroke patients. The levd of consciousness, eye movement, orientation, paresis of the ann,

hand, and Jeg; facialis paresis, aphasia and gait is evaluated. In paper I and IV we used the

SSS subscore for motor function of the Jeg, and in paper III we used the SSS subscore for

motor fiinction ofthe arm. These subscores are graded in five categories (0: paralysis; 2: can

move but not against gravity (severe paresis); 4: raises leglarm with flexion in knee/eibow

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

leg/arm vith normal strength (no paresis).
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Spasticity

Spasticity of the paretic arm was assessed according to the modified Ashworth scale’°5

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 leif 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 (be

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 ofthe height in meters.

The control subjects completed a questionnaire about medical history including durrent

and previous cardiovascular diseases, cancer, diabetes and current use of medication. The

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

All statistical tests used in this thesis have been described in the papers (1-1V).

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 1-111. In paper I, we

also took into consideration that the measurements were repeated. In paper 1V, logistic

regression analysis were performed.

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

Social Sciences (SPSS).
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SUMMERY OF THE PAPERS

Paperi

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 aller 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 aller stroke onset using dual-energy X-ray absorptiometry.

Ambulatory status was independently associated with changes in BMD (pO.005) one year

aller 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<O.00l), whereas the 23

patients nitia11y able to walk had a significant loss (3%) only at the paretic side (p0.01). The

analysis also indicated that the major reduction in BMD took place within the first 7 months.

Two months aller stroke 12 of the wheelchair bound patients had releamed 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

va1k throughout the study were 13%, 8% and 3%, respectiv&y, and a statislically significant

trend with ambulatory levd was found (p=0.007). This study provides ciear evidence that lack

of mobility and weight bearing early aller stroke is an important factor for the greater bone

loss in the paretic leg, but that relearning to walk wjthjn the first two nionth afler stroke, even

with support ofanother person, may reduce the bone loss aller immobilisation.

29



Paper II

Ambulatory level and asymmetrical weight bearing after stroke affects bone loss in the

upper and Iower part of the femoral neck differently. Bone adaptation after decreased

mechanical Ioading.

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

niineral 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<O.Ol and pO.Ol respectively),

whereas for the upper femoral neck no significant trend was demonstrated (p0.l). 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<O.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 releam to walk, but also on the amount ofbody weight

bom through the paretic leg. Thus, measuring the lower part of the femoral neck may give a

better estimate ofthe impact ofgait and weight bearing than measuring the total fernoral 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 afier 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 aller the stroke. Bone mineral density (BMD) ofthe proximal humerus was measured and

the functional status ofthe paretic arm assessed. Furthermore, BMD ofthe head and spine was

measured. Within one year the BMD decreased significantly in the proximal humerus at the

paretic side. No sigriificant BMD-change was found at this site of the non-paretic ann, in the

spine and in the head, although the increase in bone mineral of the head approached the level

of significance (+ 2%, p=O.O6). Looking at subgroups, patients with an initial completely

paralysed arm lost 27% (p<O.001), patients with severe to moderate paresis lost 11%

(p<O.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 flmction was found both 7 month and one year afier the stroke at the paretic side

(p<O.Ol). Patients who were paralysed or had severe to moderate paresis both at inclusion and

aller 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<O.001). We conclude that during the first year after

stroke bone mineral is lost in the proxirnal humerus of the paretic arm, but that the loss

depends on the inilial degree paresis. Our resuJts suggest Ihat bone ]oss niay be prevented if

arm function is regained.

31



Paper IV

Bone. inineral 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 afier the onset of stroke.

The BMD ofthe 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 bad 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 significarit (p=0.003). The odds ratio for stroke

increased 1.9 per standard deviation (0.13 g/cm2) 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

Metbodological 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 ofthe inferences as they pertain to the people outside that population (external

validity or generalizabilily).”

Internal validity

Internal validity implies that the findings are not a result ofbias, 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 systeniatic error in the measurement of information on

exposure or outcome.

Selection bias

It is expected that all persons with acute stroke from Mid- and Northern Troms, a well

defined part ofthe county with 114 000 inhabitants, are admitted to RiTø. However, although

all stroke palients are supposed to be hospitalised, it has been shown (at least in an other part

of Norway4) 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

Trøndelag, Norway, 13.3% ofihe cases (fata] and not-fatal) were found outside hospital.4This

may also be inie with respect to onr study; sorne patients residcnt in nursing homes before
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stroke may have been eligible, but not included due to non-hospitalisation. However, as one

cnterion 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 TV.

With regard to the longitudinal studies (paper 1-111) the participation rate was high as all

but one eligible stroke patients hospitalised to RiTø accepted to be enrolled.

For logistic reasons, measurements of the total body BMD were started later than bone

densitometry ofthe 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 afier 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-II).

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 ofstroke patients we have studied.

Of the stroke patients included in the case-control study (paper TV), 51% were eligible

and all but one person agreed to participate. With respect to the control subjects we are quite

concerned about selectjon bias as 51% ofthe 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

34



invitation informed that they could only take part in the study if they bad no history of stroke

or hip fracture, but also that they could refùse 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 tl-c study due to the exclusion criteria or for other reasons

and, consequently not whether our co’itrol 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 Tromsø 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 seif-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) distnbution. 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 ofthe fourth Tromsø survey study

Woinen

Our control groupCharacteristics

The table shows that the prevalence ofrisk factors for stroke in a group ofsubjects from

the Tromsø Study and in our control group was quite similar or, ifanything, 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 littie co-operation from

the subject, and because of its high precision il is well suited for the measurement of changes

over time. Some systematic errors may, however, occur for exaniple due to changes in body

fat mass and changes in positioning between the measurements.

In 1990 Hangartner et al.’°7 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.’°8 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

Men

Population sample Our control group Population sample

BMI (kg/cm2),mean (SD) 26.9 (4) 26.7 (5) 25.4 (3) 25.1 (3)

Current smoker 18% 17% 23% 27%

Dnnks alcohol 56 % 52 % 84 % 78 %

Has diabetes mellitus 9 % 5 % 8 % 6%

Previous myocardial infarction 9 % 8 % 23 % 14 %

Anginapectoris 21% 15% 18% 18%

Medication for hypertension 26 % 21 % 20 % 17 %
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measurements was ihat they had previousiy 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 resuits, lai-d was wrapped around the iimbs ofvoiunteers (and a

phantom) simulating weight chariges. Spurious increases in BMC and areas were found,

whereas BMD feil 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 ROls 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.33 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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However, in the proximal humerus of the patients who had a paralysed arm at baseline

(SSS=O) 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 ifi can therefore not be explained by measurement artefacts due to increased

fat in the paretic arm.

TABLE 5. Mean bone area (cm2) and standard deviation (SD) in the proximal hmnerus at
baseline and after 1 year in the paretic and non-paretic arm in all patients followed and in tbe
most impaired patients, separately.

SSS arm at baseline Anatomic site Area at baseline Area at I year p value
mean (SD) mean (SD) (paired t-test)

0-6 (n28) Paretic arm 35.3 (6.6) 34.3 (9.3) 0.4

Non-paretic arm 38.5 (9.2) 38.4 (9.3) 0.9

0 (n9) 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

TABLE 4. Mean bone area (cm2) and standard dcviation (SD) in the proximal femur at baseline and aller I year
in the paretic and non-paretic leg in all patients followed and in the most impaired patienis, separately.

FAC at baseline Anatomic sjte Area at baseline Area at I year p value
mean (SD) mean (SD) (paired 1-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) 0.3

Trochanter 14.2 (2.6) 14.2 (2.8) 0.9

FAC I (n17) 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
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Proper positioning of the patient is ve!y important wlien bone densitometry is

performed. With respect to measurements of the proximal feniur, ihe 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 rnineral measurements. Goh et al.,0 measuring fresh frozen

cadaveric femurs, found that both BMD and BMC at 30 and 45 degree ofinternal and extemal

rotation were higher than the values at neutral position, highest at 45 degree intemal 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.’11 found in their in vivo study of 10 pre- and 10 postrnenopausal 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 oftrochanter was less influenced.

Stroke patients may over time develop strong spasticity with inward rotation, and

according to Goh et al)1° but not Svendsen et al.m this rnay, therefore, interfere with the

BMD-measurements. However, the bone loss ofthe femoral neck is then underestimated, and

this bias can therefore not explain our results (paper 1). To our knowledgc, no study has

evaluated the effects ofrotation ofthe arm on the BMD readings ofthe humerus.

In paper III, BMD ofthe 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 Rubenoffet al.’’2 The artefaci anses when pixels that include
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mass. Thus, ifa change in fat mass ofthe paretic leg is a confounder ofchanges in bone mass,

our measurements of bone loss may have been somewhat underestimated. With respect to

changes in body weight, Rarnnemark et aL have shown that this does not seem to influence the

changes in bone mass afier stroke.44

Although the main reason for development of osteoporosis in patients with stroke most

likely is due to the paresis and immobilisation, low intake ofe.g., calcium and vitamin D may

be factors influencing the bone loss. Several studies have found vitamin D deficiency after

stroke
121-26 probably because malnutrition is frequent,’

27’128 and because the patients may

stay indoors more often. In our study, we did not examine possible differences in nutrition

between subjects in the different gait- or SSS-categories. However, if the groups differed

substantially with respect to food habits (e.g., intake ofvitamin D) this might to some extend

explain the differences between the groups consisting ofsubjects at different funetional levels,

but probably not that the bone loss was larger in the paretic than in the non-paretic leg or arm.

Warfarin is used in the treatment ofpatients with atrial fibrillation. It has been suggested

that BMD is significantly lower in stroke patients with long-term warfarin treatment than in

untreated patients, and that the difference between BMD ofthe paretic and non-paretic side is

larger in the latter group.’29 If atrial fibrillation was present mainly among the most severely

impaired patients and these patients therefore had been treated with this medication, warfarin

use could contribute to our findings. However, in a study by Jørgensen et al.,’3° aiming to

examine what determines recovery in patients with severe stroke, no difference was found

with respect to presence ofatrial fibrillation and good versus poor outcome.

From a theoretical point of view several potential confounders may be considered in

paper IV. With respect to the women, BMD of the femoral neck was at least 8% lower in the

stroke patients than in the control subjects, also when we adjusted for the variables in table I

(paper IV) (pO.O1 when the variables were cntercd one-hy one in an univanate analysis 0’
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variance model). In men, there were still no statistical significantly differences in BMD ofthe

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 ofien are confused, and more of our patients

had aphasia or cognitive dysfunction 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 ofour fïndings 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/cm2 to 0.9 g/cm2 (SD 0.1)) using a paired t-test has to be at least 3 (u =

0.05 and F3 = 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 (-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 1-111), which cannot be explained by lack ofstatistical 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 fl error) is

then, simultaneously, larger. We did not adjust for multiple comparisons, first, because the

statistical tesis 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.’31

Other considerations with respect to our measurements

Time ofthe 1st measurement

I3MD in the patients was measured approximately i 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 BMJD values of the paretic and the non-paretic side

at baseline. Furiherniore, as the mean bone loss afier 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 Iover 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,32 to assess prospectively

the risk of hip fracture,’33 and in a large European cross-sectional study to explore possible

age related differences in BMD loss in these rwo parts ofthe neck.34 It is, however, still an

experimental software, and further studies ofits validity are strongly needed.

Gait and weight distribution in standing

We ciassified 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 ofweight bearing.

Our assessment of asyrnmetrical weight bearing is also somewhat limited. The BPM

provides measurements of the lefl-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 ofweight bom by the hemiplegic limb during

standing may not result in a concomitant improvement in interlimb symmetry during

walking.’35 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 Ioading.36
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SSS and spasticity

The SSSsubscore 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.137 found that weakness (mild,

moderate or severe) was a powerful predictor of dressing, feeding and hygiene performance

afier stroke. Furthermore, Bohannon’38 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 ofthe modified Ashworth scale has, however, been proved to

be good when tone ofthe elbow flexors are tested in stroke patients.105139
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External validity

Based on estimations from the Tromsø 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-II). Not eligible were eg., patients who bad 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; ifanything 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 ifi), only patients who were unable to walk one week afier 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 afier the stroke.

Other factors that may threaten the external validity of our study (paper 1-ifi) 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 STUD{ES COMPARED WITH OURS

As reviewed in the introduction, vei-y few studies have prospectively assessed changes

in BMD affer stroke. One study conducted in Sweden by Ramnemark et aI.43 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 aud the influence of motor function or

ambulatory leve! 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 significant trend with ambulatory leve! was demonstrated.

A major focus in rehabilitation ofthe hemiparetic stroke patient is the improvement of

balance through increased loading of the affected lower Iimb, resulting in a more symmetric

standing posture.’40142 We showed that walking early aller stroke and symmetrical weight

bearing in standing is also important for preserving bone mineral in the !ower femora! 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 physica! activity showing that the osteogenic effects of training

seem to be quite specific to the anatomic sites at which the mechanical strains occur.143’144

Osteoporosis in the paretic arm aller 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 144 find that good functional status and musc!e strength are

protective against bone loss,3242 aud that spasticity is associated with bone loss on the

trabecular site.42 Other studies find no correlation between motor function andlor spasticity of

the arm and demineralisation.33’43Also studies of patients vith paresis due to a spina! cord
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injury presents inconsistent results. Kirateli et aL’45 describe significantly greater bone mass in

the arms of paraplegic subjects as welI as quadriplegic subjects who habitually uses manual

wheelchairs, but reduced bone mass in quadriplegics who are unable to use a manual

wheelchair. In contrast, Garland et al.65 find reduced arm bone mass in both quadriplegic and

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 ofthe body may be

redistnbuted to other parts of the skeleton. Ramnemark et al.,43 who found a 6% significant

increase in BMD in the ultradistal radius ofthe non-paretic arm i year aller stroke, argued that

altliough 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 ofthe proximal humerus on the non-paretic side increased. The BMD-change in the

head did, however, approach the level ofsignificance, which may indicate that a redistribution

of bone mineral may have occurred in our patients. A similar increase in bone mass of the

head aller immobilisation has also been found in other studies, as for example in people

volunteering in long duration bed rest.’46

Both cross-sectional and longitudinal studies of stroke patients find greater proportional

losses in the upper Iimbs than in the lower limbs on the paretic side.3 This may be an

indication that rehabilitation aiming at regaining mobility aller stroke is more effective at

arresting bone ioss in the lower limbs than the upper ljmbs. Another explanation is proposed

by Kerr et al.!44 who suggests that different sites in the skeleton may have different

osteogenetic thresholds for Ioading, and that the bad thresholds for the upper Iimb may differ

from Ihose of the weighl bearing bones ofihe 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 aI.96 However,

whereas Browner et al. showed that the risk was related to BMD of the calcaneus and

proximal radius, we found that it was related to BMD of the proxirnal 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).96 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 RESEARCJ-I

Exercise as treatment to prevent bone loss?

There is an ongoing discussion related to the importance ofbone 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.85”47”48 However, although factors other than Iow bone mass, such as fall-related

factors, and geometric and micro-architectural properties of the bone contribute to the risk of

fracture,’49’52 low trauma fractures rarely occur in the absence of reduction in bone

mass.’53”54

The results of exercise trials aiming to increase bone mass in elderly people are rather

disappointing,’55and prevention of severe bone loss is therefore important. As we show that

bone loss atter stroke is related to impairment, friture studies exploring if intensive exercise

and/or weight bearing in a standing position early atter 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 atter 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 ‘ 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 cervjcal fracture. Some studies,’8’20’56but not all,’7 have

found that among stroke patients trochanteric fracture may be relative more common than

fracture ofthe femoral neck.

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

bone, is that risk factors for falis such as lov.’ muscle mass, muscle strength, poor balance and
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coordination may be influenced simuttaneously.’57 Compared with individual factors, low

bone mass combined with other risk factors for fracture increase fracture risk substantially.’58

Because many stroke patients not only have low bone mass, but also are at increased risk of

fa1ling,2429 strategies for fracture prevention should include efforts to diminish the number

and seventy of falis. Moreover, protection of the critical anatomic sites of the human body

(especially the hip) may be worth considenng. Use of external hip protectors may reduce the

number of hip fractures considerably as shown in frail elderly

A positive effect of exercise on bone mass seems only to be established if sufficient

calcium is available (>1000 mg/day).’6’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.’62 This may also be true for stroke patients where malnutrition is a frequent

problem.’27”28Moreover, vitamin D supplementation may have an effect in these patients

deficiency ofthis vitamin may be common and supplements may decrease the bone loss.’21’26

A combination of exercise aud bisphosphonates, known to be powerful inhibitors of

osteoclastic bone resorpjfl,63 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 ofosteoporosis)’8

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 oftreatment, BMD ofthe 2uid metacarpal on the paretic side decreased by 2.3% in

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

ROls ofthe 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.7 by

showing that women with acute stroke have Iower 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

ofpostmenopausal 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.’65

Vascular calcification occurs more aften in women with osteoporosis.’66168 In a study

by Uyama et aI.’67 a significant correlation ofplaque 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.1”68”69

The association between cardiovascular disease and osteoporosis may also be related to

b]ood pressure. In a large study of 3676 women high blood pressure at baseline predicted

increased bone loss during the 3.5 years offotlow-up.88A cross-sectional study of 47 men also

showed that blood pressure was inversely related to bone mass.’7°In a recent study, Jorde et

al)7’ showed that reduced intake of calcium was associated with high levels of serurn

parathyroid hormone (PTH). Furthermore, this was associated with moderately reduced BMD

in the lumbar 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 rislc factor for cardiovascular diseases. Most studies, but not

all, have rcportcd low BMD values in type I diabetes,172 and in postmcnopausal women it has



been shown that while insulin-dependent patients had relatively low BMD, non-insulin

dependent patients had higher BMD than normal women.’73Results from the Nord-Trøndelag

Health Survey N showed that women younger than 75 years with type I diabetes or with type

II 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 itseif 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.6’7”°’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 afier stroke, even with support of another person may, however, reduce the bone

loss afier 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 afier

stroke, but also on the amount of body weight bom through the paretic leg. Thus, measuring

the lower part ofthe femoral neck may give a better estimate ofthe impact ofgait 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 ofthe 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.



ERRATA

Paper I:

Reference 18 should be: Lindenstrøm E, Christiansen LW, Hansen BR, Nielsen 8W.

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 ofthe paretic leg in the

patients unable to walk at 7 months should be 1.01 (0.17).
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Walking after Stroke: Does It Matter? Changes in Bone Mineral Density
Within the First 12 Months after Stroke. A Longitudinal Study

L. Jørgensen, B. K. Jacobsen, T. Wilsgaard and J. H. Magnus
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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 i year after stroke onset
using dual-energy X-ray absorptiometry. Ambulatory
status was independently associated with changes in
BMD (pO.005) I 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<O.00l), while the 23 patients
initially able to walk bad a significant loss (3%) only at
the paretic side (p=O.Ol). 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 re]earned to walk. At the
paretic side the 1 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 througbout 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 anotber 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 fl].
Nearly all fractures occur on the hemiplegic side [2.3]
and although the tendency to fall to the herniplegic side
is clearly a risk factor, reduced bone mineral density
(BMD) may be anotber important predisposing factor
[4—61. 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 Joss in the paretic leg may be an important factor
for the increased prevalence of osteoporotic fractures in
these patients. Elucidating the rale 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
beanng 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 Tromsø, 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
t.rically, 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
wa[k 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 Measnre,nents. BMD was
measured using dua]-energy X-ray absorptiometry
(Lunar DPX-L, version I .3z; Lunar, Madison, W1) at
both proxirnal 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

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 ofvariation (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). Furtherrnore, 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

÷x2)2/(2N)

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

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

Funcrional Tests. The patient’s ambulatory level and
motor function of the lower limbs were assessed
immediately before the BMD measurements. We
ciassified 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 levd 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 [17,181.
The score is graded in five categories (0, paralysis; 2, can
move but not against gravity (severe paresis); 4, raises
leg with fiexion in knee (moderate paresis); 5, raises leg
straight but with reduced strength (mild paresis); 6,
raises leg with normal strength (no paresis).

Statistical Analvsis

The data were analyzed using the Windows 7.5 versjon
of the Statistical Paekage for the Social Scjences (SPSS).
Chi-square test was used for categorical values and
Student’s t-test for continuous variables. Analysis of
‘ariance (ANOVA) was used to compare BMD changes
between FAC groups, and ljnear trends in reduction in
BMD according to FAC group were evaluated with
contrasts. ANOVA with repeated measurement design
‘as conducted to explore the independent effects of
time. functjonal levd (FAC) and paretic/non-paretic leg
for change in BMD.
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Statistical correlations between FAC and SSS were
evaluated using Spearman’s rho (rs).

Results

Characterisrics of the Study Subjects

Of 66 eligible patients, 65 agreed to participate. Within i
year 12 patients died, 2 decided not to continue in tlie
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 foliow-up examination, too ill for the
iong journey. Five patients were excluded during Ihe
study: 1 had a hip fracture, 2 had new strokes and I had a
below-knee amputation. Additionally, we excluded 4
patients in the i year follow-up as 3 missed the 7-month
measurements due to severe iliness and 1 had
unsatisfactory scans.

This left us with 40 patients. Table i 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 waik (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 I group and FAC 2—6
group (p0.4), 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 i group did not differ significantly from that in
the FAC 2—6 group at haseline (11/6 vs 10/13
respectively, p = 0.2). There were also no significant
differences between the FAC i 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 nu 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 initiaily
wheelchair-bound patients had releamed to walk with or

without personal support (FAC 2—6), and by 7 months all
but I had relearned to waik. The BMD baseline values of
subjects who were ciassified as FAC 1 and FAC 2—6 at 2
months after the stroke did not differ significantly
(p>O.6) (data not shown).

Changes in Bone Mineral Densiry

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
(,pO.OO3)and adjusting for gender did not change the
results in BMD loss, neither for the 7 months for for the
i year evaluation. When contrasting the extremes, i.e.,
the paretic Jeg 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) (p0.O05) and paretic/non-paretic status of the
leg (pO.O2) were tndependently 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 (p0.3) (Table 2).

We also compared the patients according to motor
function of the lower limbs at baseline. As the SSS
ciassification was highly correlated with the FAC
classiflcation (r5 = 0.9, p<O.00I) 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<O.O5) (results not shown in tables). At the non
paretic side the loss was 1% and not statisticafly
significant (p = 0.8). Five of the patients, still categorized

Table 1. Patient characteristics at inclusion

Patients follossed Patients not Difference
for I year followed for I year between groups:
(n = 40) (it = 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: RJL) 19/21 10/15 06
Functional Ambulation Category (n; FAC: 1/2—6) 17/23 12/13 0.7
Parçtic leg

BMD (g/cmi, mean SD. neck 0.82 (0.15) 0.79 (0.18) 0.5
BMD (g/cm2). mean (SD), trochanler 0.81 (0.17) 0.79 (0.22) 0.8

Non-paretic leg
bMD (g/cnii, mean (SD). neck 0.81 (0.l5) 0.80 (0.l7) 0.8
BMD (g/cm’), mean (SD), trochanter 0.80 (0.18) 0.78 (0.22) 0.8
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Table 3. Mean changes in BMD (g/cm2)in the femoral neck from baseline to the measurement I 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% CI), and mean (95% CI), and
% change % change

Wheelchair-bound (FAC 1) at baseline and by 2 months 5 —0.10 (—0.19; 0.00) —0.05 (—0.14; 0.04)
—13 —5

Wheelchair-bound (FAC I) at baseline but walks (FAC 2—6) by 2 months 12 —0.07 (—0.11; —0.03) —0.04 (—0.08; 0.00)
—8 —5

Walks (FAC 2—6) at baseline and by 2 months 23 —0.02 (—0.04; —0.01) —0.01 (—0.04; 0.01)
—3 —1

p value for linear trend 0.007 0.2

as wheelchair-bound (FAC 1) after 2 months, had a
BMD reduction of 13% at tbe paretic side and 5% at the
non-paretic side i year after stroke (Table 3). Probably
because of the few subjects in (be analysis these changes
were of marginal statistical significance. The 12 patients
who relearned to wallc within 2 months had lost 8% of
their bone mineral in (be femoral neck at the paretic side
(p = 0.002) and 5% at the non-paretic side (p 0.04) i
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 wallc within the
first 2 months, and the 23 patients who were able to walk
throughout the study, a statistically significant trend with
ambulatory levd 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 (resuits not shown).

Discussion

This study investigates two clinically significant ques
tions in a longitudinai design; first, whether (be ability to
walk shortly after stroke infiuences 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 montbs. Our results cleariy
indicate that ambulatory status both immediateiy after
the stroke and at 2 months are important.

We chose to determine the BMD in the proximal
femur, 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 hemipiegic
patients. These studies show a 4—7% difference between
the paretic and non-paretic leg, and are thus in

agreement with our resuits. In (be previous longitudinal

study [13] the BMD loss in the paretic and non-paretic

leg corresponded to the loss found in our wbeelchair
bound patients, but as only stroke patients generally
immobile were inciuded, the infiuence of motor function
or ambulatory level could not be examined appropri
ately. We included patients at different arnbuiatory
levels and showed that ambulatory status at baseline was
independently associated with the changes in BMD
(Tabie 2). Moreover, the effect of wa[king was further
strengthened as a statistically significant trend with
ambulatory level was demonstrated (Table 3).

In the wheelchair-bound patients (be deniineraiization

was significant in both the paretic and the non-paretic
leg. indicating that (be loss of bone mineral is a result
not only of (be hemiparesis but also of a general
reduction in physical activity. A1(bough a bilateral BMD
reduction as seen in paraplegia [8] might have been
expected, we found that (be ioss was significamly larger

in (be paretic leg compared with (be non-paretic leg. As
stroke patients often stand wi(b more weight on (be non
paretic leg during transfers, this may explain the side-to-
side difference in our wheelchair-bound patients, and as
ambulant hemipiegic patients also have problems in
transferring weight to (be paretic leg [23], this may aiso

be the reason why our patients who could walk at
baseline (FAC 2—6) had a significant bone ioss oniy at
(bis side. Additionally, not solely the Iack of weight

bearing but also (be iack of muscle puli at the paretic
side may be a possibie explanation for (be difference in
bone loss.

The loss of bone mineral after a spinal cord injury is

generaliy larger in the lower paralyzed limbs than the
loss demonstrated in the proximai femur in the stroke
patients included in our study [24]. The reasons may
include the fact that patients with spinai cord injuries are
oflen younger and that (be 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] (bat in patients

with a complete lesion (be bone ioss in the iower limbs

as a whole attained 25% by the end of the first year,
while patients with a partial recovery, able to walk or



386

stand in an upright position, had a mean loss of 10%
within I year.

In elderly people a mean decrease in BMD of 1—1.5%
per year is expected [25,26]. We found a much higher 1
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 liinited. The
major cause for not completing the study was severe
disease or death, which was not unexpected considering
tite 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 i 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 exarnine 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 exlent exp]ain 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

L. Jørgensen et al.

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, bot 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
Iack 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 delermine
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 resuks may
suggest.
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Ambulatory Lcvel 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

L. JØRGENSEN,’ N. J. CRABTREE,2 J. REEVE? and B. K. JACOBSEN’

Insurure af Communirv Medicine, Unirersirt af Tromsø, Tromsø, Norway

2Universirv Deparrmenr of Medicine, Addenbrooke ‘s Hospital, Cambridge, UK

The ajm of this 1-year prospective study of acute stroke
patients was to determine the elTects of walking and asym
meirical weigh( bearing on the loss of bone mineral in Ihe
upper and lower femoral neck. Forly 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 tbe first week
after stroke and 1 year later; regional BMD changes were
computed for the lower and upper femoral neck. The Iower

part of the femoral neck is mainly influenced by compressive

stresses of the hip, Ihe upper part by tensile stresses during
walking. When comparing mean RMD loss in groups of
patients according ta when they relearned to walk, a statis

tically signiticant trend in BMD loss was found in the lower
femoral neck on both the parelic and nonparetic sides (p <

0.01 and p = 0.01, respectively), whereas. for the upper
femoral neck, no signiticant trend was seen (p 0.1). In

addition, the body seight distribution during standing was
assessed by use ofa force-plate in 38 patienta 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 (be lower part of the neck and on the paretic side.
The BMD loss depended on shen or if the patients relearned
to walk, but also on (be amount of body sieight bom 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) 0 2000 by Elsevier Science mc. All rights
reser,’ed.

Key Vords: Borte minerul density (BMD); Gait; Osteoporosis;
Stroke; Weight bearing.
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Introduction

The incidence of hip fracture in stroke patients is two- to fourfold
higher Ihan in the general population,33 and nearly all the

fracturen (80%—l0O%) occur on the hemiplegic side.42832
It has been well documented that immobility leads to a

reduction of bone mineral density (BMD) in Ihe lower extremi
ties,14172327SS and in an earlier longitudinal study of stroke

patients we showed that (he loss of bone mineral in the femoral

neck was significantly higher on the paretic side an compared

with the nonparetic side. The bone loss was dependent on the

pamient’s ambulatory levd at baseline and whether the patient had

relearned to walk 2 monthn after the ntroke.’9
The levd of impairment following stroke differs greatly

between patients; that is, in some individualn, the abiLty to walk

is not affected at all, others releam to walk within a few months,

and some remain complelely wheelchair-bound. In addition,

many embulatory patients walk asymmetrically with less of their

body weight carried through their affected leg.2-’°-’6 Measure

ments of BMD in the femoral neck is a strong predictor of hip

fractures7925 and therefore it is important to elucidate how

changes in mechanical loading (length of time ambulating and

asymmetrical weight bearing) might influence the loss of bone

mineral.
lt is unknown whether the changes in BMD after stroke are

uniform across the femoral neck Dr whether there are regional

differences. The trabeculae of the cancellous tissue are usually

oriented so as to resist axial deformatmonal stresses (ether from

weight bearing or from muscle activity) and their number, size,

and distribution are related to these forces.3°Pauwells30analyzed

the strains in the femoral neck and showed that the stresses

increase more strongly tossard the medial (lower) border than

toward the lateral (upper). and (hat the greatest stresses arme on

Ihe 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 cortes much

thicker on the mediat than on tIme 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

largest changes in BMD in the lower part of the femoral neck in

patients ut Ihe lowest amhulatory levd. and a stronger association

hemween asymmetrical weight hearing and changes in BMD of

the medial (lower) part of the fernoral neck than in tIme lateral

(upper) part. Not only from a hiomechantcal, but also from a
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Figure 1. Image from the HSA program. (A) Upper femoral BMI) ROt.
(8) Lower femoral neck BMD ROt. The region is selecLed as the
standard lemoral neck ROl bisecled by Ihe 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 activily 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 Ihe femoral neck.’9 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 Ihe
hip) differ from the changes in Ihe upper femoral neck (mainly
intluenced by tensile stresses) according to when or if the
patienis started to walk after the stroke. The second aim was to
examine whether asymmetrical weight bearing following stroke
was associaled with an acceleraled bone loss, especially in the
lower part of Ihe femoral neck on Ihe paretic side.

Subjects and Methods

Subjecis

The patients and recruitment procedures have been described in
detail elsewhere.’9 In brief, the patients had acute strokè, 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 exc!uded. Other exclusion criteria in
ciuded: prcvious strokes affecting the sensomotoric system; un
cotlsciousness and terminal illisess; presence of osleosynthetic
material in the femoral neck; history of hip fracture: and unilat
eral bone diseases affecting BMD asymmetrically, such as os
teosarcorna and osteomyelitis. lnformed consent ssas obtained
from each participant according to the Second Helsinki Decla
ration, and the trial was approved by the regional committee for
niedical research ethics.

,l4er/iods
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Lunar, Madison, Wl). The proximal femur was measured on both
ihe paretic and nonparetic side, on average 6 days after the stroke
(SD 4 days) and again at 12 months after ihe first measurement
(SD 20 days). To minimize interobserver vanation 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.’9
The image files were then reanalyzed using a 3 version of the
Lunar hip strength analysiS (HSA) program (version 33.7). This
software han been used previously to sludy BMD in healthy
women and men,31 and to assess prospectively the risk of hip
fracture» To evaluate regional changes in femoral neck BMD,
upper and lower BMD values were choseti from Ihe HSA ousput
(Figure I). 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 (cv.) 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 (ROl) for the same data sel (cv.
= 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.

Gai!. An evaluation of the patient’s gait ability was made at
baseline and at 2,7, and 12 months after stroke. We classified the
palient’s ahility to walk by using the “Functional Ambulation
Calegory” (FAC) scale,lS which has proven to be useful in stroke
rehabilitation)6The scale assesses the amount of human assis
tance rather than ihe devices needed for ambulation, and scores
from I (chairbound) to 6 (independent on both levd and nonlevel
surfaces). Patients who are unable to walk unless supported by
anotber 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.

Measure,nenls of iseighr disiribution in standing. As Ihe
FAC scale does not retlect any aspects of asymmetrical posture,
we assessed patients’ body weight distribution dunng bilateral
standing using the Balance Performance Monitor (BPM. SMS
Healthcare, Elizabeth House, Harlow, UK). The BPM provides
measurements ol 0w left-right weight distribution. and “mean
%weight-hearing” is defined as Ihe average percentage ol total
body weight bom on each leg during standing throughout the
lest. The equipment consists of two movable footplates linked to
the rear of the display console and an IBM-compatible computer
vith DATAPRtiT, v3.00 software. The measurement sensitivity for
all tests was standardized for “sensitivity X I” and with a
sumpling frequency of 300 Hz.

During Ihe lest the patients wore their nbmmal 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
plales. If needed. lielp was giscn to position the feet. but 0w
standing posture was not corrected. The lest lasted for 30 sec
during which thc 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 subjcct did not receive any feedhack
during the lest.

The precision was tested by measuring Ihe left-right weight
distrihution twice in len stmoke patients. mean age 77 years (SD
7). The two measurements were done consecutively during ihe
same day ssith 2—3 min iiitervals, and each suhject ssas seated in
a chair hetwecn ench measurernent. The cv. was 3.h/c.

Boiie niineral dcnsitv ,ncuiu,enient,s. B MD ssas measured using
dual-energy X-ray ahsorptiometry (Lu\As DPX-L, versjon I .3z.
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Table 1. Mean bonn mineral density (BMD, g/cm2) and standard deviation (SD( in the proximal femur ut husetine in ihe paretlc und nonpuretlc Ing
and mean BMD changes from buseline to measurement afier I year (9S’ confidence interval) in patients who could not walk at ihe 7 month
esaluation and patients who cou)d watk

p-value for
Wa)ks at 7 BMD at buseline Chunge at ycar p value differenre at Iosser/
months Anatomic site mean (SD) mean (95Vr Cl) for change upper femoral ncck

No (n = 8) Paretic leg Lower femoral neck 1.10(0.17) —0)4 (‘‘0)9 to —(1.09) <0.001 oooi
Upper femoral neck 061 (0.13) —006 (—0.10 to —0.02) 0.01

Nonparetic leg Lower femoral neck 1.07 (0.13) 0.06 (0.t4 to 0.02) 0.1
03

Upper femoral neck 0.64 (0.10) —0.03 (—0,07 to 0.02) 0.2
Yes (n 32) Paretic Ing Lower femoral neck 1.00(0.17) —0.03 (—0.05 to —0.01) 0(103

06
Upper femoral neck 0.60 (0,17) —0.04 (—0.07 to “0.01) 0.0)

Nonparetic leg Lower femoral neck 0.99(0.18) —0.02 (“0.04 to 0.00) 0.1
03

Upper femoral neck 0.58 (0.15) —0.01 (—0.03 to —0.01) 0.5

As most patients releam to ssalk wjthjn the first 2—3 months
after stroke’°9we chose to use weigh hearing at 7 months
after stroke as an integrated measure of symmetry for the period
the patienis were followed.

Stari iiical Anal\’sis

Data were analyzed using the WtNoows 7.5 version of the
Statistical Package for the Social Sciences (SPSS). The Chi
square lest was used for categorical values and Student’s 1-lest
for continuous variables. Analysis of variance (ANOVA) was

used to cornpare absolute changes in BMD between FAC groups.
and linear trends in I year BMD changes according to FAC
group were evaluated with contrasts. Because of small number of
subjects in some of lIse subgroups, nonparametric tests were also
applied (Wilcoxon signed-rank lest and Kruskal—WaIIis test for
testing svithin-group and hetween-group changes, respectively).

Relations hetween individual “mean %weight bearing” and
BMD changes ssere evaluated using Pearsoo’s correlation coef
fiment. and multiple linear regression was performed to eva)uate
the lnlpact of FAC group and %weight bearing to changes in
B MD.

Resulis

Cltaracleristics of Srttds’ Suhje’cfs

Of the 66 eligible patients, 65 agreed to participate. Within I
year. 12 patients died. 2 decided not to continue in ihe study, and

2 bad been transferred to nursing homes situated at a >2 h
driving distance from ihe hospital. At the the time of follow-up
esamination they were too il) for the long trip. Ftve patienis were
excluded during Ihe study: one had a hip fracture; tsvo were
immobiliced due to diahetic foot ulcers and be)ow-knee ampu
tation; and two had new strokes. In addition, we excluded four
patients as threc missed Ihe 7 month measurements due to severe
illness and one had unsatisfactory scans.

This left us with 40 patients, 21 men and 19 ssomen, with a
mean age of 75 years (SD 8). Ntneteen were parettc on Ihe right

side and 21 on ihe left side. We found no signtficanl differences
with regard to age, gender. stde of hemiparesis, and bone mineral
density in the femoral neck at baseline when lIse group of 40
patients fo)lowed for the entire year and the 15 patients not
included in our analysis were compared (results not shown).

At 7 months. [he disihution of the pattents accordinii to FAC
catenory (1—6) ssas I, 5, 2. 3. 9, and 20, respectively. Thus. 32
patients were able to walk ss ith no personal support (FAC 4—6)

Table 2. Mcm bone minerat densit> )BMD: g/cm2) and standard des iation (SD) at basetine aud mean BMD changes from baseline to measurement

after I year (95% confidence intersal) according to ss hen patients began to ss.ilk after stroke

Paretic side Nomiparetic side

BMD ut BMD at Change at 12 months:

hasehne Change at 12 ntonths: haseline Mean (95% Cfl, aud

Time when wa)king mm niean (SOl Mean (95% Cl), and ‘/c change p-vaIUe mean (SD) % change p-vatue

(A) Losser femora) neck
Watked at basetine 12 0.93(0.14) —0.01 (—0.04 to 0.03). — 1% 0.7 0.94 (0.12) ((.0(1 (—0.04.0.03). (1% 0.8

Watkcd by 2 months IS .0-1 (0.20) —((04 (—0.07 to —0.01). —4% 0.01 lOt (0.23) —0.01 (—0.03-4)01),-- 9 0.4
Walked by 7 months 5 ((3 (11.12) —0.08 (—0.14 to —0.02). —8% (1.03 1.02 (0.10) 0.08 (0.16—0.00),7% ((.053

Imnmi,hile by 7 months 8 .0) (11.17) —0.14 (—0.19 to —0.110). — (4% <0.1(01 1.1)7 (0.13) —0.06(—0.14—O.02,—6% 0.)

.salue for linear trend p < 0.18(1 = 0.01

B) Upper femoral neck
SValked by haseline 2 0.52(0)4) —001 (—0(1610 0.04). —2% 0.8 050(0.12) 0.O(l(0.04-4(05(, 0% 0.9
SValked by 2 nonhs IS (I 68(0 (9) —0.06 (—0.11 0 —0.1)2k —9% 0.0) 0.63 (0.18) 0.00 (‘—0.03—11.02) (1% 0.9

SValked h 7 months 5 ((.59(0.11) —0044 (—0.10 to 001), —7% 11.1 06(1(006) —0.1)51—11.12—002) 8% 0.)
Iminohile by 7 months 8 06) (0(3) —(1.06 (—0.1010 —OIL). —1)1% ((.0! 064(0.10) 0.03 (0.07002( ‘S% 0.2

j,-s alue for )Jnear trend = 0.2 (5 = 11.1
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7 months after stroke, whereas 8 were stil! unable to walk alone
(FAC 1—3). There were nu signilicant differences between the
FAC 1—3 group and Che FAC 4—6 group with respect to age,
gender, side of hemiparesis, use of medication known to affect
bone metabolism, or baseline BMD values, and no statistically
significani differences between the baseline BMD values in the
paretic and nonparetic leg (results not shown).

Changes in BMD According ro Gait

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

Both upper and lower BMI) values on the paretic side
decreased significantly during the first year after 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 I year
BMD change was significantly higher in the Iower femoral neck
than in the upper femoral neck on the paretic side = 0.00!).
On the nonpareiic side. aud on ihe pareiic 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 signiticantly more bone mineral in the
lower femorai neek 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 respeci 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 ssho could walk at the 7 month
evaluation, 12 had heen able to do so at baseline (FAC 4—6
throughout the study), 15 bad releamed 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 I year afier stroke. a statistically significant trend
was shown for the lower femoral neck on both the paretic and
nonparetic sides (jr <0.0! and jr 0.01, respectively). whereas.
for the upper femoral neck. no significant trend was demon
strated (jr 0.1) (Table 2, paris A and B)

Correlation Between Changes in BMD and Asvnunetrical
iVeil(Iit Bearing

At the 7 month evaluation weight bearing was measured in 38 of
the patients, whereas Ihe remaining 2 patients were unable to
stand unsupported. The 32 patients svho could walk indepen
dently svere standing with significantly more of iheir body
weight on the parctic leg compared with the 6 immobile patients
ssho. although not able to malk independently. could stand
unsupported for 30 ser (“%sveight bearing” mean 35% ss. mean
48%, jr = 0.003). The amount of bad on the paretic brg also
depended on when ihe patients reicarned to ssalk, ssith increasing
asyrnmetrv in ihe patlents ssho ssalked late or stayed immobile
jr 0.00! (for linear trend) (Table 3i.

The correlation between asymmetrical weight hearing and
BMD chanres in ihe lower as well as the upper femoral neck.
measured in the 38 patients ho roald stand unsupporied by 7
months. is presented in Figure 2. The only significant correlation
between “%weight bearing” and change in BtslD ssus ihat with
lite losser femoral nerk on ihe paretic side (r 0.6. jr <0.00!).

Multiple linear regression analysis con rmed that hoih he

Bone Vot. 27, No. 5
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Table 3. Mean perceni sseight on the parecic brg at 7 months in 38
patienis who wcre able to stand independenily, according io
when they began to rualk after che stroke

% weight on ihe paretic kg
Time when waIking i, mean )SD)

Watked by baseline 12 51 (6)
Walkedby2monihs 15 48)bb)
Wulked by 7 monihs 5 43110)
Immobite by 7 months 6 35 (10)
p-value for binear trend 0.001

time the patients started to walk and the amount of weight borne
thruugh the leS independently affected the 1 year change in BMD
in ihe luwer femoral neck on the paretic side (jr = 0.003 and jr =

0.02, respectively). In contrast, no significant effects uf when the
patienis started to walk ar “%weight bearing” were found in the
bower femoral neck on the nonparetic side (p = 0.! and jr = 0.4,
respectiveiy). Also, in the upper femorab neck, no statistical
significant effects with regard to the time patients began to walk
ur che amount uf weight bearing were found either on the paretic
side (jr = 0.4 aud p = 0.7, respectively) or on the nonparetic side
(jr = 0.3 and p = 0.8, respectively). These resubts changed only
slighiby when adjusting for gender. age, aud right ar befi paresis,
both at the Iower femorab neck on Ihe paretic side (jr = 0.006 aud
jr 0.03. respectively) and for the oiher sites (0.3 <p < 0.8).

Because of the smal! number of subjects in some of the
patient groups. we also applied nonparametric tests. All ihe
pattems of BMD loss presented in the tables were confirmed, and
all associations ihat were statistically signiticant (jr < 0.05) when
r-tests were applied remained statistically significant, svith jr
values ranging from 0.003 to 0.04.

Discussion

To our knowledge nu previous siudy has evabuated the effeci of
immobilization ur asymmetrical weight bearing on BMD
chanees in ihe bower ss. the upper femoral neck region of interest
(ROT). We have shown previously that ambulatory status after
stroke is an important facior for the loss of hone mineral in the
femoral neck.’9 Ve now demonstrate ihat BMD loss after im
mobilization is siie-specific even within the fernorab neck, wiih a
greater buss in the lower than in the upper part. The bane oss in
Ihe bower femorab neck on the paretic side is rebated to when (if
at all) the patients begin to walk after stroke as webb as to
asymmetricab weight bearing when standing.

The bocal loss of bane minerab in ihe femorab neck on the
parctic side may be a result of both dirninished muscle activity
and decreased weight hearing. Nu muscbes attach to the femoral
neck itsebf. bul severab niusctes acting on the hip during normal
gud may influence BMD of the femorab neck indireclly. Thus.
BMD of ihe botrer femarab ROT may be affeeted by muscles
inserting into the besser trochanter, sshereas muscles inserting
into the grcaier trochanter may affcct mainby ihe upper ROI.
Hosseser. as all muscles of the hip on the paretic side are more
ur Iess irnpaired in hemipbegic patients, ihe nei oss of mechan
ca! boading wiihin the femoral ncck due to ihe back of nruscle

contractions may be difficult to predtct. In the present study tre
found that tlie most impaircd patienis huse esiensive significant
BMD buss in both ROIs. The buss of bane niincrab is, hosvever,
greater in ihe busser than in the upper ROI and ane possibbe
expbanaiiun is that. in addition to the buss of muscbe pubi, suhjects
ssho are unabbe la walk hardby get any eifeci of sseiehi-hearing
.tttr,hutahbe to ground rcact,on forces. According to Pausselbs”
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Figure 2. Relations betsveen indis idual mean Çi-sseight bearing at 7 nonihs and BMD changes from baseline to I year in 38 stroke patients able to stand

unsupported at 7 monihs afer stroke. lA) Losser femoral neck. paretic side. (B) Upper femoral neck, paretic side. (C) Lower femoral neck. nonparetic

side. (D) Upper femoral neck, nonparetic side. Each symbol represents one subjeci. The line indicates the Iinear relationship: r is the Pearson’s

correlation coefficient.

and Lotz et al.24 compression stresses within the femoral neck
are mainly lransmttted through the base of the femoral neck and
the media! intertrochanteric region during gait. and these theo
retical models may thus explain why we noled nonuniform bone
lovs. We helieve that our results further support these theories, as
we have also shown that changes in weight bearing affeet BMD
in lhe lower part of the femoral neck more than the upper part

Figure 2). In additton, our findings are consislenl v.ith studies on
phvsical activity shossing Ihal the osleogenic effecls of trainiflg
seem to be qutte specific to the analomic sites at which Ihe
mechanical strains occur.21’22

It may be argued Ihal BMD loss in the losser 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
onstraled, however, a pallern in bone loss from similar baseline
values, which cannot be explained by differences in BMD
baseline salues (Table 2). In contrast, Ihe pattern in the losser
femoral neek on the paretic side related distinctly to the inters al

before the patient hegan to walk, whereas the uppcr did not.

The 10w er femoral neck ccrnsists of relatively more cortical
than cancellous bone than the upper part,3° and one may there

fore speculate lhat lhe demineralization is influenced by the

dtfferent proportiorts in types of hone lissue. A decrease ofBMD
in Ihe wetght-bearing .skcleion occurs cenerally. howeser. more
rapidl in trabecttlar hone compared with cortical hone, at least
during the first monihs of imnohilization.25Thercfore. accord
ing to this thcory. sse should have found the largest demineral
ization in the upper part of the neck, sshich isas not the case.

Among all groups of palients compared with respect to

ambulatory status, the greatest bone loss (mean 14%) was found

in the lower part of the fenioral neck on the pareric side in those

stil! immobile after 7 months (Tables I and 2). Because Ihese
patients were not able to svalk independently we also expecled to

firid a demineraltzation in the nonparetic leg. However, the lovs

of 5%—6% was not statistically significant (p 0.!). most
prohably due to the small sample size and large sample varia

tions. As the BMD lovs was significantly larger on Ihe paretic

side conipared with the nonparetic side, some loss of bone

mineral on the latter side may have been prevented through

aciivities other than ssalking (e.g.. asymmetrical weighl bearing

during transfers). Standing wilh less body weight on Ihe parelic

lei necessarily associates with more weight through the nonpa

retic leg. Stil!, we did not find increased BMD values on the

nonparetic side in any group of patients, regardless ofambulatory

levd, and the most reasonable explanation for Ihis is Ihe patienls
were generally physically inactive.

A major focus in rehabilttatton of the hemiparelic patient is
the improvement of balance through tncreased Ioading of ihe
affected !ower ltmb. resulttng in a more symmeiric slanding
poslure.i38 We have shown Ihat walking early afler stroke and
s3mrnetrical weighl heanng during standing are also imporiant
for preserving bone mineral in the lower femoral neck.

The total hone loss in humans after the age ofpeak hone mass
is estimated to be approvimately l%—5% per year.2iand the
obsersed loss (mean 14% in the lower femoral neck on the
paretic side) must iherefore be considered high and clinically
rlcs unt. Duhoeuf et al1 found that hoth upper and lower
femoral neck BMD measurements svere significantly predictive

c
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of trorbaoterie fracture, bot only upper femoral neck BMD was
related to cervical fraeture, However, some studies,SSSt but not
all,” have fonod that, among stroke patients, trochanteric frac
ture may be relatively more common tban fracture of tbe femoral
neek.

One possible limitation of our study is that the measurement
of weight distribotioo betweeo the two legs on the foree platform
is statie, whieh may not relate to dynamie activities such as
walkiog. Improvement in the proportion of weight bom on the
hemiplegic limb during standiog may not result in a coocomitaot
improvement in ioterlimb symmetry duriog walkingi5 Our lest
of asymmetrical weight bearing may tberefore underestimate the
asymmetry in our patients’ unual gait pattem. In addition. the
inflnenee of weight beariog on the paretie leg during walking
might be even more important, because bone adaptation is driven
by dynamic ralher than statie loading.34

Only ooe subject eligible for our study decided not to partie
ipate. aod the major eaose for missing patients doriog follow-sp
was, an experted. severe dinease or death. Thus, the results seem
representative for the type of patieots we studied. However. we
believe that our findings underestimate the BMD reduetion
among average stroke patients, beeause initially uneonseious.
highly impaired stroke patients were not included in the study.

A second eonnideration is the modest number patientn in
some of nhe subgroups, whieh means that the power of the study
to demonstrate statistirally signifirant differenees is only mod
erate. It is tberefore likely that the oonsignificant reduction in
BMD foond in many of our analysis wonld have been significant
if more patients bad been ineluded. However, the main results, as
presented in Tables I and 2, demonstrate a distinet pattem of
dtfferent rates of bone Toss aceording to ambulatory status, which
cannot be explaioed by mek of statistiral power.

To conrlusion, this study highlights several elinieally relevant
questioos with respeet to bone loss duriog the first year after
stroke: Tbe reduetion in BMD in the femoral neek oceurs mainly
to tbe losver part of the nerk and on the paretie side: it also
depends on when or if the patients start to ssalk after stroke. but
also on the amount of body weight plaeed on the paretie leg.
Thus, measuring the lower part of the femoral neek gives a better
estimate of the impaet of gait and weight bearing than measuring
the total femoral nerk.

As for preventiog bone loss after stroke, the importanre of
releaming to walk symtnetrically as sooo as possible after stroke
is underlined by these findiogs.
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Correetion to Ambulatory Level and Asymmetrical Weigh( Bearing After Stroke Affects Bone
Loss in Ihe Upper and Lower Part of the Femoral Neck DilTerently: Bone Adaptalion After
Decreased Mechanical Loading, by L. Jorgensen, N. J. Crabtree, J. Reeve, and B. K. Jacobsen,
Bone 27:701—707; 2000.

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

Table 1. Mean bone mineral denstty (RMD, g/cm2) and standard deviation (SD) in the proximal femur at baseline in the paretic and nonparetic leg
and mean BMD changes from haseltne to measurement after I year (95% confidence intersal in patients who could not walk at the 7 rnonth
evaluation and patients who could walk

p-value for
Walks at 7 BMD at baseline Change at I year p-value difference at Iower/
months Anatomic site mean (SD) mean (95% Cl) for change upper femoral neck

No (n = 8) Paretic Ing Lower femoral neck 1.10(0.17) —0.141—0.19 to —0.09) <0.001
0 001Upper femoral neck 0,61 (0.13) —0.06 (—OlOto —0.02) 0.01

Nonparetic leg Lower femoral neck 1.07(0.13) —0.06 (—0.14 to 0.02) 0.1
Upper femora) neck 0.64 (0.10) —0.03 (—0.07 to 0.02) 0.2

Yes (n = 32) Paretic leg Lower femoral neck 1.00 (0.17) —0.03 (—0.05 to —0.01) 0.003
061.Jpper femoral neck 0.60 (0.17) —0.041—0.07 to —0.01) 0.01

Nonparetic leg Lower feinoral neck 0.99 (0.1 8( —0.02 (—0.04 to 0.00) 0.1
03Upper femora) neck 0.58(0.15) —0.01 (—0.03 to 0.01) ((.5

Table 2. Mean bone mineral denstty (BMD; g/cm2) and standard deviation (SD) at haseline and mean BMD changes from baseline to measurement
after I year (95% confidence interval) according to sshen patients hegan to svalk after stroke

Paretic side Nonparetic side

BMD at BMD at
haseitne Change at 2 months; haseline Change at 12 months:

Time when walktng n mean (SD) Mean (95% CI), and % change p-value mean (SD( Mean (95% Cl). and % change p-salne

(A) Losser femoral neck
Walked at haseline 12 0.93 (0(4) —0.0! (—0.04 to 0.03). —1% 0.7 0.94 (0.121 ((.001—0.04 toO.03(, 0% 0.8
Walked by 2 months 15 .04(0.201 —0.041—0.07 to —0.011. —1% 0.01 1.01 (0.231 —0.0! (—0.03 to0.0l). —1% 0.4
Walked by 7 months 5 1.03 (0.12) —0.08 (—0.14 to —0.021, —8% 0.03 1.02(0.10) —0.081—0.16 to0.00(. —7% ((.053
Immobile by 7 months 8 1.01 (0.17) —0.14 (—O.!9to —((.091. —14% <0.1)0! 1.07(0.131 —0.06(0.ldtoO.02(. —6% 0.!
p-value for linear trend < 0.00) p 0.0!

(B) Llpper femoral neck
Walkcd by baseline 12 0.52(1)14) —0.0! (—O.064o0.04(. —2% 0.8 0.50(1)121 0.00(0.O4toO.05),0% 0.9
Walked by 2 montlts IS 0.68 (0.19) —0.061—0.11 to —0.021, —9% 0.01 0.63 (0.181 O.000(0.03 toO.02(. 0% (1.9
Walkcd by 7 months 5 0.59(11.11) —0.1)41—0.10 to 0.0)), —7% 0.! 0.6(1 (0.06) 0.05 (0.12 to)) 021, —8% 0.1
Intmobile by 7 months 8 1)6! (0.13) —((.061—11.10 to —0.021. — 0% ((III 0.64(0.10) 0.03 (“0.07 to ((.021, 5% 0.2
p-salne for linear trend p ((.2 P = 0.!

O 2(Xtt by Elscsmr Scicncc tnc, 140 0756.5202/flt/52t)0()
At! rghtrescred. g!! SX756.3202ttk(05115(t.9
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Functional Status of the Paretic Arm Affects tlie Loss of Bone Mineral

in the Proximal Humerus after Stroke: A 1-Year Prospective Study
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Abstract. The aim of this study was to evaluame the effect
of decreased arm function after stroke on bone mineral den
sity (BMD) in the proximal humerus. Twenty-five patients
were evalualed I week after acute stroke and reevaluated 2
months, 7 months. and I 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 inilial completely para
lyzed ani lost 27% (P < 0.00 I), those with severe to mod
erate paresis lost 11% (P < 0.001). and patients with minor
or no paresis had no significant bone oss in the proxirnal
humerus at the paretic side after 1 year. A statistically sig
nificant trend with initial arm function was found both 7
months and I year after the stroke at the paretic side (P <

0.01). Patienis who were paralyzed or bad severe to mod
erate paresis both at inclusion and after I vear bad a larger
l-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 conelude that during the
first year after stroke bone mineral is lost in the proximal
humerus of the paretic arm. bot that ihe loss depends on the
initial degree of paresis. The loss may be prevented if arm
function is reøained.

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

Subjects and melhods

Every acute stroke patient admitled to The University Hospital in
Tromsø, Norway, from April 1996 10August1997 was considered
for this study. All persons with acute stroke from mid- and norib

ein Troms. a well-defined part of the county with 14,000 inhab

itants. are admitted to this hospital.

Subjeets

All acute stroke patients aged 60 years or older and still wheelchair
bound after I sveek were eligible for recruitment. Patients svho
Red more than a 2-hour drive from the hospital. and those who

had not been able to walk prior to Ihe stroke ss ere excluded. Olher
exclusion criteria mere previous strokes affecting the sensomotorie
system, unconsciousness and terminal illness. and unilateral bone
diseases affecting BMD asymmetrically such as osmeosarcomas
aud osteomyelitis. As changes in BMD of the hip were also studied
8], patients svith osteosynthetic material in the fernoral neck and

Ihose with a history of hip fracture ss eie also excluded. Informed

consent ssas ohtained from each participant according to The Sec
ond Helsinki Declaration. and the trial was approved by the Re
gional Cornmittee for Medical Research Ethies.

Aleihods

Bone ivlineral Density \leasurements

Bone mirteral deusity (BMD. g/cm) svas nteusured using dual

energy X-ray absorptiometr) (DXAHLunar DPX-L. version I .3i).
The first nteasurement was performed at a mean of 7 days (SD 4.
range l—16) afier ihe stroke follossed by measuretnents 2 monihs
(mean 8 sseeks. .SD 1)5. range 7.5—101.7 months (mean 30 weeks.

SD 2. range 25—33). and 12 months (niean 52 sseeks. SD 2. range

body has been conducted describe a largerreduction of borte

mineral in the paretic arm than in the paretic leg [4—6],
possibly because the Jeg is stimulated through weight bear

ing despite being paretic. Moreoser. as skeletal sites with a

high content of trabecular bone have the highest initial loss

of bone mineral after immobilization 171. a large decrease in

BMD in the proximal humerus at the paretic side in stroke

patients may be expected. To our knowledge this issue hus

not been examined in any previous study.

Thus, ihe aim of the study was to quantify possible

changes in BMD in the proximal humerus within the first

year after stroke, aud to evaluate Ihe effect of decreased arm

function on this skeletal site.

Fractures due to osteoporosis are commonly localized to the

hip, the proximal humerus. and the distal part of the radius.

In stroke patienis fractures are also frequenm in ihese areas.

especially at the paremic side [I]. Measurements of bone

mineral density (BMD) are considered mo 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 palienls svith frozen

shoulder or rotator cuff ruptures the greamest bone loss in thc

arm was found in the proxitnal humerus [2. 3]. most se

verely in patients wimh the Iowest shoulder function [3].

Studies of stroke patients in which densimometry of the total

Curri.vpondence to: L. Jorgensen
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Table I. Mean BMD (g/cm2)and SD in the proximal humerus, spine. and head and mean BMD changes from haselmne to the measurenient
after I year (95% CI) (fl = 28)

Di fference
BMD at baseline Change at 1 year % Change at paretlc/nonparetiC side

Anatomic site Mean (SD) Mean (95% CI) I ear P-alue P-salue

Proximal humerus Paretic side 0.85 (0,17) —0.14 (—0.18; —0.10) —17 <0.001
.

.0.00l
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 (Li) 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 hunserus
ssas derived from thc same total body scan by means of the region
ofinterest (RO!) program. The proximal humerus RO! 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 hoth the head
and the spine. CV was estimated at 1.4%. The longitudinal drift
assessed ssith daily phantom measurements ssas <1%.

Functional Tests

The motor function of the paretic arm was assessed immediately
before the BMD measuremenss by use of the Scandinavian Stroke
Scale (SSS) Score [9,10). The score is graded in fise 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 (nnild paresis); 6: raises arm ssith
normal strength (no paresis). Spasticity was assessed according to
the modified Ashworth scale [Il] ranging from 0: no increase in
muscle tone to 4: affected part rigid in flexion or extension. Both
spasticity an svell as the degree of paresis (SSS) was evaluated by
the same insestigator (Li).

Statisticat Analysis

The data were arialyzcd using the Windows 7.5 version of the
Statistical Package for the Social Sciences (SPSS). Chi square test
ssas used for categorical values and Students r-tcst for continuous
variables. Analysis of variance (ANOVA) van used to compare
BMD changes between SSS groups, and linear trcnds in reduction
in BMD according to SSS group snere esaluated with contrasts.
Because of the few subjects in some of the suhgroups. nonpara
metric tests ssere also apptied )ViIco’on Siened Rask Tent and
Kruskal-Wallis Test (or testinu ss ithin-group and hetnsecn-group
changes. respectin ely).

Statistical corre(ations hetnneen SSS and ihe changes in BMD,
and SSS and spasticit) were evaluated using Spearmnans rho (rj.

Results

Characie,’, sric.r of Studv Siihjecrs

I year, six patients died. one decided not to continue in the
study, and two had been transferred to nursing homes situ
ated more (han a 2-hour drive from the hospital. At Ihe time
of the follow-up examination, they were 100 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 l-year examination (P 0.1, results not
shown), but the former group was somewhat older [mean 80
ycars (SD 9) and mean 75 years (SD 7). respectively, P =

0.07j. None of the patients had a history of fracture in the
proximal humerus.

changes in BMD

In the proxirnal humerus at the paretic side BMD decreased
significantly during Ihe first year. and SSS at baseline cor
related significantly with the l-year loss ofbone 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 I year (Table I). The
increase in BMD ofthe head did. however, approxitnate the
leve! of conventional statistical significance.

Tssentv-flve patients completed the 2-month. 7-month.
and the l-yearexatnination. and three patients missed either
the 2- or 7-month measurements hecause of severe iliness.
We compared the BMD loss in the proximal hurnerus in the
nine patients who were cotnp!etely paralyzed at baseline
(SSS group 0). the Il patients with severe to moderate
paresis (SSS groups 2—4). and the five palients with only
minor or no paresis (SSS group 5. 6) (Table 2). There were
no significant differences betsveen the SSS groups with re
spect to the BMD haseline values (P 0.2. results not
shown). bul after 7 and 12 rnonths there was a significant
hone loss at tlie parclic side in the SSS 0 group and SSS 2-4
groups (P 0.05). with the largest oss in the completely
paralyzcd paticnts (SSS = 0). A stattstically sittnificant
relation svas found hetss een the initial arm function (bane-
line SSS group) ;tnd the rcduction in BMD after 7 months
and after I year at tlie paretic side. whcreas no trend in
BMD oss svith rcspecl to SSS at baseline snas detnonstratedAll eligthle palienis (fl = 37) agrecd to participate. Within
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in ihe nonparetic side (Table 2). Allhough the paucity ofour

data hantpered the ability to draw ckar conclusions, they

may indicate that the loss in BMD at the paretic side in

palients 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 I year (r5 =

0.8, P <0.001). Also, spasticity in the arm and SSS corre

lated significantly (r5 = —0.8, P < 0.001).

Fifteen patients were paralyzed or had severe to moder

ate paresis of the arm both at inclusion and after I 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 proxirnal 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 associattons that were statistically significant (P <

0.05) when f-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

!n this study we found a significant demineralization of the

proximal humerus at the paretic side and a strung correla

fion between this loss of bone mineral and the motor func

tion of the arm (SSS). Within only I year BMD decreased

by 25% in the paretic arm in the most impaired patients. a

reduction that is ctinically relevant as il increases the risk of

a future fracture.
Osteoporosis in the paretic arm after stroke has been

described previously 4—6, 12, 131, but the results in these

studies conflict with respect to the relationship hetsseen arm

function and bone loss. Prince et al. 1121 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 heteen

motor function and/or spasticity of the arm and demineral

ization 14—6. 131.
We found that the funetional status of the paretic arm at

baseline predicts the changes in BMD in this arm and that

the most irnpaired patients have a large and continuous bone

loss. For the first time o e show that stroke patients who

regain almost normal arm function ssithin I vear, despite

heing severely impaired initially. lose less hone mineral

than patients with a persiscntly severe paresis.

Should patients having moderate paresis (SSS = 4) be

ciassified together with patients has ing severe paresis (as

done in Table 3) nr nith patients has ing minor impairment!
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Table 3. Mean changes in BMD (g/cm2)in the proximal humerus from hasline to the measurement I year after stroke according to arm
function (SSS) at baseline and at I year

Paretic side Nonparetic side

c’hange at I year Change at I ycar
Mean (95% CI). Mean (95% Cl).

SSS paretic arm n % change % 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 I year

Paralysis or severe to moderate 8 —0.06 (—0. 0; —0.03) —0.06 (—0.13; 0.00)
paresis (SSS 0—4) at baseline —8 —7
but minor impaired (SSS 5—6)
by I year

Minor impaired (SSS 5—6) at 5 —0.04 (—0.12; 0.05) 0.00 (—0.07; 0.06)
ba.seline and by I year —4 0

P-salue 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 olher ihan the lack of mechanical
stimuli may be of importance after immobilization, the local
effect is most likely the most significant, considering Ihat
the bone loss at the disused side is more evident than the
changes over the whole body. Thus, with respect to the
paretic arm, the loss of bone mineral probably results
mainly from the lack of muscle pull, whereas for Ihe paretic
leg, decreased ground-reaction forces may be an additive
and perhaps even more important facior [81. Moreover, as
the BMD change in the head approached the levd of sig
nificance, the increase in this area indicates that a redistri
bution of bone rnineral may have occurred. A redistribution
of bone mineral due to immobilization has also been sug
gested in previous studies where similar results werc fottnd.
as for exarnple in people volunteering for long duration bed
rest [141.

In our sludy, all 37 eligible patients agreed to participate.
One important consideration is, however. that hile 28 pa
tients completed the I -) ear evaluation. 9 did not. Still, as the
former group ss’as not significantly different at baseline
from the latter, the bias introduced in the study sample is
probably Itmited. The major cause for not completing the
study svas severe dtsease or death. which was not unex
pected considering the age and morbidity of the parlici
pants. Initially unconscious patients and patients ssho were
able to ss alk immediately after the stroke were not included;
for hts reason our results cannot be generalizcd to all stroke
patients.

There were few stroke patients in some of the suhgroups.
This has hampered the unalysis and reduced the statistical
power. Howes er. the rnain results. as presented in Tables 2
and 3. demonstrate a distinct pattern of differeitt rates of
bone loss according to the functional status of the paretic
arm. which cannot be explained by lack uf statistical power.

Conclusion

Although clinical trials are necessary for determining the
henefit 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.

Acknoii’Iedgmenls. We are grateful to technician L. Wilsgaard for
analyzing all the DXA scans. We also acknossledge the support of
chief physician S. Sparr and the medical staff at (he Departments
of Neurology and Geriatrics Unisersity Hospital. Tromsø. This
study was flnancially supported by the Ministiy of Health Re
search on the Elderlys». University Hospital, Tromsø, Norway.

Referenees

I. Raninemark A. N5berg L. Borssen B. Olsson T, Gustafson Y
11998) Fractures after stroke. Osteoporos lnt 8:92—95

2. Leppala i, Kannus P. Sievanen H. Jarvinen M, Vuori 1(1998)
Adhesive capsulitis of the shoulder (frozen shoulder) produces
bone oss in the affected humerus. hut long-terrn bony recos
erv is cood. Bone 22:691—694

3. Kaonus P. Leppala i. Lehto NI. Sies anen H. Heinonen A,
Jarsinen NI (19951 A rotator cuff rupture produces permanent
osteoporosis in the atfeeted estrernity. but not in those ssith
sshont shoulder function has returned to normal. i Bone Miner
Res 8:1263—1271

4. Iversen E. Hassager C. Christiansen C (1989) The effect of
hemiplegia on hone mass and soh tissue body composition.
Acta Neurol Scand 79:155—159

5. Htimdy RC. Krishnasssamy G. C,sncellaro V. \Vlialen K, Har
sill L (19931 Changes in bone mineral content and densjty
after stroke .Am i Phvs Med Rehahil 72: 188—191

6. Hamd) RC. Moore SW. Cancellaro VA. Hars Il LM (1995)
Long-term effects ol strokes on bone mass. Am i Phvs Med
Rehabil 74:351—356

7. Minaire P (1989) Imnsohiltiation osteoporosis: a reviesv. Clin
Rheumatol 8 (suppl 2)95—103

8. Jorgensen L, Jacobsen BK, ‘sVilsgaard T. Magnus JH (2000)
\Valking after stroke: Does it uatter? Chanstes in bone mineral
density within the first 12 moiiths after stroke. A longitudinal
study. Osteoporos litt 11.381—387

9. Scandinavian Stroke Study Group Multicenter trial of hemo



L. Jørgensen nnd B. K. Jacobsen: Loss of Bone Mineral According to Arm Function Following Stroke 15

dilution in ischemic stroke: background and study protoco). hemip)egia: a model for (be study of immobilization osteopo

Stroke 16:885—890 rosjs. i Bone Miner Res 3:305—3 10
10. Lindenstrøm E, Boysen G, Christiansert LW, Hansen BR, 13. Ramnemark A. Nyberg L, Lorentzon R, Englund Li, Gustafson

Nielsen 8W (199!) Reliability of Scandinavian Stroke Scale. Y (1999) Progressive hemiosteoporosis on the paretic side and
Cerebrovasc Dis 1:103—107 increased bone mineral density in the nonparetic arm the first

11. Bohannon RW, Smith MB (1987) Interrater reliability of a year after severe stroke. Osteoporos Int 9:269—275
modified Ashworth scale of muscle spasticity. Phys Ther 14. Leblanc AD, Schneider VS, Evans HJ, Engelbretson DA,
67:206—207 Krebs JM (1990) Bone mineral loss and recovery after 17

12. Prince RL, Price RI, Ho S (1988) Forearm bone loss in weeks of bed rest. J Bone Miner Res 5:843—850









Bone Mineral Density in Acute Stroke Patients
Low Bone Mineral Density May Predict First Stroke in Women

Lone Jørgensen, MSc; Torgeir Engstad, MD; Bjarne K. Jacobsen, PhD

Background and Purpose—Osteoporosis aud stroke share several risk factors, including age, smoking, low physical

activity, aud hypertension. Thus, Iow bane mineral density (BMD) aud high stroke risk may be related. We examined

l.he relationship between BMD and acute stroke in noninstitutionalized men and women aged 60 years.

Methods—Sixty-three stroke patienis (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 bot.h proximal femurs. The measurements

of the stroke patients were performed 6 days afier the onset of stroke.

Resutts—The BMD at the femoral neck in the female stroke patients was 8% lower tban in l.he control subjects (P=0.007).

In men, no difference in BMD between the stroke patienis and their controls was found. Women with BMD values in

the lowest quartile bad a higher risk of siroke 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/cm2) 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 patienls have Iower BMD than population conlrols. Low BMD may predict

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

Key Words: bone mineral density • osteoporosis • risk factors w strake, acute

O steoporosis and stroke share several risk factors, such as
age, smoking, low levd of physical activity, and hyper

tension.ts Low bone mineral density (BMD) and a high risk

of stroke may thus be related, but studies on ihis relationship

are sparse. Browner et al’°t’ have shown that low BMD is

significantly related to stroke mortality and stroke incidence

in a fensale 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 sl.roke pa
tients.tZ.tu This risk factor wilI ihus add to other known risk

factors, such as the increased incidence of fallsit-lu and the

increased rate of bane loss.t4t6 Second, Iow BMD may

predict slroke.
The purpose of the present study was to exainine ihe

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 fram

einong all acute stroke patients aged 60 years from the municipal.

ity of Tromsø, Norway, consecutively admitled to The University

Hospital in Tromsø fram June 1, 1996, thraugh August 31, 1997.

This hospital is the only one in the nina, and all persons with acute

stroke fram Lise municipality are admitted to this hospital.
Stroke was defined accartling to the definition of the World Health

Organization, WHO.17 The diagnosis was based on a doctor’s

clinical exaniination aud an evaluation of all available informatiors

fram the hospital medical records aud was supported by anatomie

cerebral changes on Cl’ scans. A specialist in internal aud geriatric
medicine at Lise University Hospital (T.E.), blinded to the BMD

measurements, validated all stroke diagnoses. Patients who bad not

been able to walk without personal support before the stroke aud

patients who were unable to answer simple questions, including

jnfarmed consent, were excluded. Otlser exclusion criteria were

histary af previous stroke, uncansciousness aisd terrninai illness,

presence af osteosymhetic material in the femoral neck, ned history

of hip fracnsre.
Arnong a tatal af 125 stroke pattents admitted tO Lise hospital, 64

were eligible for the study aud 63 agreed ta participate. Five af them
hud intracerebral hemarrhages. Sixty-one patients (49%) were not

eligible for Lise study because af death, unconsciausness, ar severe

disarientatian during the first week after stroke (n=30); previous

strokes (n23); ar a history afhip fracture or presence afosteosyn.

thetic material in the femaral neck (n6). Two patients were not
enrolled in the study because of femur amputatian ned cancer with
metastasis to the bane.

Controls
The control subjects were randomly selectcd fram inn population

register af Tromsø in 1998 ned invited by letter ta participate in Lise

study. For each gender aud 5.year age bracket, we invited more than

Receivdd Jitly 28, 2000; final revisjon receised September 6, 2000; September 14, 2000.

From Lise lnstttute of Community Medicine, University of Tromsø, Norway.
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TABLE 1. Characteristics 01 the Study Groups and Difference Between Cases and Controls

Women Men

Cases Controls Cases Controls
ctiaracteristic (n=33) (n=101) P (n’30( (n=87) P

Age, mean (SO), y 77 (8) 76 (8) 0.3 75 (8) 75 (8) 0.9

BMI (kg/cm2), mean (Si)) 26.1 (5) 26.9 (4) 0.4 24.1 (3) 25.4 (3) 0.05

BMD neck (g/cm2), mean (Si)) 0.723(0.14) 0.792 (0.12) 0,007 0.902 (0.13) 0.899 (0.15) 0.9

Smoking 0.7 0.5

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

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

Never-smoker 17 (52%) 55(55%) 1 (3%) 12(14%)

llnknown 3 (9%) 11 (11%) 3 (10%) 7 (8%)

Orinks alcohol 20(61%) 57(56%> 0.7 21 (70%) 73(84%) 0.1

Uses walking aids 10(30%) 19(19%) 0,2 5(17%) 6 (7%) 0.2

Has diabetes mellitus 6(18%) 9(9%) 0.2 2(7%) 7(8%) 0.9

Previous myocardml nfarction 6(18%) 9(9%) 0.1 9(30%) 20 (23%) 0.4

Mgina pectons 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

twiee the number of case patients in order to obtatn a sufftcient
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), aud the fact
that transportanon to the hospital on the day of Ihe examination
would be provided if the attendees were unable to travel on their
own.

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

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

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

The control subjccts completed a qucstionnaire about medical
history, including current aud previous cardiovaseular diseases,
caucer, diabetes, aud current use of medication. The same informa
uon about the stroke paticuts was obtained from thcir medical
records. Antihypcrtcnsive medication use until the strokc event was
considered indicative of hypertension among the cases. Current
self-rcported use of antihypcrtensivc drug was considered a marker
of hypertension arnong the controls.

BMD was measured by using dual-energy x-ray absorptiomctry
(Lunar DPX-L, versjon 1 .3z) at both proximal femurs, aud HMD of
the femora,l neck area was deterrnined according to r.he Lunar

manual. In lise analysis we used the mean values from [be right aud
left side. All the measurements were done by 2 operators (LJ. aud
EH.), 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 (meau agc 67 years). The 2
measurementa were done consecutively during the same day, with an
intcrval of 2 to 3 minutes. Subjects were repositioned between each
scau by the operatora.

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

Statistical Analysis
To test differenccs between lise case aud control groups, test, the
Fisher exact test or Student 2-sample i test was used. Statistical
correlations between SSS aud BMD wcre evaluated by using the
Spearman rho (rj.

For men aud womcn separately, the control subjects were divided
into quartiles with respect to [be BMD values, aud [be case patients
were categorized according to these quartiles. ORs for stroke in the
different quartiles as well as with a l-SD chauge in BMD werc
estimated by use of logistic regression aualysis. Adjustrnents wcre
done for poteutial confounders found to be related to the case-control
status in one or both sexes with PaO.l.

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

Results

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

The patients were measured a mean of 6 (SD 4) days after
[be stroke onset. There was no difference bctwcen the paretic

aud nonparetic side with respect to BMD, aud this was also
true for [be 14 most severely affected stroke patients (SSS
score 0; mcan diffcrence between the paretic and nonparelic

ing 0.009 g/cm2; P0.7).
Table I shows the characteristics of the cases and controls.

Female stroke paticnts had a statistically significant 8% lowcr
age-adjusted BMD of [be femoral neck [han [be control
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TABLE 2. Unadjusted and Adjusted ORs for Stroke Among Women and Men According to Femoral Neck BMD Guartiles

Women Men

OMO Cases, Controls, DR, Mean Mjustedt DR Cases, Controls, DR, Mean Adiustedt DR
Cluartiles* fl fl (95% CI) Mean (95% CI) fl fl (95% C) Mean (95% CI)

1 19 26 4.8(1.4—15.9) 66(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) 0.6(0.2—2.4)

3 4 24 1.1 (0.2—4.8) 1.6 (0.3—7.5) 11 22 1.6 (0.5—4.8) 1.4 (0.4—4.7)

4 4 26 1.00 1.00 7 22 1.00 1.00

Ptor linear trond 0.003 (1003 0.6 0.2

BMD range for women: 0.707, 0.708—0.777, 0,778—0.873,0,874, BMD range tar men: 0.780, 0.781—0.884, 0.885—1.010, 1.011.

tMjusted for OMI, alcotal dnrrkiflg, previnus myocardial nfarctiori, and medicaton for hypertension.

subjects (P=0.007) and statistically significant Iower BMD
than the male patients (P<0.00l).

There was no correlation between siroke 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 Iowest 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/cmZ)

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 ar the overall
conclusions (Table 2). If anything, the inverse relationship in
women was strengthened, but due to wide 95% CIs, we
concluded that no important effect of I.he 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 aI)°1’ They
showed that low BMD in Ihe 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 bigher.

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.20-fl Consequently, if low BMD is already
present at stroke onset, t.he severe bone (oss thereafter-’6
puts the female siroke patients at a particular]y high nsk of
hip fracture. The result of Ihe present study, iherefore, has
considerab(e clinical implications regardiess of what the
causal relationship might be.

We did not lind any relationship between stroke risk and
low BMD in men; to our know(edge, this topic has not been
studied previously. Although Johansson et aP did show that
BMD was a strong predictor of total moriality in men as we(1

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 cx

cluded. First, the BMD in the patients was rneasured 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% (oss on the nonparetic

side 2 months afier stroke.’4 The BMD difference of 8%

between the female cases and their controls cannot, therefore,

be explained by the bane (OSS that may have occurred

betwecn stroke onset and the BMD measurement i week

(ater. Furtbermore, there was no difference between the BMD

va(ues 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

.he control subjects. On(y ane eligible stroke palient refused

to participate in the study, whereas 51% of the invited

contro(s abstained, inc(uding an unknown number of individ

uals who were not eligib(e due to eg, previous stroke or hip

fracture/osteosynthetic material in the femoral neck. The

control subjects were told in the (etter of invitation that they

could participate in the study on(y if they had no history of

stroke or hip fracture, but also that they cou(d refuse to

participate without giving any reason for this decision. Thus,

we do not know the proportion of possible contro(s 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 hat been identified as a predictor of

stroke,6 bot we cannot exc(ude the possibi(ity that the frailest

contro(s abstained to participate even though they were

offered free transportation to the examination. On the other

hand, it is also possible that contro( subjects were more likely

to respond if they were ill and therefore wanted to participate

in a medica( research study. If so, the prevalence of risk

factors may be overestimated aud the BMD in t.he contro(s

moSt probab(y underestimated. In particu(ar, some female

control subjects with known osteoporosis may have partici

pated to have thcir BMD assessed, bot as a consequence this

wou(d reduce the mean BMD in the control women and thus

cannot cxp(ain our resuks. 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 unehanged.
We have also compared data from our control group with data
from a population survey in Tromsø, which bad a 77%
response rate. The prevalence of risk factors in this group was
similar to or even lower than that given for the control group
in Table 1. Thus, t.he controls in our study were not a
particular healthy group of people. In conclusion, we do not
find it likely that selection bias can explain our findings.

The infonnation 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 queslionnaire. 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 artd more use of medication
for hypertension among the stroke patients, although only the
difference in use of medication for hypertension in women
was statistically sigmficant. 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 considereci.

At present, il is unclear whether there is a cause-and-cffect
rclationship 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.’°’1’m 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),
10w level of physical activity, and smoking.3-9’-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. Tbis may
indicate T.hat esTrogen deficiency may play an important pan
in this relationship. Estrogen replacement may reduce the risk
of both stroke and osteoporosis, although the results are
inconsiStenL24’25Because we considered the medical records
of the cases (from which infonnation 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 to use estrogen were
excluded, T.he mean BMD value of the controls was essen
tially unchanged.

In conclusion, we found that female, but not male, stroke
patienta have lower BMD than population controls. Our
rcsults confirm t.hc findings of previous studies about women
and provide for the ru-st time inforrnation 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, il is unclear whether 10W BMD actually
increascs the risk of stroke or reflects poor health with both
high siroke risk and low BMD. We believe that it is
premature to reject a causal relationship; sometimes the
biological underslanding comes after the epidemiological

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

Acknowledgments
The study was financially supporled by The research pro

granime Research on the Elderly in Tromsø, financed by The
Ministry of Health and Social Affairs. Norway. We are very
grateful to the participants in this study. We acknowledge the
support dunng the study of chief physician Sigurd Sparr, MD, at
the Department of Geriatric Medicine. University Hospital of
Tromsø. and the medical staff of the Neurologic and Geriatric
departments. Wc thank Line Wilsgaard and Elin Hansen for their
expert tcchnical assistance with the BMD measurements. We also
thank Neshrin Mikkelsen and Meretc Albertsen for their help in
collecting and processing Ihe data.

References
t. Ensrud KE. Palertno L, Black DM, Casstey i, Jergas M, Orwoll ES, Nevnt

MC, Fox KM, Cummings SE. 1-I ip and caieaneal bane oss increase with
advancing age: longitudinal results fram the Study at Osteoporotic
Fractures. i Bone Miner Res. t995;l0:1778—1787.

2. Jones G, Nguyen T, Sambrook P. Kelly PJ. Eisman JA. Progrcsstve loss
af bane in uke femoral neek in etderty people: longitudinst flndings fram
uke Dubbo Osteoporosis Epidemiology Snudy. BMJ. !994;309:691—695.

3. Kiel DP, Zltang Y, Hannan MT, Anderson JJ, Barna JA, Felson OT. The
effect of smoking at different lite stages on bane mineral deulsity in
elderly men md wamen. Osleopo ros Int. 1996;6:240—248.

4. Sacco KL, Benjamin EJ, Broderick i?, Dyken M, Easton JD, Feinberg
WM, Galdstein LB, Garelick PB, Howurd G, Kitiner Si, Manolin TA,
Whisnant IF, Watt PA. American Heart Associatton Preventinn Con
ference TV: preventian md rehabilttation at stroke: rtsk faetors. Sfroke.
1997:28:1507—1517.

5. Sacco EL, Om R, Boden-Albala B, Lix, IF, Karganan DE, Hauser WA,
Shen S, Paik MC. Leisure-time physicat acuvity md uschemic senke risk:
lite Norihem Manhattan Stroke Study. Stroke. 1998;29:380—387.

6. Colantonio A, Kast SV, Ostfeld AM. Levet of funcuion predicus first
stioke in titt elderly. Stroke. l992;23:1355.-1357.

7. WoIff 1. van Croanenborg Ji, Kemper HC. Kastense PJ, Twtsk 3W. The
effect of esereise Irnining prngrams on bane mass: a meta-analysis of
pubTished controlled trials in pre- and postmenopausal women.
Osteoporos Int. 1999,9:1-12.

8. Nguyen ‘I’V, Center JR, Eismati JA. Osteaporasis in elderly men md
women: efrects af daetary calcium, phys,cal activity, md body moss
mdcx. i Bane Miner Res. 2000;15:322—331.

9. Cappuccmo FP, Meilahti E, Zmttda JM. Cauley JA, for lite Study at
Ostenporouc Fractures Research Group. Htgh bTood pressure md bane
minerat Inn nu elderly white wnmen: a prnspective study. Lancet. 1999;
354:971—975.

10. Brawner WS, SeeTey OG, Vogt TM, Cummings SR for the Study of
Osteoporotic Fractures Research Group. Nnn-traunia mortality in elderly
women with low bone mineral densily. Lancet. 1991;338:355—358.

TI. Brnwner WS. Pressman AR, Nevftt MC, Cnuley JA, Cummings SE.
Assaciation betwcen Tow bane density md stroke in elderly women: the
study of nsteoparattc fractures. Stroke. 1993,24:940—946.

12. Ramnemanis A, Nyberg L, Bnrssén B, Otsscm T, Gustaiscsn V. Fractures
after senke Osteoporos In:. 1998:8:92—95.

13. Ramnemark A, Nilsian M, Borssén 0, Gustafson V. Stroke, a major md
increasing risk faciør for femaral necis fracture. Siroke. 2000;31:
1572—1577.

14. Jorgensen L, Jacnbsen BK, WiTsgaard T, Magnus JH. Walking atter
stroke: don it matter? Changes in bane mineral density with,n lite first 12
mornits atter senke: a Inngutudunal study. Osteopnros mr. 2000,11:
381—387.

15. Ramnemask A, Nyberg L, Lorentzon R, Olsson T, Gustafsnn Y, Hemi
ostenporasus nfter senere stroke, mndependent at changes in body compo
sition md wcigttt Stroke. T999;30:755—760.

16. Hamdy RC, Mnore SW. Caneellara VA, Harvill LM. Lang.term etfects
at stmkes on bane mass. Anu i Phys Med Rehnbil. 1995;74:35T—356.

17. Hatano 5. Experience fram a multucentre stroke register: a preitminnry
report. Ball World Hralth Organ. 1976;54:541—553.



Jørgensen et al Low BMD in Women With Acute Stroke 51

18. Scand,navian Smke Study Gtoup. Muldcerner tnal of hemodilunon in is
cbemic stroke: background and study protocol. Strode. 1985:16:885—890.

19. Lindensu-øm h, Boysen G, Chnsuansen LW, h Rogvi Hansen 8, Nielsen

8W. Reliability of Scandinavan Stroke Scale. Cerebrovasc Dis. 1991:1:

103—107.
20. De Laet CE, Van Hout BA, Burger H, Weel AR, Hofman A, Pols HA.

Hip fracture prediction in elderly men nnd wnmen: validation in the

Rotterdam study. JBone Mine, Res. 1998;13:1587—1593.

21. Maeshall D, .lohnell 0, Wedel H. Meta-analysis of how weU measures of
bone mineral density predict nccurrence nf osteoporotic fraciures. BMJ.

1996:312:1254—1259.
22. Cummings SR, Black OM, Nevin MC, Brnwner WS. Cauley i, Ensrud If,

Genant HU, Palermo L, Scott i. Vngt TM. Bone density at various sites

for prediciion ol bip fracuxres. Laneel. 1993;341:72—75.

23. Johansson C, Black D, Johnell 0, Oden A, Meitstrom 0. Bone mmcml

density is a predicior of survival. Calcif Tissae In:. 1998:63:190—196.

24. Paganini-Hill A. The risks and benefits ol estrogen replacement therapy:

Leisurc World. in: i Fertii Menapuusal Stud.l995:dfl(suppl 1):54—62.

25. Taominen ST. lmpivaama 0, Puakka P, Rnnnemu.a T. Bnne mineral

density in patients with type I and type 2 diabetes. Diabetes Cure.

1999:22:1196—1200.
26. Christensen JO, Svendsen OL. Bone mineral in pre. aud posimenopausal

wnmen with insulin-dependent aud non-insulin-dependent diabetes

mellitus. Osteoporos In!. 1999:10:307—311.

27. Wasnich RO, Oavis JW, He YF, Petmvich H, Ross P0. A randomized,

double-masked, placebo-controlled irial of chlorihalidone aud bone loss

in elderly women. Osleoporos in!. 1995:5:247—251.

28. HulIcy S, Grndy 0, Bush T, Furberg C, Herrington 0, R:ggs 8,

Vittingboff E. Randomized trial ol esnogen plus pmogestin for secnndary

preventinn ol coronasy bent-i disease in post.menopausal women: Heart

aud Estrogen/pmngestin Replacement Study (HERS) Research Group.

JAMA. 1998:280:605—613.



t

:

li4

i

i
*

.1.

1!







FORESPØRSEL OM Å DELTA I FORSKNINGSPROSJEKT

Informasjon og samtykke-erklæring for forsokspersonene i prosjektet:

“Osteoporoseutvikling hos pasienter med apoplexia cerebri”

Hensikten med undersøkelsen:
Mange eldre mennesker har øket risiko for å falle og brekke lårhalsen. Dette kan blant annet

skyldes osteoporose, en nedgang i bentettheten i knoklene, populært kalt “benskjørhet”.

Vi ønsker med denne undersøkelsen å finne ut, om det skjer en endring i bentetthet hos

pasienter som har fått slag, og om dette i så tilfelle har sammenheng med deres f’siske

funksjon, f.eks. om de kan gå.
øket kunnskap på dette område kan være en hjelp i forhold til veiledning av pasienter,

pårørende og helsepersonell, når det gjelder opptrening etter lammelser på grunn av slag.

Forespørselen rettes til slagpasienter over 60 år som innlegges på RiTø.

Kontaktperson i forhold til prosjektet er: Lone Jørgensen, Høgskolen i Tromsø, Avd for

Helsefag.

Beskrivelse av undersøkelsen og risiko-vurdering:
De pasienter som samtykker å delta i undersøkelsen viii løpet av få dager få utført en

bentetthets-måling.
Bentetthetsmålingen er en undersøkelse som er helt smertefri og uten komplikasjoner.

Ved undersøkelsen brukes det en lav røntgendosering, som tilsvarer 1/20 av et vanlig lunge

bilde. Undersøkelsen varer i alt 30 minutter.
Du kan godt ha klær på deg under undersøkelsen, men ikke klær som inneholder knapper eller

materiale av metall.

Bentetthets-undersøkelsene og funlcsjonsvurderingen vil bli gjentatt etter to måneder etter syv

måneder og etter et år i forbindelse med vanlige kontroll-undersøkelser på RiTø.

Fra din journal ønsker vi å hente ut følgende data: diagnoser, alder, høyde, vekt, bosted og

medikamentforbruk. Du vil i tillegg bli spurt om dine røyk- og alkoholvaner.

Samtykke-erklæring:
Det er frivillig å delta i undersøkelsen, og du kan når som helst trekke deg uten å angi grunn

og uten at det på noen måte berører forholdet til helsepersonell eller prosjektets medarbeidere.

Likeledes kan du når som helst be om å få slettet de opplysninger som er registrert om deg.

Dette gjelder også 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 å delta i studiet.

Jeg har mottatt egen kopi av informasjons- og samtykkeerklæringen.

Sted Dato Underskrift pasient
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FORESPØRSEL OM Å DELTA I FORSKNINGSPROSJEKT

VIL DU VÆRE KONTROLL-PERSON?

Informasjon og samtykke-erklæring for kontroll personene i prosjektet:

“Benskjørhet hos pasienter med slag”

Hensikten med undersøkelsen:
Mange eldre mennesker har øket risiko for å falle og brekke lårhalsen. Dette kan blant

annet skyldes osteoporose, en nedgang i bentettheten i knoklene, populært kalt

“benskjørhet”.
Vi ønsker med denne undersøkelsen å sammenlikne bentettheten hos personer som

ikke har hatt slag (kontroll-personer) med pasienter som har hatt slag.

øket kunnskap på dette område kan være en hjelp i forhold til veiledning av pasienter,

pårørende og helsepersonell, når det gjelder opptrening etter lammelser på grunn av

slag.

Fra Folkeregisteret er du ved loddtrekning valgt ut til å deltage i en undersøkelse som

kontroll-person. Kontroll-personene må være over 60 år og må kunne gå.

De må ikke ha hatt hjerne-slag, kunstige hofteled eller tidligere lårhalsbrudd.

Kontaktperson i forhold til prosjektet er:
Lone Jørgensen, Høgskolen i Tromsø, Avd for Helsefag (tif: 776 60651), eller

Elin Hansen, Forskningsposten RiTø, tif 776 27348.

Beskrivelse av undersøkelsen og risiko-vurdering:
Hvis du samtykker i å delta i undersøkelsen, vil du i løpet av høsten 1998 få utført en
bentetthetsmåling på RiTø. Undersøkelse tar ca. 45 min og er helt smertefri og uten

komplikasjoner. Det brukes en lav røntgendosering, som tilsvarer 1/20 av et vanlig

lungebilde.
Du kan godt ha klær på deg under undersøkelsen, men ikke klær som inneholder

knapper eller materiale av metall.
Ca to måneder etter undersøkelsen vil du få brev om hvordan resultatet av

bentetthetsmålingen 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 går med eller uten hjelpemidler,

din høyde, vekt, tidligere arbeide, hvordan du vurderer din helse og flinksjonsevne

samt eventuelle tidligere sykdommer og nåværende medikamentbruk.



Vi vil gjerne høre om du ønsker å delta i denne undersøkelse, og ber deg derfor
retumere ditt svar i vedlagte svarkuvert (porto er betalt).

De som har svart ja til å delta vil høsten 98 få tildelt time pr. brev for undersøkelsen.
Alle transportkostnader til og fra RiTø blir dekket. De som ikke kan benytte offentlig
transportmiddel Mr tilbud om å bli hentet og kjørt hjem i drosje.

Hvis du ikke vil være med og ikke vil at vi purrer på svar, kan du krysse av i Nei
rubrikken. Vi har kun adgang til å purre en gang.

Sett kryss i den ruten som passer

ja, jeg ønsker å delta

nei, jeg ønsker ikke å delta LI

Undersøkelsen er ikke forbundet med smerte eller ubehag, det blir ingen venting på
sykehuset og du skal kun møte denne ene gangen.

For deg som ønsker å delta,
vær vennlig å oppgi ditt telefon-nummer:

Når prosjektet er avsluttet og resultatene bearbeidet vil du få tilsendt litt informasjon
om dette

Samtykke-erklæring:
Det er frivillig å delta i undersøkelsen. Du kan la være å delta eller svare på enkelte
spørsmål, og du kan trekke deg fra undersøkelsen når som helst uten å angi grunn og
uten at det vil få noen negative konsekvenser for ditt forhold til helsevesenet.
Likeledes kan du når som helst be om å få slettet de opplysninger som er registrert om
deg. Dette gjelder også etter at prosjektet er avsluttet. Når informasjonen om deg
benyttes vil det ikke være mulig å 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 å delta i studiet.
Jeg har mottatt egen kopi av informasjons- og samtykkeerklæringen.

Sted Dato Underskrift



SPØRGSMÅL

Røyking:
ja nej

Ryker du daglig for tida? I I
anta! år

Hvis du har røykt daglig tidligere, hvor længe siden er det siden du sluttet?

_______

antal år
Hvor mange år tilsammen har du røykt daglig? I

Alkohol:
ja nej

Er du total avholdsmannl-kvinne? I I

Ganghjælpemiddel:
ja nej

Brukte du gang-hjelpemiddel før du fikk slag (pasienter) I I I

Bruker du gang-hjelpemiddel nå (kontroller) I





Pas.nr.

SPØRRESKJEMA TIL KONTROLL PERSONER

TIDLIGERE ARBEID OG ØKONOMI

Hvordan vil du beskrive det arbeidet du hadde de siste 5-10 årene før
du ble pensjonist?

For det meste stillesittende arbeid?
(f.eks. skrivebordsarbeid, montering)

Arbeid som krever at du går mye?
(f eks. ekspeditørarbeid, husmor, undervisning)

Arbeid hvor du går og løfter mye?
(f.eks. postbud, pleier, bygningsarbeid)

Tungt kroppsarbeid?
(f.eks. skogsarb., tungt jordbruksarb., tungt bygningsarb.)

Hvor gammel var du da du ble pensjonert? år

OPPVEKST

Hvordan var de økonomiske forhold i familien under din oppvekst?
Meget gode
Gode
Vanskelige
Meget vanskelige
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RØYKING ja nei

Røyker du daglig for tida? E

ALKOHOL ja nei

Er du total avholdsmannJ-kvjnne9

LEGEMLIGE FUNKSJONER
Klarer du selv disse gjøremålene i det daglige uten hjelp fra andre?

ja med noe hjelp nei

Gå innendørs i samme etasje lEI [El [EI

Gå i trapper EI EI lEI

Gå utendørs tEl LEI LEI

Gåca500m
Gå på toalettet EI lEI LEI

Vaske deg på kroppen LEI [EI

Bade eller dusje LEI LEI

Klepåogavdeg EI tEl [El

Spise selv EI LEI LEI

Gjøre lett husarbeid (f.eks. oppvask) El Ei

Gjøre tyngre husarbeid (f.eks. gulvvask) EI Ei LEI

Gjøre innkjøp Ei [EI Ei

Tabussen EI lEI EI

Er du avhengig av noen av disse hjeplemidlene?
ja nei

stokk El Ei

ja nei

krykke Ei Ei

ja nei

gåstol Ei El

ja vanskelig nei

Kan du lese (evt med briller) lEI





EGNE SYKDOMMER

Hvordan er helsen din nå? Sett bare ett kryss

Dårlig fl

Ikkeheitgod fl

God fl

Svært god fl

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

ja nei

Kreftsykdom fl fl

Epilepsi fl fl

Parkinsons sykdom fl fl

Kronisk bronkitt fl fl

Benskjørhet (osteoporose) fl fl

Psykiske plager som du har søkt hjelp for fl fl

Stoffskiftesykdom fl fl

Sykdom i leveren fl fl

Grøn stær fl fl

Gråstær fl

Slitasjegikt (artrose) fl 1J

Leddgikt fl fl

Astma fl fl

Diabetes (sukkersyke) fl fl

Hjerteinfarkt fl fl

Angina pectoris (hjertekrampe) fl fl

Har du noen gang hatt brudd 9 fl fl

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 gjennomsnfti i løpet av måned?

____

gange
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LEGEMIDLER OG KOSTTILSKUDD

Har du det siste året periodevis brukt noen av de følgende midler daglig eller

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

Smertestillende

_______mnd

Sovemedisin

______mnd

Beroligende midler

______mnd

Medisin mot depresjon

______mnd

Allergimedisin

______mnd

Astmamedisin

_______mnd

Hjertemedisin (ikke blodtrykksmedisin)

______mnd

Insulin

______mnd

Tabletter mot diabetes (sukkersyke)

_______mnd

Tabletter mot lavt stoffskifte

_______mnd

Kortisontabletter

_______nmd

Midler mot forstoppelse

_______mnd

Kosttilskudd
Jemtabletter

_______mrid

Vitamin D-tilskudd

______mnd

Andre vitamintilskud

______mnd

Kalktabletter eller benmel

_______mnd

Tran eller fiskeoljekapsier

_______mnd

nå før aldri brukt

Bruker du medisin mot høyt blodtrykk? E)

BESVARES BARE AV KVINNER

Hvor gammel var du da du fikk menstruasjon første gang?

_____år

Hvor gammel var du da menstruasjonen sluttet?

______år

Bruker du, eller har du brukt østrogen-medisin? nå før aldri brukt

Tabletterellerplaster 0 0 0

Krem eller stikkpiller
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