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General introduction

History

Diseases of degeneration are a relatively new problem of public health. As late as the
turn of the century, infectious diseases like smallpox, diphtheria, enteric fevers and
tuberculosis were the health risks of main concern. Only during the last 50 years, a
substantial proportion of the population has lived long enough to sustain conditions like
cardiovascular diseases and diabetes. Shortly after the Second World War, there was a
growing understanding that the incidence of fractures among elderly was increasing, and
that this problem should be addressed. Studies on fracture incidence to verify the
problem were undertaken (1-5), and hypotheses not very different from the present ones
on the actiology of osteoporosis were stated (6). In the 50s and 60s, measures of bone
mass or density In vivo with better precision than eyeballing of radiographic films, were
introduced (7). However, the means to explore risk factors were rudimental, as modern
epidemiology had not yet been developed (8). In Sweden, the awareness of osteoporosis
was present very early (2), and in addition to excellent fracture registers (9, 10), the first
bone densitometer used in epidemiological studies was developed there (2, 11-13). The
introduction of this quantitative risk measure simplified osteoporosis research, and it
also made investors see a potential in selling prevention of fracture risk as defined by
bone densitometry. Osteoporosis is currently defined - not by fracture risk, - but by bone
mass compared to young adult women (14). Huge resources have been used the last
decade in development of medication to prevent osteoporosis, and several promising
treatment alternatives have been found. Research on osteoporosis is still an area with
rapid progress and continuous growth, reflected in the growing number of journals,

conferences and projects dedicated to this theme.
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Descriptive epidemiology of non-vertebral fractures

According to Swedish results, the incidence of practically all types of fractures has
Increased dramatically during the last decades (9, 15-19). Recent Finnish studies have
reported the same trend (20, 20-26). The increased incidence is not a consequence of
demography only; Sex- and age-specific incidence of all fractures has increased
substantially, especially among middle-aged and elderly persons (9, 27).

Fractures at different locations dominate at different ages and differently among
women and men. In general, three quarters of all fractures among men occur before the
age of 45, while the opposite is true for women (28). Both among men and women,
there seems to be a bimodal pattern, with more fractures in early c¢hildhood and in old
age, and with less fractures in mature life. The incidence of fractures increases
exponentially with age from approximately 45 years among women, and from
approximately 70 years among men (27, 28). Overall, fractures are more frequent among
men than women until the age of 50 years, then it becomes increasingly more frequent
among women (27). Among children, fractures in the forearm, humerus and ankle
dominate, while in old age, hip fracture is the most frequent non-vertebral fracture. In
middle age, forearm and ankle fractures are the most frequent fractures. Despite the shift
in fracture location with age, hospital admission rates increase exponentially with age
for any fracture location (28, 29).

Geographical variation of other non-vertebral fractures than hip fractures is
difficult to describe, as results are few. However, it scems that forearm and proximal

humerus fractures are more incident in Scandinavia than anywhere €lse (27, 30-35).
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Hip fractures

Hip fractures cause most suffering, comorbidity and expenses among the
fractures, and the epidemiology of hip fractures is better studied than for other fractures.
The incidence of hip fractures has increased dramatically in the developed world during
the last decades, also when adjusting for age. The expected increase in number of
elderly persons implies a further increase in hip fracture incidence worldwide (36).
Lately, the age-adjusted increase has levelled out, first in the United States {37, 38), later
in Denmark (39) and Sweden (40), but not yet in Finland (41) or Norway (42). The
incidence of hip fractures varies with geographical region, race, sex and age (36, 43).
Mean age of patients with hip fracture in developed countries is approximately 80 years,
and hip fractures are twice as common among women than men. However, geographical
variation is larger than variation across genders within regions (44, 45). The regions
with highest incidence of hip fractures are Scandinavia and among whites of North-

America (46).

Risk factors of non-vertebral fractures

Several models exist to explain the occurrence of injuries, for instance Haddon’s matrix

(47). The most important factors in the models on fracture aetiology include (figure 1):

(1) Risk factors for traumas (most often falls), Reduced balance or physical ability,
dizziness, reduced cognitive abilities, use of sedatives, slippery surfaces etc.

(2) The trauma: energy involved, direction of forces, forces on impact.

(3) The skeletons’ ability to resist a trauma. This 1s dependent on factors like bone
minera) density, bone size, bone quality etc.

(4) Protection; padding by soft tissue covering underlying skeletal structures etc.
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Factors that influence fracture risk work through one or several of these mechamsms,

and in the following, known risk factors of non-vertebral fractures will be discussed.

Figure 1. Model of fracture risk
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Gender

Before the age of 55 years, the incidence of any fracture is higher among men than
women. At higher age, some fracture sites are still more common among men (skull,
chest, clavicle, scapula, metacarpals, phalanxes and radius/ulna shaft), although the
gender difference 1s smaller. However, among older persons most fracture types (pelvis,
humerus, upper and lower end of radius and ulna, carpals, femur, patella, tibia, fibula,
ankle) are more incident among women than among men (27). The age-adjusted rate
ratio of upper limb fractures among women compared to men among persons 65 years
or older have been shown to be from 2.7 (Humerus other than proximal) to 4.9 (distal
radius) among whites (31). Similar numbers for lower limb fractures are from 1.8
(Shaft/upper tibia/fibula) to 3.6 (Patella). With respect to hip fractures, age-specific
incidence has mostly been reported to be approximately twice as high among women
compared to men from the age of 50 years. The gender difference has possibly become
smaller during the last decades (40). As women also have longer life expectancy, four
out of five hip fractures occur among women (48).

There are several plausible reasons for the large gender differences with respect
to fracture incidence: Men are more prone to suffer traumas in adolescence and young
adulthood, both through accidents in sports and at work, and through risk seeking
behaviour. Moreover, some fracture types are almost always a result of such behaviour,
making these fractures more common among men, even in old age (1.e. metacarpal
fractures). The fact that women have smaller skeletons with Jower bone mineral density
becomes more important with higher age, making most fractures more common among

elderly women than among elderly men. However, we are not aware of studies that have
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analysed what proportion of fractures among women that may be ascribed low bone

mineral density/small skeletons compared to men.

Age

The incidence of all non-vertebral fractures reaches a top in adolescence among both
women and men. Thereafter, it decreases until it increases again from the age of 45
years among women and from the age of 70 years among men. Different fracture
locations have slightly different patterns: The incidence of hip fractures increases
exponentially with age both among men and women, and it seldom occurs before the
age of 60 years. Forearm fracture incidence has a top early in life, increases again in
middle age (steeper among women than among men), and then levels out in old age.
Proximal humerus fracture incidence increases steadily into old age, as does the
incidence of distal humerus fractures, proximal radius/ulna fractures, pelvis fractures,
distal femur fractures, patella fractures and proximal tibia/fibula fractures. Ankle
fracture incidence, however, increases with age until the age of 70 years, thereafter it
decreases (9, 31).

The effect of age might be explained in several ways: Bone mineral dénsity is
known to decrease steadily with age in a magnitude of approximately 1 % pr. year,
although somewhat faster the first postmenopausal years among women (49, 50).
Balance and physical ability decreases with age, and incidence of falls increases with
age. Thus, among the elderly there are more traumas, and the energy and forces in a
trauma needed to afflict a fracture is less than among younger persons. The reason why
the fracture pattern shifts with increasing age might be slightly different traumas and

different activity with increasing age: When middle aged persons fall, they fall forwards,

14



stretching out the hands in the fall: Thus, they hurt either ankles or forearms. In older
age, persons tend to fall sideways without managing to break the fall with the arms,

resulting in hip fractures (51).

Reproductive factors

Hormoenes have been shown to affect bone metabolism and fracture incidence (52). The
use of oestrogen or hormonal substitution among postmenopausal women reduces bone
loss (53), and according to several observational studies, it also halves the incidence of
fractures (54-57). Natural exposition to hormones also seems to affect bone metabolism:
Early menarche, many pregnancies and premenopausal status is positively assoctated
with bone mineral density, at least among women under the age of 70 years (58, 59).
With respect to hip fracture risk, some studies suggest that early menarche (60), long
menstrual cycle length (61), late menopause (60), many pregnancies (61) and
breastfeeding (62) decreases fracture risk, although other studies do not find these
associations to be significant (late menopause (61, 63), parity (60, 62), lactation (60, 62,
63)). The effect of menopausal age seems to have an effect mainly the first years after
menopause (59). One study finds the risk of hip fracture to be higher with lower age at
menarche (61). The risk of wrist fractures decreases with length of fertile period (64), it
decreases with age at menopause (64, 65) and increases with age at menarche (64),
while there does not seem to be any assoctation to breastfeeding or parity (64, 65).
Primary amenorrhea is considered to be a major risk factor for osteoporosis and
fractures, although results with respect to effect on fractures are scarce (66).

Androgens have also been associated with bone metabolism. Lack of

testosterone is probably related to low bone mass, and treatment prevents bone loss (67,
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68). However, measured blood concentration of testosterone does not seem to predict
subsequent fractures (69).

How hormones affect fracture risk has until lately been assumed from
observational studies, with the exception of a small clinical trial with transdermal
oestrogen (70). Recently, a large double-blind and randomised clinical trial with
hormone replacement therapy has been published, and there was no effect whatsoever
with respect to fracture risk (71). Even if this study primarily was designed to study
cardiovascular disease, it leaves questions about the actual effect of the various
hormones, and what importance bias and confounding have had on the results in the

cited observational studies.

Diet

Too low encrgy intake is probably frequent among the elderly, and this in itself is a risk
factor for hip fractures (72).

In addition, bone metabolism is dependent on calcium and vitamin D. Achieved peak
bone mass is dependent on adequate intake of these constituents of the diet (73), and
calcium is also necessary to permit bone metabolism to respond to mechanical stimuli
(74). From experimental evidence, it seems that present recommended daily allowances
are too low to give optimal formation of bone, especially with respect to young women
in growth (75). Furthermore, malnutrition in old age is frequent, thus among the elderly,
intake of calcium and vitamin DD is probably a major limiting factor with respect to bone
health. This is verified in several intervention trials on hip fractures among old people
(76). Observational studies, however, have not been convincing with respect to

protective effect of calcium and vitamin D in the diet, which might reflect inherent
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misclassification, confounding by indication (persons who know they are osteoporotic
take more calcium) or better effect of controlled additions to the diet (76).

With respect to other constituents of the diet, many have been suggested as risk
factors, although witl-xout consistent documentation: Diet high on iron, vitamin A,
vitamin C and Magnesium seems to be a risk factor for hip fractures (77, 78). Diet high
on proteins may be deleterious to the skeleton as it increases calcium excretion in the
urine (79). However, recent results from large follow up studies actually suggest the
opposite association, making this a case for further studies {80, 81). Excessive intake of
caffeine may also be deleterious (82, 83), although this is debated (60, 84). Diet low on
Vitamin K is suggested a risk factor for hip fractures (impaired carboxylation of the gla-
containing proteins of bone) (85), but again, there are contradictory recent resuits (86).
In conclusion, total energy intake, calcium and vitamin D seem to be the most important
dietary factors with respect to hip fractures. With respect to other fractures and other

dietary factors, there are many unanswered questions.

Physical activity

Physical inactivity leads to bone loss and weakens muscle strength and balance, and in a
recent review, we found that physical activity seems to protect against hip fractures (87).
In controlled randomised trials, physical activity seems to give a slight increase in bone
mineral density, or at least it slows the rate of bone loss (22, 88, 89). However, physical
activity may affect fracture risk through other mechanisms than through bone mass.
Moreover, physical activity may affect the risk of fractures at different sites differently,
an aspect which had not been explored at the initiation of this study, although some
studies had suggested no relation between previous physical activity and fractures in

distal forecarm and humerus (65, 90-92).
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Smoking

A lower bone mineral density in smokers was shown more than 20 years ago, but
the clinical consequences of it have been disputed (93). The relation between tobacco
smoking and non-vertebral fractures other than hip fractures have not been much
studied, espectally not among men. Follow up studies among women before the
initiation of this study had not found smoking to be a risk factor for any fracture, or for
fractures in proximal hurﬁerus or distal radius (65, 94). During the present study, other
publications have found tobacco smoking to be unrelated to fractures in ankles and feet
among elderly women (90), to any fracture among perimenopausal women (95), and to
wrist fractures among male health professionals (96).

With respect to hip fractures, some follow up studies have found no association
with smoking (94, 97, 98), while others have found tobacco smoking to be a weak risk
factor for hip fractures (61, 99, 100). A recent meta-analysis on the subject has clarified
the relation between smoking, bone mineral density and hip fractures among women
(101). It seems that tobacco smoking is not related to lower bone mass or to hip
fractures among premenopausal women. Among postmenopausal women, smokers lose
approximately 2% more of their bone mass pr. decade than non-smokers. Consequently,
the difference between smokers and non-smokers increases with age, and constitutes 6%
at the age of 80 years. Thus, relative risk of hip fracture among smokers vs. non-
smokers increases with age, from 1.17 (95% CI 1.05-1.30) at 60 years to 2.08 (95% CI
1.70-2.54) at 90 years. With incidence and prevalence figures with respect to hip
fractures and smoking similar to those in England 1992-93, one of eight hip fractures
may be ascribed smoking (101). The effect of tobacco smoking on hip fracture risk
among men has been less studied, but seemns to be similar as among women. The

harmful effect of smoking seems to be more pronounced among women with low body
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mass index than among women with higher body mass index, while a similar interaction
has not been found among men (100).

The mechanisms of the effect of smoking on bone is unknown, but several
hypotheses have been proposed: Smoking may reduce calcium absorption (102), there
may be a direct toxic effect on bone (103), furthermore, the risk of falling is a little
greater in smokers (104, 105). More commonly postulated mechanisms are lower body
welght among smokers and actions of smoking on oestrogen. However, these

miechanisms can account for only a smali proportion of the effects seen (101).

Alcohol-consumption

In several large follow up studies, the incidence of hip and forearm fracturcs has been
weakly related or not related at all to alcohol consumption (61, 63, 65, 96-98, 106-108).
Studies on bone mineral density suggest that moderate alcohol consumption is related to
higher bone mass, and one study even suggested a lower incidence of hip fractures
among alcohol consuming women (109). All these studies have measured alcohol
consumption as average consumption over some tinme, not as time spent with high blood
concentration of alcohol. One study focusing on blood concentration of alcohol finds a
very high risk of injurious falls when inebriated (110). Thus, alcohol consumption may
be an important risk factor for fractures, despite the results from follow up studies on
hip fractures. However, this risk would only be apparent when measuring alcohol
consumption in terms of time spent inebriated/with a high blood alcohol concentration.
The relation between alcohol consumption and other fracture types was not
known before the initiation of the present study. Later published follow up studies have

found total intake of alcoho! to be a risk factor for wrist fractures and for any fracture
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among perlmenopausal women (95), but not for fractures in ankles and proximal

humerus among elderly women (90).

Anthropometric measures

Body height was first described as a risk factor for hip fractures in a large Norwegian
follow up study among middie aged persons in 1993 {111). It has since been reproduced
in several other large follow up studies, both among middle aged and elderly women
and men (63, 107, 112). The relationship might be explained by longer hip axis length
among tall people (113), and it might also be explained by more energy in falis among
tall people (114). The relation between body height and hip fractures might explain parts
of the regional differences as well as the some of the last decades’ increase in age
adjusted hip fracture incidence (45). The relation between body height and other
fractures had been less described before the initiation of this study. Studies published
later have found no relation between recent measured height and fractures in ankle and
feet among elderly women (90), but there is an association between height at age 25
years and risk of any fracture among postmenopausal women (113).

Total body weight, hip girth, lean mass, fat mass, percent body fat and body
mass index have all been shown to be associated with lower hip fracture incidence
recently (116). More specifically: Thin people (persons in the lowest quartile) are at
greater risk of hip fracture than persons of plumper buiid. Most of this association 1s
explained by lower bone mineral density at the hip among thin persons. The relationship
between body mass index and hip fractures is a consistent finding in numerous studies
(60, 63,72,77,97, 106, 111, 115, 117-119). Some follow up studies have found no
statistically significant association between weight and distal forearm fractures (64, 65,

96) or proximal humerus fraciures (65), while one recent study found distal radius
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fractures to be less frequent among those with high body mass index (115), and this
effect may be stronger among smokers (120). With respect to other fracture sites, this
relation had been less studied before the initiation of this study. A later follow up study
suggests that weight is a risk factor for ankle fractures but not foot fractures among

elderly women (90).

Falis

As about 80 % of all non-vertebral fractures among white elderly women may be
attributed to falls (121), it is important to be aware of risk factors for falls, and
especially risk factors for falls leading to injuries. Falls in itself, injurious or not, are
also a strong parameter for risk of institutionalisation (122). Hence, clderly persons that
have experienced onc or more falls need special attention whether they are injured or
not (123). On the other hand, 90 % of falls do not result in an injury, and only about 5 %
of falls in elderly women result in fractures and about 1 % result in hip fracture (121,
123-126). Among elderly, common risk factors for falls are cognitive impairment,
presence of chronic conditions, balance and gait impairment, low body mass index and
the use of various medications (127-129). Among younger age groups, alcohol

copsumption is possibly the most important risk factor for injurious falls (130).

Other traumas

Fractures are more often a result of high-energetic or severe traumas among men than
women, and among young persons than among elderly (131-133). In a Norwegian
population, 32 % of all fractures could be ascribed collision accidents with another
person or with an object, and 22 % could be ascribed falling from a height (131). The
age difference may be explained by a steep increase with age in the incidence of

fractures caused by moderate traumas {134). In an American population, 18 % of all
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fractures occurred in the context of sports activities {133). More of today’s hip fractures
seem to be the result of a moderate trauma than some decades ago (135), implying
poorer bone quality nowadays than earlier. The distribution of trauma-mechanisms of
various fractures at different ages was uncertain before the implementation of the

present study.

Inheritance

In principle, all diseases are triggered by a sufficient cause that is composed of a large
number of component causes. Removing one component from the sufficient cause is
enough to avoid the disease. Thus, describing component causes by size in individuals
carries fittle meaning (8). However, it is possible to describe population attributable
risks in given settings. Correspondingly, heritability can not be generalised to other
settings than those studied: In a population where some people have no food and others
eat at leisure, this will be the factor explaining most of the variance with respect to
almost any biological measure. On the other hand, in a population where everyone eats
at leisure, genetics will probably explain substantial parts of corresponding variance. In
some settings, heritability of bone mass has been reported as high as 85% (136).
According to twin studies, the distribution of femoral bone mass and the calculated
structural strength of the proximal femur seem to be influenced by genetic factors (137,
138). Even among elderly, genetic factors seem to be important determinants of bone
mass (studies from England and Australia) (139, 140), although not as important as
among young persons (141). However, the association between genetic factors and bone
loss seems to be weak or non-existent {142). The association between fractures among
parents and offspring is moderately strong (63, 90, 143) or non-existent (144), and any

relation is almost independent of bone mineral density (63). Thus, heritability is another
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factor of many to account for in the puzzle of fracture aetiology. Although not treatable,

it may be useful in the identification of persons at high risk of fractures.
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Aims of the study

The aim of the Tromse Osteoporosis Study (TROST) has been to study the phenomenon
of osteoporosis in all aspects. Projects on aetiology, treatment, epidemiology,
interventions, blood markers and bone mineral density have been planned, and most of
them are implemented. When I entered the scenc in 1994, the population of Tromse had
been thoroughty examined and questioned through three earlier surveys in 1974,
1979/80 and 1986/87. The aim of my thesis was to relate the extensive information
acquired through the earlier surveys to the subsequent incidence of fractures. From the
start, we were of the opinion that the analyses should be planned according to prior
hypotheses, thus avoiding a fishing expedition, and rather testing hypotheses. Qur focus
has been on the effect of life-style factors and anthropometric measures, in addition to
the descriptive epidemiology of fractures according to gender, age and trauma
mechanism in the study population. Moreover, it has been important to find and validate
a method of fracture registration in the population, with further research in this

population in mind. Our hypotheses to test were as follows:

A. Computer linkage with the radiographic archives in the University Hospital of
Tromse via the national personal identification number is the best method of
fracture registration in the Tromse-population, and this method 1s good enough for
research.

B. High body height and low body mass index are independent risk factors for any non-
vertebral fracture.

C. More physical activity, whether at work or in leisure time, is associated with lower

incidence of fractures at any non-vertebral site.
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D. More alcohol consumption and tobacco smoking is associated with higher incidence
of fractures at any non-vertebral site.
E. Body height loss may predict subsequent non-vertebral fractures, and may be used as

a screening tool in general practice.

In addition we wanted to describe the incidence of non-vertebral fractures in the

population by age, gender, trauma-mechanism and fracture site,
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Methodological considerations

Study design

The study design least vulnerable to bias is an experimental study, in which neither the
participants nor the researcher are aware of exposure status of the study subjects, and the
groups to compare are sumilar in all other aspects than the exposure of interest (“*blinded
randomised trial”). Furthermore, information on exposure and endpoints should be valid
and precise, which requires prospective and preferably continuous collection of data.
The study population should be representative of the “target background population”,
and the study population should be large to ensure power in the analyscs. In real life, all
these requirements are seldom possible to fulfil. For instance, few exposure factors
(other than medications) are possible to test in randomised clinical trials due to practical
and economical reasons, thus most “risk factors” are accepted on evidence from
observational studies. However, in observational studies, in contrast to clinical trials, it
is possible to observe entire populations, making external generalisation trustworthy.
The present study is a large, population-based (entire Tromse population within
described age groups), observational study. Information on exposure variables were
obtained before any endpoint occurrence (prospective follow up study), and the
registration of endpoints was in practice continuous (fracture registration at the
department of radiology). Thus, the design should be optimal for the study of risk

factors for fractures in a general population.

Study population

The Tromsg study is based on information gathered through population surveys in 1974,

1979/80, 1986/87 and 1994/95 (145) (Figure 2).
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Survey I, 1979/80

21 329 ivited, 16 509 attended, in addition
112 attended without an invitation

Original cohort 21 441 persons, in paper I

[ 4 653 migrated or died

Survey lll, 1986/87

16 676 of original cohort invited, in paper III
13 779 attended
12 270 attendees had also attended survey 11, in paper IV

12 097 had valid measurements, in paper Il and ¥V

]
1 868 migrated or died

Survey IV, 1994/95 Fracture

14 808 of original cohort invited registration

1988-95

12 807 attended

10 441 attended all three surveys

Figure 2. Study population in papers

In 1979/80, all males born 1925-59 and all females born 1930-59 were invited to the

survey (21,329 persons), in addition 112 attended without an invitation (they became
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residents during the survey). These 21,441 persons constitute the study population in
paper L. Of this population, 16,676 persons were invited in both 1979/80 and 1986/87
{(study population in paper III), of which 12,270 attended both surveys (study population
in paper IV). Due to some invalid height/weight measurement (pregnancy, would not
take shoes off, refused etc., n=173), the study population in paper II and V comprised
12,097 persons. These slightly different study populations account for the differences in
presented fracture incidence between the papers.

Ofthe 21,441 persons that were invited in 1979/80, 14,808 were also nvited to
the survey in 1994/95, of which 11,626 answered and returned a questionnaire on hip
and forearm fracture occurrence (used in analyses in paper I}. Among the 12,270
persons invited in 1979/80 and 19806/87, 10,441 attended the survey in 1994/95 (some of

this “retrospective information” was used in validation analyses in paper IV).

Fracture registration

All fractures suffered by persons in the cohort are registered at the University Hospital
in Tromse. The nearest alternative radiographic service or fracture treatment facility 1s
located at a distance of 250 km from Tromse. The only fractures that could be missed at
the University Hospital would be fractures occurring while inhabitants were travelling
and no control radiographic examination was done after returning home, in addition to
fractures not radiographically examined.

The computerised records in the radiographic archives of the University Hospital
contain codes for location, pathology (fracture, degeneration etc.), further description
(operated, control, replaced etc.) and development {progression, regression) in addition
to the national personal identification number and time of investigation. Ninety percent

of the radiographic reports in our radiographic archives have the national personal
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identification number recorded. The last 10 percent of records were registered with
name and date of birth only. All records with a non-normal code (i.e. with any
pathology, n= 12 509), which also had a personal identification number matching a
person from our cohort, were retrieved and reviewed., In addition, records with a fracture
code and with date of birth matching persons in our cohort were retrieved and reviewed.
No additional fractures were found when also reviewing a random sample of 1,044
descriptions coded as normal/no pathology. All non-vertebral fractures were included in
this registration.

In order to validate the registration at the department of radiology, we checked
all patients (n = 550) with ICD-diagnoses 813, 820 or 824 (wrist, ankle or hip fracture)
during 1994 at surgical departments and surgical outpatients’clinics at the University
Hospital. Of these, only one had been missed by the radiographic archive (medical
record states that radiographic film was given to patient without radiologists’
assessment). From our cohort we also chose a random sample of 1,000 persons and
checked the actual envelopes containing radiographic films, referrals and full text
descriptions. We found 68 fractures, of which one had not been picked up by the review
of radiographic descriptions. Previously we had only reviewed referrals and full text
descriptions stored on microfilm.

A further validation of the fracture registration is described in paper I, but
briefly, our mode of registration was superior to self-report of hip and forearm fractures
by questionnaire and to hip fracture registration by discharge register. A less extensive
validation is described in paper H and IIf, which compared self-reports among attendees
to all the three surveys (n=10 441). As the corresponding comparison in paper I also
included persons not attending the surveys in 1986/87 and 1979/80, the numbers

presented are not quite similar to those presented in paper II and IIL
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Other possible fracture registration methods in our population would be

continuous follow up through regular calls or mailed cards to the members of the cohort

(63), or by continuous registration at the emergency clinic servicing the population

(131). These methods may give a better view of the fracture circumstances (mechanism,

location etc.). However, our loss to follow up is minimal and would probably not be less

by any other registration method.

Registration of exposure variables and confounding factors

The routine in the surveys of the Tromse Study has been to include a questionnaire
printed on the reverse side of a letter of invitation. This questionnaire has included

questions on the seven main topics (see appendix I and If):

A. Known atherosclerotic disease, hypertension or diabetes mellitus.

B. Symptoms possibly caused by coronary or peripheral atherosclerosis.
C. Physical activity during leisure time.

D. Smoking habits.

E. Conditions of work — physical activity etc.

F. Ethnic origin.

F. Family history of cardiovascular disease.

The examination has consisted of miniature chest X-ray (only in 1979/80), blood

pressure measurements, weight and height determination, and blood samples were
obtained. Height and weight were measured to the nearest centimetre/kilogram once at
each survey. The attendants wore light clothing without shoes, and the subjects were

measured with their back against a wall on which a ruler was mounted. A bar
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perpendicular to the ruler was positioned against the subject’s vertex, and the
corresponding reading was recorded. Remarks were made if height or weight
measurement could be invalid (pregnancy, would not take shoes off, crippled, refused).
During the examination, a trained nurse checked the questionnaire for inconsistency.
Each person examined was handed a stamped, addressed envelope with a second
questionnaire (see appendix I and II} which they were asked to complete at home and
return by mail. The examinations in the 1994/95 survey were far more extensive, for

details see (146). The second questionnaire comprised the four main topics:

A. Previous and/or present dietary habits, including alcohol intake.

B. Previous and/or present illnesses (not including osteoporosis), apart from those
covered by the first questionnaire. Questions on hip and forearm/wrist fractures were
inctuded only in 1994/95.

C. Iinesses in parents and siblings.

D. Social conditions and psychological attributes.

Details on the implementation of the surveys are found elsewhere {145). The questions
on physical activity in leisure time has been shown to correlate to both physical fitness
(147} and to cardiovascular risk factors (148). The questions on tobacco smoking have
been validated by comparison to blood concentration of thiocyanate (149), and the
questions on alcohol consumption cotrelates both to a structured interview and to
gammaglutamyl-tranferase levels in the blood (150).

In the Tromse study, the questions and routines have been similar in all surveys
(apart from new extensions in later surveys), thus observed trends and individual

changes should be valid. However, questions and measurements in the three first
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surveys were originally planned to answer questions concerning risk of cardiovascular
disease. Exposure registration with respect to the present study would possibly be better
if planned for evaluation of fracture risk. For instance, height could have been measured
more precisely and several times at each occasion, and more accurate questions on
weight-bearing physical activity could have been asked. Unfortunately, the present study
was planned and implemented after the data collection in the three first surveys, thus we
can only discuss the implications of the mode of data collection. Briefly, the questions
on physical activity have been rated high also with respect to other endpoints than
cardiovascular discase (151). The height measurements are similar to those in general

practise, and they seem to be reliable (152-154).

Analytical methods

In the validation study (paper 1), the definition of a gold standard was intricate, as none
of the registration methods were complete. To further complicate the picture, the
registrations may be presented both as counts of fractures and count of persons with
fractures. In my main presentation, I have visualised the five different ways of fracture
registration compared to number of persons with verified fractures (by radiographic
report, in three cases only by telephone interview) in the entire study population found
by any of the methods. However, analyses were also made counting fractures (instead of
persons with fracture), and comparisons were also made within the group that had self-
reports on fracture-status (i.e. the percentage of self-reported fractures that were
established as no fracture).

In the analyses on height, weight, alcohol consumption, tobacco smoking and
physical activity (paper II-IV), I took advantage of the fact that these factors were

measured at more than one point in time. Thus, the exposure variable has been defined

32



as both exposure at one point in time, accumulated exposure and change of exposure.
Furthermore, analyses have been made with different endpoints according to fracture
site (specific sites, weight-bearing or not weight-bearing site, and fractures in upper or
lower extremities). Moreover, information in the referrals made 1t possible to restrict
analyses to fractures after low-energetic traumas only. A disadvantage of the many
exposure- and endpoint definitions is the resulting high number of analyses, leading to
possibly coincidental statistically significant results. To cope with this problem, I have
tried to describe/find patterns in the results.

In order to assess confounders, I have evaluated whether factors with a known or
suspected association to both exposure of interest and the incidence of fractures have
affected the relation between exposure and fracture incidence. In paper Il and V, several
factors did change one or more point estimates, and results adjusted for many factors
were presented. In paper II and 1V, few factors did actually confound the results,
necessitating few presentations of adjusted results. However, gender was a strong
confounding factor with respect to practically all analyses, as was age among women.
Consequently, all analyses have been presented stratified by or adjusted for gender, and
all analyses among women have been stratified by or adjusted for age.

Prior to the analyses, we believed that age and gender would interact with
several exposure factors, as gender and age were so strongly associated with the
incidence of fractures. Beyond that, we had no well-founded algorithm on which factors
to test for interaction. Consequently, we checked for inferaction with all suspected
confounding factors. According to this “fishing trip” approach, the interactions found
should be verified in other populations. The interactions were analysed by stratified

analyses and regression analyses with interaction terms.
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In the handling of the analyses and data in this thesis, I have used several
software packages. Punching, checking, dataset-formatting and some analyses
(confidential intervals by exact binomial distribution) of the fracture registration were
performed in Epi-info (155). Many initial analyses {(cross-tabulations and logistic
regressions) were performed in SPSS (156), while most of the final analyses presented
(cross-tabulations, Mantel-Haentzel chi-square, Cox-proportional hazard, age-specific
incidences} were executed in SAS (157). What programme I knew best at the time, and
what was easiest available mostly decided the choice of programmes.

Many of the results presented in the theses have been analysed by Cox-
proportional hazards regression, which is one form of survival analysis. This method has
one important assumption: The hazard ratio is constant over time, or equivalently, the
hazard for one individual is proportional to the hazard for any other individual, where
the proportionality constant is independent of time. Basically, there are three ways to
evaluate this assumption: a graphical approach (log-log survival curves should be
parallel, expected and observed survival curves should be similar), a formal goodness-
of-fit test and time-dependent analyses (158). I have plotted log-log survival curves with
respect to the occurrence of any fracture related to the following exposures: Physical
activity in leisure time and at work {(from both surveys), smoking {the variables on
accumulated exposure), body height loss (height loss or not), body height (in quartiles)
and body mass index (in quartiles). As fracture incidence is strongly dependent on age
among woren, I have also plotted similar curves adjusted for age among women.
According to these plots, the proportional hazard assumption is fulfilled in the analyses

presented in the papers.
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Summary of papers

Paper 1

In this methodological study, our objective was to validate our fracture registration, and
to compare different methods of fracture registration. As we had the 11-digit national
personal identification number of all the persons in our study population, we could make
a computer linkage to the archives of the local department of radiology in order to find
all radiographic examinations in the population. We dealt with the resulting database of
radiographic descriptions in three different ways: The descriptions were coded, and the
first method was to use only the codes i order to find the fractures. The other method
was to review all the descriptions coded as fractures, thereby ascertaining all cases. The
third method was to review all full text descriptions in order to get full ascertainment. In
addition to these three methods of registering all non-vertebral fractures, we sought hip
and forearm fractures by self-report in a questionnaire handed out at a survey in
1994/95, and we sought hip fractures through the computerised discharge register of the
local hospital. When not finding an explanation of a self-reported fracture, we also
interviewed the person by telephone.

Briefly, the computer linkage to the local hospital was a very efficient method of
fracture registration, but the fracture cases should be ascertained by review of the
corresponding radiographic full text description. Self-report was vulnerable to loss to
follow up, and even among the persons answering the questionnaire, only 85 % of
forearm fractures were detected. The discharge register detected 87 % of the fracture
cases, but the total number of hip fracture discharges was 11 % higher than the number

of actual fractures.
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Paper 11

In this paper, our objective was to study the relation between non-vertebral fractures and
anthropometric measures (stature, body mass index) in the study population. We found
that the risk of non-vertebral fractures increased with higher body height. Although
stature was not a strong risk factor, the trend of higher stature the last century (average
height approximately 10 cm higher than 100 years ago) seems to explain a substantial
proportion of the present fractures. High body mass index turned out to be protective
against fractures, and women who had gained weight had lowered their risk of fractures
in the lower extremities.

Paper 111

In this paper, our objective was to study the relation between physical activity and the
incidence of non-vertebral fractures. We found that physical activity seemed to protect
against fractures in the weight-bearing skeleton, but not in the non weight-bearing
skeleton. In this paper, we have also presented incidence numbers of different fracture
types stratified by age. We found that the incidence of all types of fractures increased
steeply with age among women, and that this was more pronounced with respect to
fractures after low-energetic traumas. The incidence of fractures did not increase with
age among men, consequently the female/male ratio increased steeply with age.

Paper 1V

In this paper, the objective was to study the relation between alcohol consumption,
tobacco smoking and the incidence of non-vertebral fractures. The incidence of non-
vertebral fractures was positively associated with a score for total alcohol consumption
among women, but not among men. Frequency of consumption of beer and spirits were
weak risk factors for non-vertebral fractures among both men and women, especially for

fractures in the lower extremities. In contrast, men consuming wine frequently had
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lower incidence of non-vertebral fractures than non-consumers of wine. Persons getting
inebriated frequently were more prone to suffer fractures than others. Among men, 18 %
of all non-vertebral fractures could be ascribed smoking. Smoking was not a risk factor
for fractures among women.

Paper V

In this paper, the objective was to study whether measured body height loss could
predict subsequent non-vertebral fractures, and whether this simple measure can be used
as a screening tool. We found that women that had lost height from 1979/80 to 1986/87
did suffer more non-vertebral fractures than women not losing height did. However, the
relation was too weak to use as a screening tool, and there was no similar relation

among men.
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General discussion

Limitations: Validity and potential biases

External validity

Our study population includes all regular residents of a community, apart from persons
temporarily living in Tromse, and students not registered as inhabitants of the
municipality. Thus, this is a study of a “rormal” population which should be
representative for any Scandinavian population, and possibly any small city population
with range from low middle class to high middle class. However, the community 1s
situated in a rather harsh coast climate, and the terrain is hilly. This should be kept in
mind when making comparisons to other populations. Our results on body height, body
height reduction and fractures might be dependent on Scandinavians’ generally tall
stature. And the results on physical activity, alcohol consumption, smoking and different
fractures are not convincingly strong. Thus, the results should be verified in other
populations. This also applies to the validation of fracture registration by computerised
search. The results on fracture pattern across genders, age groups and trauma-
mechanisms are however consistent and highly significant, thus they are probably valid

for other similar populations.

Internal validity

Scandinavian studies have proven to get high attendance rates compared to studies
elsewhere (159), and in our study 73.6% of invited persons attended two consecutive
surveys. The attendance rate imncreased with age both among men and women, and it was

higher among women than men (table 1).
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Table ]

Attendance rate among the 16 676 persons that were invited to surveys in 1979/80 and

1986/87 (attendees participated in both surveys).

Age-group by Men Women

dec. 31,1988  Attendance rate in percent Attendance rate i percent

(years) (attendended/invited) (attendended/invited)
25-29 42.6 (220/517) 59.6 (271/455)
30-34 51.4 {715/1392) 68.5 (1020/1490)
35-39 65.3 (1091/1671) 78.6 (1219/1551)
40-44 72.4 (1192/1646) 84.2 (1345/1597)
45-49 75.6 (975/1289) 85.2 (987/1158)
50-54 79.7 (791/992) 88.7 {(768/860)
55-59 78.4 (728/929) 86.7 (474/547)
60-64 823 (474/576)

It is possible to imagine an interaction dependent on attendance-status: The relation
between physical activity, body height etc. and the incidence of fractures may be
dissimilar among non-attendees compared to attendees. We have no means by which to
explore this interaction, even if we know that age-adjusted mortality is higher among
non-attendees than among attendees in Tromse (160), and even if we know that the
incidence of any fracture is almost similar in the two groups (figure 3). However, the
high attendance rate leaves a limited potential for selection bias, as the presented results
are valid for the great majority of the entire city population, despite any possible

interaction with attendance-status.
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Figure 3. Incidence of any non-vertebral fractures dependent on attendence status
(attended both surveys vs. not attended both surveys)
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Causal relations?

What is a cause? This question is worthwhile to philosophise about when doing research,
especially in the field of epidemiology, where associations often are spurious or weak
and difficult to interpret. Modern epidemiology claims that all effects (endpoints, events)
are the consequence of many component causes, which in combination resemble a
sufficient cause. Moreover, any effect may have an infinite number of possible sufficient
causes. One specific component cause may be part of the sufficient cause in just a
fraction of all cases (for instance brake failure in the car may be a component cause of
some hip fractures, but not all). The factors associated with fracture incidence may be
markers of some causal factor, or the factor may itself be a component cause in some or
all the cases (8). There is no simple test to decide whether an association is “causal” or

not. Hill (161) suggested nine criteria by which to judge causality: Temporality, strength,
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experimental evidence, specificity, coherence and analogy. In modern medicine, the
golden standard of demonstrating a causal relationship is experimental evidence through
clinical trials, preferably by a blinded randomised design. Unfortunately, most factors
are impossible or not viable for such studies, thus, the causality of most risk factors for
fractures are uncertain and will remain uncertain. An evaluation of our results according

to Hill’s criteria reveals the following:

1. Temporality: As all baseline information was acquired before the follow up, this
criterion is fulfilled.

2. Strength: Many of our presented results are relatively weak. One exception is the
fracture pattern across age and genders.

3. Consistency: There is a paucity of studies on all fractures among middle aged
persons. Hence, it is difficult to assess the consistency of our findings across
different populations and time periods. Moreover, the associations found have
not been very consistent even within our population (with respect to physical
activity, body height, body mass and body height loss).

4. Biological gradient: When an association is weak, any trend may easily
disappear in “random noise”. Thus, a biological gradient may exist, despite
seemingly non-linear patterns. In our results, some trends have been
demonstrated, but none of them can be described as strong or convincing.

5. Plausibility: Refers to biologic plausibility of a hypothesis. Most of our results
are biologically plausible according to present knowledge on the aetiology of
fractures. However, this criterion is difficult to assess, as there are usually many

possible modes of action for a component cause. (E.g. alcohol may increase bone
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mineral density, but it may also increase the risk of traumas when inebriated.
Thus, “any” net effect of alcohol consumption is plausible.)

6. Experimental evidence: Human experimental evidence with respect to the effect
of body height, body mass index, height loss, smoking and alcohol consumption
on the incidence of fractures is hardly obtainable in practice. With respect to
physical activity, attempts of getting such evidence have been made (162).
However, the relatively low incidence of non-vertebral fractures requires very
large studies.

7. Specificity: The criterion of specificity requires that a cause lead to one single
effect, not multiple effects. This criterion is not fulfilled by any of our exposures.
However, the criterion is aétually invalid, specificity does not confer greater
validity to any causal inference regarding the exposure effect (8).

8. Coherence: Present result should be coherent with previous knowledge. Same
discussion as with plausibility.

9. Analogy: Not very relevant criterion, as lack of analogies may reflect lack of

imagination and experience as well as falsity of the hypothesis.

In conclusion, we can not claim to have demonstrated any causal relationships in our
study, with the possible exception of the effect of age and gender on fracture incidence.
However, our study is large, and there is probably no better non-experimental study
design with respect to potential for bias. Thus, this is probably among the most reliable
results possible to get on the studied risk factors for fractures. Viable methods of
strengthening a hypothesis of causality are by reproducing the results in other
populations (demonstrating consistency), by implementing larger studies (increasing

power) and by discovering and adjusting for presently unknown confounding factors.
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Fracture incidence in the study population compared to other populations

When comparing incidence numbers from different populations, the fracture
registration should preferably be similar in the populations. Our registration of fractures
1s probably comparable to fracture registration in Malme (9), which also has sought
fractures in the department of radiology, though without a corresponding exiensive
validation as ours (paper 1). Most other studies have registered fractures through
hospital registers, deparfments of surgery and/or outpatients’ clinics, and the
completeness of ascertainment has mostly not been validated. Moreover, the definition
of fracture site varies across studies. For instance, some forearm studies have included
only distal radius fractures (30, 32, 39, 134, 163-167), while other studies have included
all distal forearm fractures (19, 33, 168, 169). Furthermore, some of the numbers
compared are imprecise due to the formats in their presentation (different age-groups,
presentations in figures). And no women in the oldest age group are older than 66 years
of age in the Tromss Study, possibly underestimating the incidence of wrist fractures in
age group 60-69. All these reservations make the comparisons presented in figure 4 to
figure 12 crude. In the figures, confidence intervals for the Tromse incidence numbers
are noted. As the populations in the other studies are larger than our study population,
the corresponding confidence intervals are narrower than for the Tromse-results.

Figure 4 illustrates that the incidence of all fractures 1988-95 in the female Tromse-
population was higher than in previous studies from UK (Leicestershire) in 1954-58 and
1980-1981 (27), but similar to studies from UK (1994), Australia (1989) and Ohio
(1977), and lower than incidence numbers from Trondheim (1985) (131, 133, 170, 171).
Among men, the incidence rates were lower in Tromse than in Trondheim, Ohio and

Cardiff (figure 5).
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Figure 4. Incidence of all fractures among women in defined populations
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Among men, the incidence rates were lower in Tromsg than in Trondheim, Ohio and

Cardiff (figure 5).

Figure 5. Incidence of all fractures among men in defined populations
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The pattern of fracture incidence across age and gender is similar in the studies, verifying

the gender and age differences (figure 6).

Figure 6. Incidence of all fractures in the study population.
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Many papers have studied the incidence of distal forearm fractures in different
populations (19, 30, 32, 33, 39, 134, 163-169, 172), and comparison to our incidence
numbers are presented in figure 7 and 8. The figures demonstrate that the incidence of
distal forearm fractures is high in Scandinavia. The incidence of wrist fractures in
Tromsg compares to similar numbers found in Oslo in 1979 (33), in Bergen in 1988 (30)
and in Frederiksborg, Denmark in 1981 (32). The incidence of hip fractures increased
both in Tromsg and Oslo from 1978 to 1989, and the incidence of hip fractures was
higher in Oslo than in Tromsg (42). A similar relationship with respect to incidence of
wrist fractures in Oslo and Tromsg is possible according to our results. Figure 7

demonstrates that distal forearm fracture incidence was extraordinary high in Helsinki,
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Finland 1977-81 (168). Hip fracture incidence is lower in Tampere, Finland than in other

Nordic cities (173), thus the geographical differences with respect to wrist fractures

seem to differ from variation of hip fracture incidence.

in defined populations

Figure 7. Incidence of distal forearm fractures among women
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Figure 8. Incidence of distal forearm fractures among men
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The incidence of proximal humerus fractures among women was lower in Malmg
(1950s), Leicestershire (1980-82), Oxford and Dundee (1954-58) (5, 9, 27) than in
Tromsg, while later in Malmg (1965-69 and 1980s) and Hvidovre (1976-84) (9, 35, 39)

the incidence was similar to the one found in Tromsg (figure 9).

Figure 9. Incidence of proximal humerus among women

in defined populations
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Among men, the incidence of fractures in the proximal humerus was higher in Tromsg
1988-95 than in Rochester, USA (1965-74), Malmg (1965-69), Leicestershire (1980-
82), Dundee and Oxford (1954-58) (5, 27, 34, 35), but similar to later incidence numbers
from Malmg (1981-81) (15) (figure 10). The studies from Malmg (9, 15, 35) suggest a
substantial increase in the incidence of proximal humerus fractures from 1950 to 1980,
thus the incidence of proximal humerus fractures in Tromsg is probably similar to other

places in Scandinavia when numbers refer to the same time period.
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Figure 10. Insidence of proximal humerus fractures among men
in defined populations
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Among women, the incidence of ankle fractures was higher in Tromsg 1988-95 than

anywhere else (5, 9, 17), except in Rochester (1979-80) (174) (figure 11).

Figure 11. Incidence of ankle fracture among women

in defined populations
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Among men 60-69 years of age, the incidence of ankle fractures in Tromsg 1988-95 was

higher than in earlier studies from Malmg (1950s and 1980s), Rochester (1979-81) and
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UK (1954-58) (5, 9, 17, 174), and in the age group 30-39, it was similar to the incidence

in Rochester (1979-81) (174), but higher than the others (5, 9, 17) (figure 12).
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Among men 40-59 years of age, the incidence of ankle fractures was similar in Tromsg
1988-95 as in the other places mentioned (5, 9, 17, 174).

The number of hip fractures in the present study population is small, as the
population is young in terms of hip fracture incidence. Thus, comparison with other
studies is futile, - but earlier studies suggest that the incidence of hip fractures in this area
is substantially lower than in Oslo, both among women and men (42). This is probably
due to an extraordinary high incidence of hip fractures in Oslo, compared to both other

parts of Norway and compared to other countries (42, 48, 173, 175, 176).
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Trauma mechanism

It has been shown repeatedly in large studies that bone mass decreases with age.
Consequently, a trauma sufficient to cause a fracture should be less with increasing age,
and the proportion of low-energetic fractures should increase with age for all fractures
for both genders. In our study, this was the case with respect to all fractures, ankle
fractures and fractures in the lower extremities among women, while the proportion of
low-energetic fractures was constant across ages for wrist {table 2 and paper 1I). This is
surprising, as ankle fractures have not been found to be associated with low bone mass
in contrast to wrist fractures (177). Among men, the pattern was similar as among
women, although without statistically significant results (table 2). A possible
explanation for these findings, is that other factors than bone mass are as important
among middie aged persons with respect to fracture risk. Another possible explanation
is that fractures after high-energy traumas also are dependent on bone mass (178).

In our population, we also see that low-energetic fractures are more common
among women than men. This might reflect both stronger bones and lower incidence of
low-energy traumas among men. The incidence of low-energetic fractures at almost all
sites increased steeply with age in our female population already from the age of 30
years. A similar pattern was not found among men, even if they also lose bone at a
similar rate (50). This suggests either that the incidence of moderate traumas has a
slower increase with age among men than women, or that these traumas do not result in
fractures among men until old age. As the incidence of falls has been found to increase
steeper with age among men than women (179, 180), the latter explanation seems most
probable.

According to the “traditional” way of assessing “osteoporotic fractures”, low-

energetic fractures are likely to be prevented by higher bone mass or better bone quality.
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Thus, the proportion of fractures that are low-energetic should give information on how
many fractures that might be prevented by maintaining or increasing bone mass. We
have found that even among women as young as 60 to 66 years, above 80 % of all
fractures are low-energetic. This 1s a surprisingly high number, given the fact that only
75 % of hip fractures among middle aged persons are low-energetic (111) and 44 % of
ankle fractures among young and middie aged persons are low-energetic (174).
However, above 90 % of wrist fractures were found to be low-energetic in a North-
American population (35 years and above) (134), supporting the interaction between

fracture location and trauma mechanism in our population.

Implications

Researchers 1n Malme, Sweden have previously demonstrated that search in a
department of radiology may be a good method of fracture registration (9). We have
shown that a similar method in our local hospital is superior to any other fracture
registration method, and that the method is viable with respect to all non-vertebral
fractures. We have shown that this fracture registration method also is viable in follow
up studies, where the fractures must be assigned to known persons, The Tromse
population has been surveyed several times, the last time also with respect to factors
with a known or possible association to osteoporosis (for instance measured bone
mineral density, balance, muscle strength). The development of a good method of
fracture registration with a solid validation in this population establishes a necessary
basis for further fracture research in Tromse, and the registration method may simplify
fracture research elsewhere.

The implication of the results in paper II-IV is mostly a deeper understanding of
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the epidemic of fractures. For instance, it seems that fractures may be a consequence of
a high standard of living, which has increased average stature. Physical activity does
affect the incidence of fractures, but the net effect is not in itself a strong enough
argument to promote physical activity. In contrast, the findings on alcohol and tobacco
consumption may be an argument against alcohol-intoxication, high total alcohol
consumption and tobacco smoking. To most people, both inside and outside of the
medical community, the term osteoporosis is associated with a mental image of little old
ladies getting shorter as they get older. In paper V, we have shown that this simple
approach 1s not good enough as a clinical test in general practise among middle aged

persons.

Further research

The great majority of studies on osteoporosis have had bone mass or bone
mineral density as outcome variable. These measures are associated with fractures, but
not strongly. And factors that influence bone mineral density do not necessarily affect
fracture incidence. Another surrogate endpoint for fracture is falls. Studies on actiology,
risk factors for falls (especially injurious falls), and studies on how to prevent them are
few and mostly focused on the elderly (129, 181). Thus, studies on risk factors and
prevention of injurious falls and traumas, espectally among middle aged persons, are
needed, However, studies on fractures are preferable when making inferences to fracture
incidence. Most studies on fr-actures have focused on hip fractures among elderly
women, and many of the studies have been case-control studies. The epidemic of
osteoporosis seems to include men, and it also includes fractures at any other site than

the hip (9, 15-21, 23.26, 41, 182). Other fractures than hip fractures generally occur
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earlier in life than hip fractures, thus they disrupt patients working capacity and they
also bring suffering and costs (183). Hence, more large follow up studies on fractures at
other sites than the hip are needed, especially among middle-aged persons and especially
among men. It is relevant to identify both treatable and non-treatable risk factors in
order to find persons at high risk, and then know what advice and treatment to give

them.

Research on treatment

The main topic for further research on osteoporosis according to the most recent
large consensus, is studies on medical treatment alternatives (14). The drug of choice
among women until recently has been oestrogen replacement therapy (14, 184, 185).
The consensus on this has been based on observational studies indicating that hormonal
therapy lowers the risk of fractures. Moreover, blinded randomised clinical trials have
shown that ocstrogen reduces the age related loss of bone mass, and one little blinded
randomised clinical trial has demonstrated reduction of vertebral fracture incidence
among oestrogen users (70). A consensus baéed on a similarly somewhat weak
documentation has existed with respect to the preventive effect of oestrogen on
cardiovascular disease, although the consensus has not been unanimous and without
reservations {14, 186). A recent large double blind clinical trial did not find any
preventive effect of hormonal replacement therapy, neither with respect to
cardiovascular disease nor with respect to fractures (1‘87). These results call for new
ideas and reassessment of present recommendations with respect to advice given to
postmenopausal women. The expectations to presently ongoing trials on hormone
replacement therapy and oestrogen analogs have diminished after this disturbing study,

despite promising preliminary results, both with respect to reduction of fracture risk
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(presented by Ettinger B, at the annual meeting of the European Congress on
Osteoporosis in Berlin september 98) and with respect to reduction of breast cancer risk
{presented by Cummings S, at the annual mecting of the American Society of Clinical
Oncology in may, 1998). In contrast, bisphosphonates have a documented effect of
fracture prevention among elderly women with low bone mass, but not among other
women, and not among men (188-190). Calcitonin also reduces the risk of vertebral
fracture, although with seemingly less effect than bisphosphonates (191, 192). The
effect of Calcium and vitamin D additives has been debated, but they seem to reduce
fractures risk among the oldest persons (76, 193). Moreover, supplement of calcium
seems to be necessary 1n order to obtain an effect of other medication against bone loss
(194).

As money, promotion and interest has been focused on medical prevention of
osteoporosis and fractures, less attention has been paid to other approaches. However,
community based interventions - e.g. Information on removal of environmental hazards
in homes, promotion of use of safe footwear outdoors in winter etc., seem to reduce the
incidence of both hip fractures (195) and other fractures (196). In institutions, hip
protectors also seem to be a viable preventive measure of hip fractures (197-202). Thus,

non-drug preventive measures exist, and they need further exploration.
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Conclusions

In this large and population baséd follow up study among middle aged persons, we have
found that search in local radiographic archives by computer linkage is a viable fracture
registration method. We have found that the incidence of all fractures is high in Tromss,
and that the incidence of fractures in wrist, ankle, proximal humerus is comparable to
results from other recent Scandinavian studies. The proportion of fractures that were
low-energetic was higher among women than men in our study, and this proportion
increased with age among women. The incidence of fractures increased with age at all
fracture sites (except ankle fractures) among women, but not among men. Physical
activity was a risk factor for fractures in the weight-bearing skeleton, but not in the non
weight-bearing skeleton. High body height seemed to be a weak risk factor for any
fracture. Thus, differences in average body height may explain regional differences and
time trends with respect to all fractures, as suggested with respect to hip fractures. Low
body mass index was a risk factor for any fracture, although too weak to have any
clinical significance. Frequency of inebriation and consumption of spirits and beer was
positively associated with the incidence of fractures, especially fractures in the lower
extremities. Accumulated exposition to tobacco smoking was positively associated with
the incidence of fractures, most among men, especially unemployed men. In this
population, earlier loss of body height could not be used as a screening tool for

subsequent fractures.
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Errata

During the comparison of the different fracture registration methods, a wrong coding of
hip fractures suffered in 1995 was revealed. Consequently, 9 hip fractures were analysed
as pelvis fractures in paper I and HI. In principle, this should not lead to bias in the
analyses on hip fractures, but power is decreased. The analyses have been repeated with
correct classification, and the changes are as follows:

Paper I1:

Table 1, persons with hip fracture are 18 men and 23 women, of which 67.7% and
73.9% were low-energetic respectively.

Table 5: When hip fractures suffered in 1995 is included, RR is 1.082 (p=0.08), and
attributable risk to height increase from 1952 and 1900 1s 25 % and 54 % respectively.
Text page 3, paragraph 3, line 4: Hip fractures should be left out in this sentence, as the
association to stature became borderline significant in the new analysis (p=0.07). Text
page five, second paragraph, line 4: ((RR 0.72, CI1 0.46-1.13), age adjusted per unit BMI
increase).

Paper I11:

Table 2, persons with hip fractures were 26 men and 30 women, of which 19 (73.1%)
and 23 (76.7%) were low-energetic respectively. Cumulative incidence was 0.3%

among men and 0.4 among women. No changes in text.
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Abstract

In order to compare different methods of fracture registration, we sought all non-
vertebral fractures suffered during eight years (1988-1995) among 21,441 persons
invited to a survey in 1979/80. We registered hip fractures through three separate
sources (seif-report, discharge register, computer linkage to the local radiographic
archives), whereas forearm fractures were sought through two separate sources (self-
report, computer linkage to the radiographic archives). The registration of fractures at
other sites were from one source (computer linkage to the local radiographic archives),
and we have compared three ways of obtaining data from this single source (no
ascerlainment, ascertainment of records coded as fracture, ascertainment of all records).
Ninety-three percent of all hip fractures and 97% of all wrist fractures in the entire study
population were found by computer linkage to the radiographic archives, and the
discharge register detected 87% of all the hip fractures. Computer linkage wit_h
ascertainment gave no overreporting of fractures. Among the 11,626 persons that
answered a follow up questionnaire in 1994/95, 97% (C1 84-100%) of all hip fractures
and 85% (CI 80-90%) of all wrist fractures were self-reported. We conclude that

computerized search in radiographic archives is a viable method of fracture registration.

Keywords: epidemiological methods; fractures; questionnaires; data collection, follow-

up studies; recall
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In epidemiclogical studies, misclassification is a ubiquitous problem with respect to
both disease and exposure. Misclassification of outcome that is dependent on the
exposure of interest (differential misclassification) leads to bias of unknown direction
and magnitude, while non-differential misclassification in most cases leads to
underestimation of effects (1). Thus, correct classification is necessary to get valid

resuis.

Previous studies on the topic of agreement between questionnaires and medical records
in the ascertainment of endpoints are few and have mostly focused on other diseases
and exposures than fractures. They demonstrate that the agreement is dependent on
nature of endpoint (2). In studies on fractures, the registration of outcome can be done
in several different ways. Surveillance of medical records in nearby hospitals has been
used in some large follow-up studies (3-6), while others have registered fractures by
either self-reports only (7-10), self-reports complemented with review of medical
records or radiographic reports (11, 12), or computerized registers (13, 14). The latter
method might give misclassification if a fracture is overseen or if the same fracture has
been registered several times due to rehospitalizations or transferals. Coding and
punching errors could also lead to misclassification. Self-reports may give
misclassification, and differently so for different fractures: Recall of fractures with
major consequences (operated, mutilating, and debilitating) is possibly better than recall
of fractures of fingers and toes. Furthermore, self-reports do not always correspond to
medical records with respect to diagnosis or date of event. Surveillance in hospitals
serving the study population might lead to underreporting, because of fractures suffered

elsewhere.
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The objective of this study was to compare different methods of fracture registration
during eight years of follow-up in a large population-based cohort study. We have
registered hip fractures through three separate sources (self-report, discharge register,
computer linkage to the local radiographic archives), and we compare each of the
methods to all hip fractures found by any of the methods. With respect to forearm
fractures, we have a similar approach, as they also were registered through separate
sources (self-report, computer linkage to the local radiographic archives). The
registration of fractures at other sites were from only one source (computer linkage to
the radiographic archives), and we have compared three methods of obtaining data from
this single source (no ascertainment, ascertainment of records coded as fracture,
ascertainment of all records). Thus, altogethér five different ways of obtaining fracture

data were compared.

MATERIALS AND METHODS

Subjects

The Tromse study is based on information gathered through population surveys in 1974,
1979/80, 1986/87 and 1994/95 (15). In 1979/80, all males born 1925-59 and all females
born 1930-59 were invited to the survey (21,329 persons), in addition 112 attended
without an invitation (they became residents during the survey). These 21,441 persons

constitute the study population in which fractures were registered from 1938 to 1995.

Treatment facilities for fractures in the study population

All fractures suffered by persons in the cohort are registered at the University Hospital
in Tromsg. The nearest alternative radiographic service or fracture treatment facility is

located at a distance of 250 km from Tromse. The only fractures that could be missed at
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the University Hospital would be fractures occurring while inhabitants were traveling

and no control radiographic examination was done after returning home.

Ascertainment methods for suffered fractures

Fractures were sought for by all five methods in the follow-up pertod of January 1, 1988
through December 31, 1995, We have counted both fractures and number of persons
with different fractures in this study.

Computer linkage with discharge register. In all Norwegian hospitals, information

including ICD-code diagnosis on every hospitalization is registered in a computerized
discharge register. We have registered all discharges from the University Hospital in
Tromse with the diagnosis hip fracture (YCD 9-code 820) occurring in the population
cohort during the follow-up period.

Computer linkace with department of radiclogy database and no further ascertainment

procedures, The computerized records in the radiographic archives contain codes for
location, pathology (fracture, degeneration etc.), further description (operated, control,
replaced etc.) and development (progression, regression) in addition to the national
personal identification number and time of investigation. Ninety percent of the
radiographic reports in our radiographic archives have the national personal
identification number recorded. The last 10 percent of records were registered with
name and date of birth only. All records with a fracture code and a personal
identification number or with name and date of birth matching a person from our cohort
were registered. We registered both number of persons with one or more fractures, and
total number of fractures, excluding a new fracture registration at same site within one
year of a previous registration. All non-vertebral fractures were included in this

registration.
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Computer linkage with department of radiclogy database with ascertainment procedures

of examinations coded as fracture. Computer linkage was done as described above. In

addition, every examination that had been given a fracture code was retrieved. The full
text description was then reviewed and records that did not represent incident fractures
were removed.

Computer linkage with department of radiology databasc with ascertainment procedures

of all examinations. Computer linkage was done as described above. At this Ievel of

ascertainment, all records with a non-normal code (i.e. with any pathology, n = 12 509},
which also had a personal identification number matching a person from our cohort,
were retrieved and reviewed by the first author. No additional fractures were found
when also reviewing a random sample of 1,044 descriptions coded as normal/no
pathology. All non-vertebral fractures were included in this registration.

Self-reports, Questions on the last suffered hip and wrist/forearm fracture and the age at
which they were suffered, were asked in a questionnaire handed out to the attendees of
the 1994/95 survey. Of the 21,441 persons in our study cohort, 14,808 were invited to
this survey (6,633 had migrated or died), of which 12,807 (86 percent) attended, and
11,626 of these answered and returned the questionnaire. We registered all persons with

self-reported hip and forearm fractures in the follow-up period.

Validation of fracture registration

To validate the registration at the department of radiology, we checked all patients (n =
550) with ICD-diagnoses 813, 820 or 824 (wrist, ankle or hip fracture) during 1994 at
surgical departments and surgical outpatients’clinics at the University Hospital. Of
these, only one had been missed by the radiographic archive {medical record states that

radiographic film was given to patient without radiologists’ assessment). From our
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cohort we also chose a random sample of 1,000 persons and checked the actual
envelopes containing radiographic films, referrals and full text descriptions. We found
68 fractures, of which one had not been picked up by the review of radiographic
descriptions. Previously we had only reviewed referrals and full text descriptions stored

on microfilm.

Statistical analysis

In the analyses, the confidence intervals have been calculated according to exact

binomial distribution. All confidence intervals (CI) have 95 percent limits.

RESULTS

Hip fractures

Underreporting. Among the 21,441 persons in the study population, a total of 54

persons had suffered a hip fracture before the last survey. (All hip fractures found by
any of the three sources, all fractures were confirmed by radiographic report). Of the 54
hip fracture cases, the discharge register detected 47, computerized search with full
ascertainment detected 50, computerized search with some or no ascertainment detected
44 and self-report by questionnaire detected 32 cases (figure 1). Among persons that
answered the questionnaire in 1994/95 there were 33 hip fractures, of which 32 (97
percent, CI 84-100) were self-reported (one denied any hip fracture). Two of the
persons with self-reported hip fracture did not report at what age they suffered the
fracture. Four of the persons with hip fracture did not attend any of the surveys.
Overreporting. Overreporting in percentage of all persons with hip fractures 1s presented
in figure 2. The following text counts number of fractures as well as number of persons

with fractures.
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Discharge register: Of 52 discharges with diagnosis of hip fracture, 5 registrations (10
percent, CI 3-21 percent) did not represent an incident hip fracture, identifying 2
persons without a hip fracture, which corresponds to 4 % of all hip fracture cases (figure
2). Two registrations were established as no hip fracture (one pelvis fracture and one
complication to an earlier hip fracture) and three were rehospitalizations/transferrals
(time period between discharges 11, 14 and 369 days respectively).

Computer linkage: There was no overreporting in the computer linkage with some or
full ascertainment. In the computer linkage without ascertainment (but excluding
examinations of same site within one year), 15 of 59 (25 percent, CI 15-38 percent)
fracture records did not represent an incident hip fracture, erroneously identifying 13
persons as fracture patients, which corresponds to 24 percent of all the hip fracture
patients (figure 2). (There were 44 records identifying incident fractures among 44
persons).

Self-report: A total of 42 persons reported a hip fracture in the period from 1988 to
1995 (according to reported age at time of fracture). Of these 42 repotts, 11 were
erroneous (26 percent CI 14-42 percent), which corresponds to 20 percent of all the hip
fracture patients (figure 2). Seven were fractures of the shaft of femur, one had had a
hip replacement without any preceding fracture, two denied any hip or femoral fracture
when interviewed by telephone, and one fracture was suffered shortly before the follow
up (date according to radiographic report). One self-reported hip fracture could neither
be confirmed nor falsified, thus, 30 of the 42 self-reported hip fractures could be
verified. In addition, 2 verified hip fractures were self-reported, but with no report on
age by fracture. All the 30 hip fractures where reported within 3 years of the

corresponding registered fractures.
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Forearm fractures

Underreporting. A total of 294 persons had suffered a wrist fracture among the 21,441

persons before the last survey (291 confirmed by radiographic report and 3 by telephone
interview after self-report). The computer linkage with full ascertainment detected 285,
the computer linkage with some or no ascertainment detected 277 and the self-report
detected 188 of these wrist fracture cases (figure 1). Fourteen of the persons with wrist
fracture had not attended any of the surveys.

Among the persons that actually answered and returned the questionnaire in 1994/95,
there were 220 wrist fractures. Of these, 188 (85 percent CI 80-90 percent) were
reported, but 22 of the fracture patients had not reported the age at which the fracture
was suffered. (Seventeen attendants denied such a fracture, five did not reply on that
specific question, and 10 attendees reported a fracture occurring seven to 41 years
before the registered fracture).

Overreporting. Overreporting in percentage of all persons with forearm fractures is
presented in figure 2. The following text counts number of fractures as well as number
of persons with fractures.

Computer linkage: There was no overreporting of fractures in the computer linkage with
some or full ascertainment. In the computer linkage with no ascertainment, 33 of 316
(10 percent, CI 7-14 percent) wrist fracture records did not represent an incident
fracture, identifying 23 persons without a wrist fracture, which corresponds to 8 percent
of all the wrist fracture patients in the population (figure2). (There were 283 records
with incident fractures among 277 persons).

Self-report: Of 243 self-reported wrist/forearm fractures, 37 (15 percent, CI 11-20
percent) were erroneously reported with respect to fracture status or time of event,

which corresponds to 13 percent of all the wrist fracture patients in the population
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(figure 2). Twenty-three reports (9 percent, CI 6-14 percent) were established as no
wrist/forearm fracture (15 persons had a negative radiographic report of the forearm at
the time of the alleged fracture, five had a fracture in the upper arm and three denied
any forearm fracture when interviewed by telephone). Fourteen fractures were
misclassified with respect to age at fracture: Three persons reported year of fracture
instead of age at fracture {confirmed by telephone interview, the reported age at fracture
corresponded to a date in the futurc) and 11 fractures were reported in the follow up
period, but had actually occurred before the follow up period (according to radiographic

reports).

Other non-vertebral fractures

Underreporting. Among the 21,441 persons that were invited to or attended the survey

in 1979/80, 1,478 non-vertebral fractures were found by computer linkage to the local
radiographic archives with full ascertainment. Of these, 1,405 (95 percent CI 94-96
percent) had a fracture code, thus, they were found by the computer linkage without full
ascertainment. When counting persons with fracture(s) instead of number of fractures,
94 percent of fracture patients were identified through the computer hinkage that
included only records with a fracture code (table 1). At most fracture sites the detection
rate was above 90 percent.

Overreporting. The computer linkage with some or full ascertainment of records coded
as fracture did not give any overreporting. The computer linkage without ascertainment
(when excluding fractures at same site within one year) found 1754 alleged fractures of
which 356 (20 percent, CI 18-22 percent) did not represent incident fractures. The

alleged fractures were among 1346 persons, of whom 118 did not have any verifted
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fracture and 164 had both correctly registered fractures and records erroneousty coded

as an incident fracture (table 2).

DISCUSSION

We have shown that radiologists code almost all fractures correctly. Thus, computerized
records of fractures in a department of radiology can effectively register fractures in a
large population. Discharge registers of hip fractures detect 9 out of ten hip fracture
patients, but due to rehospitalizations and transferrals, multiple registrations are
frequent. Self-report detects less than two thirds of all hip and wrist fractures, mostly
due to loss to follow up. Among attendees, 85 percent of forearm fractures and 97
percent of hip fractures were reported. Self-report and computerized search gives

overreporting, and should be complemented with ascertainment of cases.

Underreporting by self-reports

When referring to the entire study population, above one third of both wrist and
hip fracture cases were not detected by self-report. In this population, there was
exposure information from at least one survey among all the fracture cases, except for
18 persons (S percent of the cases). Thus, self-report as a fracture registration method
(even when confirmed by radiographic reports) is very vulnerable to loss to follow up,
and choosing this registration method may increase the potential for selection bias and
decrease power.

When comparing self-report of fractures to other registration methods among
attendees that actually answered the questionnaire, detection of fractures was almost

complete with respect to hip fractures, while more than one of ten forearm fractures
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were not reported in a questionnaire. Earlier studies on this subject have given
ambiguous results: Paganini-Hill et al. (16) compared self-reported hip fractures to
discharge diagnoses from local hospitals in a large population twice (N1=9,734 and
N2=8,884) and found that 11 and 24 percent of registered hip fractures were not
reported. However, the use of discharge diagnoses was not validated, thus the gold
standard is somewhat questionable. Huang et al. (5) found that 29 of 130 verified hip
fractures in a large population (N=2,513) were not reported. This might be the result of
loss to follow up rather than erroncous self-report, because information about loss to
follow up was not given. Another paper from the same study population restricted to
those with 100 percent follow up, found that only two of 84 women with confirmed hip
fracture did not report it (sensitivity 98 percent CI 92-100 percent) (6). This is 1n accord
with our results. Another study reviewed 283 medical charts out of 9,704 respondents,
without finding any false negatives (17). This suggests 100 percent sensitivity, but due
to the limited sample size, the confidence interval must be rather wide: However, their
self-reports were results of extensive follow up with repeated questionnaires and several
calls, making 100 percent sensitivity credible. In short, our high sensitivity of self-report
of hip fractures among attendees is credible according to the few earlier studies on the
subject. With respect to other fractures, a Finnish study found that only 77 percent of all
fractures were reported, suggesting more underreporting of other fractures than of hip or
forearm fractures (18). According to our results on underreporting, case finding in
studies on forearm fractures should be based on more than self-report in a questionnaire,
while seif-report of hip fractures is a sufficiently sensitive method for research in cross-
sectional studies (no loss to follow up). However, self-report as case-finding method is
vulnerable to misclassification/no classification of date of event, increasing the potential

for bias.
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Overreporting by self-reports
One out of four self-reported hip fractures was established as no hip fracture. This is
surprising, as earlier studies have found fewer false positive self reports: Nevitt et al.
(17) found 11 percent (CI 5-19 percent), and Paganini-Hill et al. (16) found 7 percent
(CI 3-13 percent) and 9 percent (CI 4-18 percent) false positive among self-reported hip
fractures in two different questionnaires respectively. However, Farmer et al. (6) found
34 percent (CI 27-42 percent) false positive self-reported hip fractures among US
residents. The explanation for the different resuits might be due to the regular calls
supplementing the guestionnaires in the first study, and the fact that the population in
the second study was mostly well educated, while the last study was based on a random
sample of the US population. Among the eleven persons erroneously reporting a hip
fracture in our population, seven had suffered a fracture in the shaft of femur, and one
person had misreported time of event. If defining this as correct reports, only 3 of 42
self-reported hip fractures were erroncous. Qur percentage of false positive self-reported
wrist/forearm fractures was similar to earlier results (17, 18), verifying the size of this
problem, although the result would possibly be different when restricting the question to
wrist fractures only. Our results show that self-reported fractures must be accompanted

by radiographic verification to give a valid registration of fractures.

Comparison of the different registration methods

Our results suggest that computer linkage to a database at a department of radiology
supplemented with full ascertainment is superior to any of the other fracture registration
methods. Even when ascertaining only examinations coded as fractures, this method 1s

very good, implying that this local radiographic archive was complete and accurate.
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Computer linkage to a person-identifiable discharge register was almost complete with
respect to hip fractures, and combining the two computer linkage methods yields 100
percent sensilivity with respect to hup fractures.

In the computerized linkage with full ascertainment, we did not review records
without a full personal identification number and without a fracture code. However, the
comparisons between computer linkage with no, some or full ascertainment did not
change when including only records with full personal 1dentification number. (That
means leaving 23 persons found with fractures among the records without a full

personal identification number out of the comparisons).

Use of computerized records

The geographic distance to the next service of radiographic examinations was very far
in our population. Thus, our results on the sensitivity of fracture registration using only
local registers could hardly become better in any population, and using one local
register is probably suitable only in special settings as ours. However, computerized
search in several hospitals serving the same population should be possible. Earlier
studies have mostly based medical information on medical records or discharge
diagnosis. With respect to fractures, this is an indirect route, as the verification of
fractures is radiological, and all radiographic examinations are recorded in a separate
archive, When the radiographic archive is computerized, which now is mostly the case,
and there 1s a identifiable key to all persons, like social security number or a national
identification number, we have shown that the archive can be a strong tool in endpoint-
registration. A limiting factor is the coding by radiologists, that is, any fracture that is
not coded as fracture will be lost to follow up. Overreporting 1s less of a problem, as

text description and the corresponding films might verify the fracture codes, just as with
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self-reports. One earlier study has found that Medicare files might be used in case
finding according to acceptable specificity, although sensitivity of the method could not
be studied (19). (There is usually a trade off between sensitivity and specificity, hence
these results might be uncertain). We have shown that computer linkage to a
radiographic archive is much better than self-report by questionnaire with respect to
follow up studies. Even among attendees, computer linkage compares to self-report of
hip and forearm fractures. The self-report of fractures other than hip and forearm gives
overreporting (17), and sensitivity is possibly lower than for hip fractures. Moreover,
discharge diagnosis cannot be used, as few fracture patients {except hip fracture
patients) are hospitalized. Thus, computerized search in radiographic archives makes
research on fractures at all locations viable.

Applicability to other populations. Our results on computerized radiographic records are

good. However, this might be specific for this hospital, and for this department of
radiology, where an enthusiastic and competent doctor is in charge of the registration
(JS). In our department, all radiographic reports are checked against the national
registry with respect to national personal identification number as they are written, and
the staff has been thoroughly instructed with respect to codes and routines. However,
radiographic archives in gencral are dependent on reliability of their registry, not only
for research, but in order to function at a daily basis: Income for the hospital is based on
documented activity, and service to referring hospitals and doctors 1s dependent on
proper registration. Hence, we believe that our results might reflect the quality of any
well-functioning department of radiology. Using computerized radiographic records is
probably a cost-effective, sensitive and specific method of fracture registration for

research.
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TABLE 1. Number of persons with fractures found by computer hinkage to radiographic
archives in Tromse 1988-1995 among 21 441 residents.

Computer linkage

with ascertainment of

all records
Persons with

Computer linkage with no or some

Persons with

ascertainment

Fracture location fracture fracture % (95 % confidence interval)
All locations 1321 1247 94 (93- 96)
Ankle 198 191 96 (93- 99)
Hands and fingers 241 228 95 (91- 97)
Feet and toes 184 172 93 (89- 97)
Crus 67 67 100 (95- 100)
Proximal humerus 83 73 88 (79- 94)
Elbow 51 44 86 (74- 94}
Clavicle 37 36 97 (86~ 100)
Knee 42 4] 98 (87- 100)
Face 57 54 95 (85- 99)
Pelvis 36 21 58 {41- 75)
Other” 81 61 75 (65- 84)

* The category of other includes fractures in os coceyx, ribs, lower-arm (not wrist),

sternum, mandible, shaft of upper arm and shaft of fermur.

20
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TABLE 2. Overreporting by computer linkage without ascertainment
(no review of radiographic reports). Number of persons with fracture
records with no corresponding incident fracture in Tromse 1988-1995

among 21 441 residents.

Persons without

In % of number of persons
with incident fracture

Fracture location fracture (95 % confidence interval)
All locations 282* 21 (19-24)
Ankle 36 18 (13- 24)
Hands and fingers 22 9 (6-14)
Feet and toes 17 9 (6-14)
Crus 22 33 (22- 45)
Proximal humerus 13 16 (9-25)
Elbow 7 14 (6-26)
Clavicle 9 24 (12-41)
Knee 20 48 (32- 64)
Face 3 S (1-15)
Pelvis 25 69 (52- 84)
Other’ 50 62 (50-72)

Page 21

* Including persons without any fracture (n=118) and persons with erroneously
registered fractures in addition to any verified fractures (n=164).
¥ The category of other includes fractures in os coccyx, ribs, lower-arm (not wrist),
sternum, mandible, shaft of upper arm and shaft of femur.

21
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Abstract, Tall persons sufler more hip fractures than
shorter persons, and high body mass index is associated
with fewer hip and forearm fractures. We have studied
the association between body height, body mass index
and all non-vertebral Iractures in a large, prospective,

poputation-based study. The middle-aged population of

Tromse, Norway, was invited 1o surveys in 1979/80,
[986/87 and 1994/95 (The Tromsg Study). Of 16 676
invited to the first two surveys, 12 270 attended both
times (749%:). Height and weight were measured without
shoes at the surveys, and all non-verlebral fractures in
the period 1988-1995 were registered (922 persons with
fractures) and verified by radiography. The risk of a low-
cnergy fracture was found to be positively associated
with increasing body height and with decreasing body
mass index. Furthermore, men who had gained weight
had a fower risk of hip Fractures, and women who had
gained weight had a lower risk of fractures in the lower
extremitics. High body height is thus a risk factor for
[ractures, and | in 4 low-energy fractures among women
today might be ascribed to the increase in average stature
since the turn of the century. Low body mass index is
associated with a higher risk of fractures, but the
association is probably too weak to have any clinical
relevance in this age category.
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Introduction

In most of the western world, the incidence of hip
(ractures has Increased dramatically during the last
decades, even when adjusted for age {11 Studics on
fractuces at other locations are few, but they indicate a
similar pattern [2]. The exptanation for this development
is unknown, although a moere sedentary lifestyle is likely
to explain the increase at weight-bearing sites in part {3].
Average body height has also increased substantiatly
during the last decades: Norwegian army recriits are
approximately 10 cm taller today than 108 years ago [4],
and women are also taller [5}. As high body height is a
known risk factor for hip fractures [6-10], this increase
in height can possibly expiain seme of the increase in hip
fracture incidence. Similarly, height differences might
explain regional differences in hip fracture risk [11]. The
reasons we are taller today are probably a more optimal
diet and a better general standard of living: height is an
indicator of public health [F2,13] and is a sensitive
within-population marker of socio-cconomic status. If
body height is a risk factor not only for hip and forcarm
fractures [7-9,11,14-160], the increase in age-adjusted
fracture incidence may be due to a better standard of
living. This is contrary to the current focus on sedentary
lifestyle, smoking and other unhealthy habits,

Being lean has been considered healthy, mostly
because of a lower risk of cardiovascular discase | 18].
A low body mass index, however, is a risk [actor for hip
fractures among the elderly [6,9,10,19-24], and weight
gain has been shown to be protective [9,20]. One study
suggests, however, that any change in body weight is a
risk factor for hip fractures [25]. Distal radius fractures
have in one study been shown to be less Mrequent among
those with a high body mass index [9], but others have
found no statistically significant associations between
weight and distal forearm [17,26,27] or proximal
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humerus fractures |26]. We have studied the association
between non-vertebral fractures and height, body mass
index, and change in body mass index.

Materials and Methods
Subjects

Tromsg is a Norwegian city with 35 000 inhabitants, The
Tromsg Study is based on four populalion surveys in
L1974, 1979/80, 1986/87 and 1994/95, In this study we
have used information from the last three surveys. All
men born in 192559 and women born in 1930-59 were
invited to the sccond survey, the third survey also
included those born in 1960-66 [28]). OF 16 676 persons
invited to surveys IF and HI, §2 270 (74%) attended hoth,
Ten thouwsand four hundred and lorly-one (92.4%) of
those alive and still living in Tromsg attended the survey
in 1994/95. Foltow-up time was assigned from | January
1988 to date of fracture (Fiest fracture in the respective
category which is analysed) or to 3t December 1995,
Among the 12270 who atteaded, 972 had migrated or
died before the end of follow-up, and these were
assigned a folfow-up time to date of fracture or © 31
December 1991 (halfway through follow-up). Those
with invalid height/weight measurements (n = 173) were
excluded from the analyses, giving a (nal study
pepulation of 12097 persons.

Questionnaires and Measurements

The questionnaires have been described in detail
elsewhere {28,29]. They contained questions about
previous and current diseases, medication, diet, physical
activity, aleohol consumption, smoking and several other
parameters. Height and weight were measured once at
each survey. The subject wore light clothing without
shoes. Height was measured to the nearest centimetre
with a wall-mounted raler — a method that has been
shown (o be as precise as a stadiometer [30]. Height and/
or weight measurement was considered invalid in the
following instances: pregnancy, disablemens, refusal o
take shoes off, or refusal for any other reason. The
questicnnaire in the last survey (1994/938) included sell-
reported hip fractures and forearm fractures, and the age
at which they were suffered.

Fractures

Non-vertebral [ractures that had occurred in the study
poputation were sought in the radiographic archives of
the University Hospital by compuler Hnkage using the
1i-digit national personal identification number. Al
fractures suffered by persons in the cohort are registered
here, as the University Hospital is the only hospital in
Tromsg, and there is no other radiography service in the

437

city or within 250 km. The only exception to this woull
be fractures occurring while travelling with no control
radiograph  after returning home, The radiologists
describe the radiographic examination in full text, and
they assign a diagnostic code. To enswe complele
registration and to categorize the trauma mechanism as
fow-energy (fall from standing height, not a traffic
accident), pathological (tumour or metastasis) or high-
energy (fall from a height or traffic accident), we
checked all referrals and [ull text descriptions of
examinations with any pathology (» = 123509). We
found no additional [ractures when also checking
random sample of 1044 descriptions coded as normal,
There was complete |1-digit personal identification
number on 90% of radiographic examinations per-
formed. From the 10% without & complete number, we
selected those with registered fractures (hy code) in the
archives and scarched for themy in our cohort by date of
bitth, finding 23 additional persons with fractures (1.8%
of all persons with fracture).

Among the persons who attended surveys [ and (11,
922 had sulfered [048 fractures, of which 866 (82.69%)
could be classified according to trauma mechanism.

As a proxy lor vertebral fractures, we used change in
body height between survey [F (1986/87) and survey [V
(1994/95).

Validation of Fracture Registration

To validate the registration at the department of
radiclogy, we checked 550 patients registered in 1994
with fracture of hip, distal forearm or ankle at other
departments in the hospital in 1994, OF these, only one
had been missed by the radiography archive. From our
cohort we also chose a random sample of 1000 persons
and checked the actual envelopes in the archive, finding
08 fractures of which only one had not been identified by
our initial registration.

To further validate the recording of fractures, we
compared self-reported (in the survey in [1994/95) hip
and forearm [ractures in the follow-up period with
fractures found in the computer linkage. O 33 seif-
reported hip fractures, eight were crroneously reported
(24.2%3 (6 were fractures of the shalt of femur, | was
suffered before the [ollow-up period and | had had a hip
replacement without any preceding fracture). We had
recorded 23 of the 25 reporled fractures (92.0%). OF 202
self-reported forearm fractures, 26 were erroneously
reported (12,9%) (13 had a negative radiograph of the
forearm at the time of the alleged fracture, 10 had a
forcarm fracture before the follow-up period, 3 had a
fracture in the upper arm). We had recorded 166 of the
176 reported forearm fractures (94.3%).

Statistical Analysis

Our main independent variables were stature, body mass
index {weight divided by stature squared) and change in
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body mass index between the two surveys. In different
models we have used different fractures at different
tocations  as  dependent  variable. The independent
variables  have been analysed both as continuocus
variables and grouped into guartiles, To choose which
variables to adjust for, variables that might be associated
with statwre and/or weight, and that are known or
suspected risk Factors for fractures, were included one at
a time in a model with the variable of interest (height,
body mass index or change in body mass index) and age.
I the effect of stature, body mass index or change in
body mass index changed, the variable was included in
the final model. Possible interaction was checked by
including interaction ferms in the regression analyses
and by stratilied analyses. The data have been analysed
by %7, Mantel-Haentzel-y*, and Cox proportional-hazard
regression and multiple regression in SAS {31]. In the
analyses of the association between stature and body
height loss, stature was caleufated as the mean of the
height measurement in 1986/87 and 1994/95 in order o
avoid the effect of regression to the mean {32].

Results

The age of the study-population ranged rom 32 0 60
years for men (mean 48.7 years, SD 9.3) and from 32 to
61 years for women (mean 45.9 years, SD 7.8) in the
middle of the foliow-up period (31 December (991}
Among the 12097 subjects we found 922 persens with
1048 verified fractures, of which 048 (61.8%) were
categorized as low-energy {Table 1).

Stature and Fractures

Body height decreased with age among both men and
women {Table 2} Analyzed as & continuous variable,
stature i women was associated with a higher risk
(p<0.05) of all fractures, hip fractures and fractures in
the upper and lower extremities when adjusted for age,

R. M. Joakimsen et alb,

Among men, a similar trend was found for all fractures,
Persons in the top quartile of height had a relative risk of
1.3 (CT LO-1.7) among men and 1.4 (CE L 1-1.8) among
women when compared with those in the towest guartile
with respect to all fractures. The point estimates were
higher when only low-energy fractures were included in
the analyses (Table 3).

High body height was negatively associated with
height loss between 1936/87 and 1994/95 among both
men and women when analyzing both height loss and
stature as continuous variables and adjusting for age
(;p<0.001). Relative risk of height foss of 2 ¢cm or more
in height guartile 4 compared with guartile 1 adjusted for
age was 0.7 (0.5-0.9) among men and 0.9 (0.7-1.2)
among women,

Table 1. Number of persons who suffered a fracture in the period

from | Januay 1988 (0 31 December 1995 among those who atiended
surveys in 1979780 and 1986/87"

Men (n=6136) Women (1=5961)

Fracture focation Al Low-energy Al Low-cnergy
(5" (461"
Al Tractures 439 547 483 752
Upper extremities 243 551 296 807
Proximal humerus 20 654 33 848
Wrist 70 60.6 192 88.G
Hand fexeept lingers) 51490 20 600
Fingers 64 453 8 o607
Other sites 40 5235 33 036
Lower extremilics 186 53.2 191 639
Hip 2 50.0 200 754
Knee 6 500 1y 600
Ankle 3719 76 737
Foot (excepl loes) 48 39.6 4 525
Toes 17 353 27 519
Other siles 39 513 24 458
(nher sites 27407 I+ 7806

“Persons might have more than one fracture, hence the same person
might be found in several categories of lracture.

PFhe percentage of all fractures (including those for which the trauma
mechanism was unknown) classificd as fow-energy.

Table 2. Stature {average from the surveys in 1979/80 and 1986/87: cm). body mass index (B ke/m™) in 198G/87, change in BMI from 1979/80
o 1986/87, and change in stature from 198G/87 w 1994/95 necording to age group at 31 December (991

Age group Men Wonwn

{years) .
H Stature BMI BMIL Statwe It Stature Bl BvI Stature

(£ (S} change® change (SE) (SE) change® change
(5F) (SE) {SE) {SED

32-41 1550 178.2 (0.2) 243 (0.1 1.O (0.0 =01 (0.0 1900 648 () 224 (0.1 0.8 (0.0 0.1 (0.0

42..51 2266 17001y 250 (0.0) (.7 {0.0) 300y 248¢  1ed2 {0y 23.6(0.1) 1.0 (0.5 ~0.3 (0.0

52-61 1369 1758 (0.2) 254 (0.1 0.4 {0.0) -{.4 (0.0) 1575 162.3(0.2)y  24.7{0.10  3.7{0.H =07 (D)

62-66 731 174.9 (0.2) 253 .0 0.2 (0.1 .4 (0.1

» for tremxl » <0.001 p <0.001 p <0.001 p <0001 pn <0.001 p <0001 NS p <0001

Al 6130 1708 (0.0 25.0 (0. 0.6 ((.0) 0.3 (0.0 5961 163.9{0.1y  235¢0.1)  4.800 -0.3 (0.0)

SE, standard error of the mean.

*Correct number of persons with respeet to BV change s 6043 for men and 5810 for women, due to some missing data. With respect to stature
change, there were 5132 men and 5160 woren (only measured on these that alsoe attended in 1994/953,
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Table 3. Relative risk of low-energy [racture according to stature in quartiles among 12 097 persons attending surveys in 1979/80 and 1986/87
Men Women
Statare (¢n) Fracture RR RRY (93% Ch Stature (cm) Fracture RR RR* (93% ChH
Al Fractures < 172 ¢m 41 1.0 L0 < 160 86 1.0 1.0
172175 56 1.3 S  (1L0-23) 160163 90 i 1.2 {0.9-1.6)
F70--179 53 1.3 b4 (0921} 164167 83 il 1.2 {0.9-1.0)
2180 90 1.6 BT (-2 = 168 104 1.2 L6 {1.2-2.1)
Per em increase 1OZ (1.00-1.04) Per em increase EO3 {1.01-1.05)
Upper extremitics < 172 em 27 1.0 1.0 < 160 63 1.0 1.G
72175 3l 1.2 L (08-2.3) 166163 61 1.0 b 08-1.0)
1760--179 25 i1 0.9  @.5-1.0) 1641067 a6 1.0 Lo 0714
= 180 51 ) {4 {1923 =168 63 1.1 Ld (09419
Per em ingrease 1,01 {(0.98-1.03) Per em increase 1032 (LO0O-1.05)
Lower extremitics < 172 em i3 1.0 1.0 < 160 20 1.0 1.6
172175 23 1.9 LB (093 160163 31 1.7 17 (L3229
176179 27 1.9 2.2 (L1hy 164167 3t b4 1.8 I.(]----'3.2_)
= 180 36 1.9 20 (Hl-hy = 1068 40 1.8 250 (1543
Per cminerease 103 (099000 Per em inerease IS {)I 1.08)
Number of persons in stature-quartifes: Men: Q1. 1426 Q20 1307 Q30 1412 Q41991 Women: Q1. E555: Q2. 14362 Q30 [421; Q4. 1529,

*Adjusted for age.

Table d. Relative risk of low-energy fracture according to body mass index (BMI) in quartiles anong 12 097 persons attending surveys in 1979/
80 and 1986/87

Men Women

BMI (kg/im®) Fractire  RR RR* (95% CI) BV kg™ Fracture RR RR* (95% CI)
All [ractures < 230 60 1.6 1.0 < 21 77 1O 1.0

23.0-24.6 74 I L1 {0.8-1.5) 21.2-22.7 93 1.2 I {0815

24.7-20.7 3 0.8 0.8 {05-1.2) 228-25.0 102 1.2 0.9 {0713

#2208 49 0.8 0.8 {0312 =251 89 1A 0.8 (o1

Por kg/m™ increase 0.96 (0,92--1.001) e I\e/m ncrease 0.96 (0.93.-0.99)
Upper extremities < 23.0 38 1.0 1.0 < 201 51 1.0 1.0

23.0-24.6 43 [.2 L 071 20.2-22.7 63 1.3 L (07-1.0)

24.7-26.7 27 0.8 0.8 (05-1.2) 22.8-25.0 64 13 09 (0.6-1.2)

=268 20 .4 0.7 (0d-1.2) =251 61 1.2 0.8 (05-11

Per kg/m* increase 0.94 {0.89-1.01) Per kg/m™ increase 0.95 {(0.92-0.99)
Lower extremities < 23,0 21 XY 1.0 . 26 1.0 1.0

23.0-24.6 30 1O 1.0 (()‘6—1 5 229 30 1.0 10 (0.0-1.8)

207267 22 0.8 0.8 (04-1.4) 25.0 37 1.2 i {6-1.8)

=268 20 0.7 0.8 (0414 =251 24 1.1 0E 0514

Per kg/m™ incroase (.98 {0.92-1.00} Per kg/m*® increase 96 (0.91-1.02)

Number of persons in BMI quartiles: Men: QI 1349, Q2, 1562, Q3. 1518, Qa4 1307, Women: Q1. 1447, Q2, 1483, Q3. 1550 Q4, 1472,

a Adjusted for age.

The analyses on stature and [ractures and on statwree Body Mass Index and Fractures
and height loss did not change substantially after
adjustment for body mass index, occupational and
recreational physical activity, tobacco smoking, level
of education, coffee and mitk consumption, age at
menarche, menopausal status, number of children or use

of oestrogen (last four factors among women only),

Body mass index increased with age among hoth men
and women, while change in body mass index decreased
with age, especialty among men (Table 2). Analyzed as a
continuous variable, body mass index in women was
significantly {p <0.03) associated with a lower risk of all

although some of the results changed from just  fractures, fractures in upper extremities, wrist and hip
statistically significant (p = 0.03-0, 04} to borderline  when adjusted For age. Among men, the point estimates

significance (p = 0.05-0.08) when adjusted. There was
no interaction with the above-mentioned factors or with
age,

were similar, but they did not veach statistical
stgnificance. The association was stronger when includ-
ing only low-cnergy lractures (Table 4). When analyzing
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body mass index grouped into quartiles, none of the
single estimates was statistically significant, but the
trends were apparenl (Table 4). The analyses on body
mass index and fractures did not change substantiatly
after adjustment for stature, occupational and recrea-
tional physical activity, tobacco smoking, level of
education, coffee and milk ceonsumption, age at
menarche and menopause, number of children or use
of cestrogen {last four factors among women only), and
there was no ipteraction with the above-mentioned
factors or with age, although some ol the resuils changed
from just statistically significant {(p=0.03-0.04) 10
hordertine significance (p=0.05-0.08) when adjusted.
Change in body mass index wag not associated with
[ractures among men, except for a tower incidence ol hip
fractures (not only low-cnergy) among those whe had
gained weight (RR 0,69, C10.530-0.95, age adjusted per
unit BMI increase). Women who had increased their
body mass index had a lower risk of all low-energy

BMI increase) and of low-energy ractures in the lower
extremities (RR 0.88, C10.80-0.97, age adjusted per unit
BMI increase}, This did not change when adjusting for
change of habils with respect (o smoking and physical
activity. There was no nteraction with age.

Discussion

We have found that high stature and low body mass
index were risk factors for low-energy fractures among
widdle-aged men and women. Furthermore, men who
had gained weight had a lower risk of hip fractures, and

women who had gained weight had a lower risk of

fractures in the lower extremities.

Selection Bias, Information Bias and Confounding

The eligible study population does not include those who
had moved between the two surveys 1F and 1T (1979/80-
£O86/87), neither does it include students tempovarily
living in Tromsg. However, external validity should be
good, as all regular residents of a ‘nonnal” commenity
are in the eligible population. The potential for selection
bias in the study is not large, with more than 70% of the
eligible population included in the analyses.

There is probably some information bias in the study.
Height was measured to the nearest centimetre, and both
height and weight were measured only once at cach visit.
However, similar height measurements have been found
to be very reliable [33] Furthermore, any misclassifica-
tion is probably non-differential: there is no reason to
believe that height or weight was measured differently
according to future risk of fractures. Thus, if there is
misclassification, the relative risk estimates are under-
estimated,

We have checked the results for possible confounding
factors. We have not chesen which confounding factors

to include according to statistical significance of the

R. M. Joakhmsen et al.

factor because confounding is not dependent on sample
size. The selection of possible confounding factors might
be questioned, as some of the factors are onty suspected
risk factors for fractures. No factor apart from age,
however, twned out to confound the results substan-
tially, suggesting that there is an effect of stature and
body mass index on fracture risk, independent of other
factors. Furthermore, this effect is not modifted by age,
fifestyle or reproductive lactors.

Fractures Antributable to Time Trend of Stature

In this stucly cohort, women aged 32-61 years were on
average 2.5 cm shorter than women aged 32-41 years,
and men aged 62-66 years were on average 3.3 cm
shorter than men aged 32-41 years. This complies
closely  with official  statistics on  stature  among
Norwegian conscripts [4], and with results {from large
population  surveys on both women and men {35].
Calculated lrom the analyses on stature as a continuous
variable, and with estimates from Norwegian conscripts
on time trend ol stature (increase from 1900 was 9.9 cm
and from 1952 it was 3.7 em), | in 4 low-energy
fractures among women might be ascribed to the
increase  in average stature since 1900 (Table 35).
(Formuta: Attributable risk = (RR ~[)/RR, and RR =
(regression estimate)MeEht ineemsey,

Fable 5. Proportion of low-energy fractures among women in the
study cobort, that might be ascribed o increased stature in regent
decadles, calenlated from risk estimates in models with statwre as
continuous variable

Altributable
risk 1o height
increase from
1900 (%)

Attributabie
r1sk Lo height
mnerease from
1952 (%)

Fracture location RR per em,

age adjusted

Al [ractures 1024 10 25
Upper extremities |.024% 8 21
Wrist 101y 7 17
Lower extremities | .Od5#= 15 35
Ankle 1.031 1l 26
Hip G 34 67

o< 0050 < D01

Stature and Fractures

A considerable proportion of the present fow-energy
fractures might be ascribed to the presently higher
average stature than some decades ago, even though the
calculations must be considered with caution, as such
theoretical calculations always carry ungertaingy. The
proposed mechanism of the association between hip
fractures and height, has been that higher body height
gives more force in falls {34,35], moreover, height is
possibly a surrogate measute of geometric properties of
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the hip [11,36,371. A similar explanation is plausible for
the association ol height with other fractures: tall people
suffer more fractures because they fadl harder, and they
have longer bones giving longer moment arms for the
forces in the fall.

Body height is not a treatable risk factor, moreover
body height is a cotrelate ol standard of tving. Thus, our
findings have little practical clinical relevance, but they
can partly explain the epidemic ol osleoporotic [ractures
in recent decades: our lives have become so healthy that
we reach a higher body height potential, and hence
increase our risk ol fractures.

Body Muass Index and Fractures

We have found that women with a high body mass index
are at a somewhat lower risk of fow-energy [ractures
than fean women. The point estimates suggest the same
relation Tor men, without reaching statistical signili-
cance. Fhere is, however, no apparent threshold,
proposed ftor hip fractures [23], and the association
between body mass index and all fractures is weaker
than previously suggested for hip fractures [6,19,22,23].
Body mass may inlluence fracture risk in three dilTerent
ways: (1) energy on impact in a trawma is <lependent on
hody mass [34.35], (2} body mass is positively correlated
with bone mass [38], (3) and body mass is correlated
with the amount of soft tissue protecting the underlying
skeletal structures [34]. The last factor is probably
important at sites with substantial amounts of solt tissue
covering the skeleton, as at the hips 134, However, our
material included mostly fracture sites not covered with
much soft tissue {wrists, ankles, hands and feet), making
the association with bone mass the more likely
explanation.

There was no association between change in body
mass index and all fractures,
women. The weak ‘protective’ effect of weight gain with
respect to fractures in lower extremities among women
and hip fractures among men 18 coasistent with the
findings ol the study by Cummings et al. [20]. We did
not find that change in body mass index in any direction
increased the risk of fracture, as proposed with respect 1o

hip fractures [25], nor did we f[ind an increased risk of

non-vertebral fractures with weight loss, as recently
found among elderly women [39]. In cur study, we had
the statistical power to detect a relative risk of 1.5 with
respect to Forecarm fractures and 1.9 with respect to hip
fractures for cach sex separatcly. Due to this limited
power, our confidence intervals when doing subanalyses
on change in body mass index grouped as increase/no
change/decrease were wide. An effect of weight change
thus cannot be completely ruled out.

Our findings on body mass index and fractures do
have clinical relevance: the association between body
mass index and [ractures is so weak that any protective
effect of extra weight on fractures is probably lost in the
increased risk of cardiovascular disease and diabetes.
Thus, patients should still be advised to have a ‘normal

either 4mong men or

et

weight’, or they should at least avoid overweight,
accordding to present guidelines on the definition of a
healthy weight [40,4 11
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ABSTRACT

We have studied the relation of occupational and recreational physical activity to fractures at different locations.
All men born between 1925 and 1959 and all women born bebween 1930 and 1956 in the city of Tromsp were invited
to participate in surveys in 1979-1980 and 1956~1987 (The Tromsg Study). Of 16,676 invited persons, 12,270
(73.6%) attended both surveys. All nonvertebral fractures (n = 1433) sustained from 1988 to 1695 were registered
in the only hospital in the area. Average age in the middle of the follow-up period {December 31, 1991) was 47.3
vears among men and 45.1 years among women, ranging from 32 to 66 years, Fracture incidenee increased with
age at all locations among women, but it decreased with or was independent of age among men, Low-encrgetic
fractures constituted 74.4% of all fractures among women and 55.2% among men. YWhen stratifying by fracture
location, the most physically active persons among those 45 years or older suffered fewer fractures in the
weight-bearing skeleton (relative risk [RR]} 0.6, confidence interval [CI]) 0.4-0.9, age-adjusted), but not in the
non-weight-bearing skeleton (RR 1.0, CL 0.7-1.2, age-adjusted) compared with sedentary persons. The relative risk
of a low-energetic fracture in the weight-bearing skeleton among the most physicaliy active middle-aged vvas 0.3 {CI
0.1-0.7) among men and 0.9 (CI 0.4-1.8) among women compared with the sedentary when adjusted for age, body
mass index, body height, tobacco smoking, and alcohol and milk consumption. It seems that the heneficial efizct

on the skeleton of weight-bearing activity is reflected also in the incidence of fractures at different sites. (J Bone
Dliner Res 1998;13:11:49-1157)

INTRODUCTION

Oswsoyoaosxs axp osteororoTiC fractures have become
an epidemic in the industrialized world, and prospects
on the incidence of hip fractures suggest a further increase,
even if age-specific incidence is retained at the present
level.®" The knowledge of hip fracture etiology, epidemi-
ology, consequences, and costs is extensive, at least for
fractures occurring in women.®! Both crude and age-spe-
cific incidence of other fractures has also increased, and
they also involve high costs ) Apart from fractures of the
distal forearm and humerus, the knowledge about risk fac-
tors for other fractures is scarce. A more sedentary lifestyle

today than some decadzs ago is most often mentioned as a
reason for the rise in age-specific incidence of fractures.(®
High physical activity has been shown to be associated with
a lower incidence of hip fractures,t” while studies on phys-
ical activity and other fractures are few and have given
ambiguous resulis./8-4

A large number of studies focus on the positive relation-
ship between physical activity and bone mass.!' ' Many of
these indicate an effect on fracture incidence, overlooking
the fact that physical activity might affect fracture incidence
through other mechanisms than bone quality and quantity.
The purpose of this study was to examine the effect of
physical activity, both at work and in leisure time, and
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197980 ——  Survey I1: 21 329 invited, 16 621 anended
\ 4 653 migrated or died
Survey 1l 16 676 of the original cohort
invited, 13 779 attended (of which 12 270 ako
had attended suney 1)
1986/87 —3- d
1988 —— Registration of fractures initiated
S 1 868 migrated or died.
Survey V1 14 808 of original cohort invited,
12 807 zuended (of which 10 441 also had
»~ atiended survey H and i)
199495 1.
1993 - - End of ollow up.

F1G. 1. Flowehart for study-cohort including all men born
1925-1959 and ali women born 19301959 in the Tromso
population by 1979,

change of this activity on the incidence of fractures in
Tromsg, Nornway.

MATERIALS AND METHODS
Subjects

The Tromso study is based on information gathered
through population surveys in 1974, 19791950, 1956-1987,
and 1994-1995. We have used information from the last
three surveys, All males born 1925-1939 and all femalss
born 19301959 were invited to the surveys!!® (Fig. 1). The
16,676 persons invited to survey 1 and 11 constitute the
study population; 12,270 (73.6%) attended both surveys.
Among persons 45 years of age or older, 77.0% of the men
and 86.3% of the women had attended both surveys, Fol-
low-up time was assigned from January 1, 1988 to date of
fracture or to end of follow up (December 31, 1993), The
1868 persons who had migrated or dicd before survey 1V
were assigned follow-up time to date of fracture or to
December 31, 1991 (halfway through follow up).

Questionnaires and measurenents

The questionnaires have been deseribed elsewhere in
detail. "™ They included questions about diet, physical ac-
tivity in leisure time and at work (Table 1), alcohet con-
sumption, smoking, coffee and milk consumplicn, and sev-
eral other parameters. The questions on physical activity
have been shown to correlate both to physical fitness('$
and to cardiovascular risk factors.*% At the examination
height and weight were measured.

Fractures

Nenvertebral fractures that had occurred in the study
population were sought in the X-ray archives of the Uni-
versity Hospitel by computer linkage using the 11-digit

JOAKIMSEN ET AL,

Tapte 1. Questions Askeo AsolT PavsicaL ACHvITY 16
16,676 Persons InviTED 10 SURVEYS 1N 19791980 AxD
1986-1987 :

Physical activity in leisure time:

Exercise and physical exertion in leisure time, If
your activity varies much, for example between
summer and winter, then give an average, The
questions refer oaly to the last 12 monaths.

Tick the most appropriate box: Yes
Reading, watching TV, or other sedentary
activity? (31
Walking. cycling. or other forms of exercise at
least 4 h a week? (Including cycling to place
of work, Sunday walking, cte.) 32
Participation in recreational sports, heavy
sardening, ete.? {Note: duration of activity
al least 4 h a week)) a2
Participation in hard training or sports
compeiitions regularly several times a week? [ 4
Physical activity at work:
During the past year have vou had:
Tick the most appropriate box. Yes
Mostly sedentary work? (Office work,
watchmaker, light manual work). (1
Waork requiring & Jot of walking? {Shop
assistant, light industrial work, teaching.) 02
Work reguiring a lot of walking and lifting?
(Postman, heavy industrial work,
construction.) (33
Heavy manuat labor? (Forestry, heavy
farmwork, heavy consiruction.) 4

national personal identification number. All fractures suf-
fered by persons in the cohort are registered here, because
the University Hospital is the only hospital in Tromsg and
there is no other Xeray service in the city or within 250 km,
The only exception to this would be fractures occurring
while traveling with no control X-rav after returning home.
The radiologists deseribe the X-ray examination in full text,
and they assign a diagnostic code. To ensure complete
registration and to categorize the trauma mechanism as
tow-enesgetic (fall from same level, non-traffic accident),
patholegic (tumor or metastasis) or high-energetic (fall
from a height or traffic accident). we checked all referrals
and full text deseriptions of examinations with any pathol-
ogy (n = 12,509). We fourd no additional fractures when
2lso checking a random sample of 1044 descriptions coded
as normal.

There was complete 11-digit personal identification num-
ber on 90% of X-ray examinztions performed, From the
10% without a compicte number, we selected those with
registered fractures (by code) in the archives and searched
for them in our cohort by date of birth, finding 23 additional
persons with fraclures (1.8% of all persons with fracturc).
Among those invited to survey 11 and 111, it was possible to

code 1175 of a total of 1435 fractures (81.9%) according to
trauma mechanism.
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FiG. 2. Age distribution of study cohort by December 31, 1991 (halfway through foliow up).

Validation of fracture registration

To validate the registration at the Departmient of Radi-
clogy, we checked 330 patients registered in 1994 with
fracture of hip. distal forcarm, or ankle at other depart-
meats in the Hospital in 1994, OF these, only one had been
missed by the X-ray archive, Frem our cohort. we also
chose a random sample of 1000 persons and checked the
actual envelopes in the Neray archive, finding 63 fractures,
of which only 1 had not been identificd by our initial
registration,

To validate further the recording of fractures, we com-
parcd scif-reperted {in the survey in 1994-1993) hip and
forearm fractures in the follow-up period with fractures
found in the computer linkage. Of 33 seifereported hip
fractures, § were erroncously reported (24.292) (6 were
fraciures of the shaft of femur, 1 was suffered before the
follow-up period, and 1 had had a hip replacement without
any preceding fracture). We had recorded 23 of the 25
reported fractures (92.0%). Of 207 self-reported forearm
fractures, 26 were erroncously repocted (12.9%) (13 had a
negative X-ray of the forcarm at the time of the alleged
fracture, 10 had a forearm fracture before the follow-up
period, 3 had a fracture in the upper arm). We had re-
corded 166 of the 176 reported forearm fractures (94.3%).

Statistical analysis

The data was analyzed by ¥, Mantel-Haentzel ¥ and
Cox proporlional hazard regression analysis in SAS (SAS
Institute, Cary, NC, U.S.A).0% In several analyses, there
was interaction with age necessitating age-stratified presen-
tation of all results. Fraclures were grouped according to
location and according to weight-bearing site or not (pelvis,
hip, femur, kaee, leg, ankle, and feet except 10¢s vs. fingess,
hands, wrists, elbows, upper arms, clavicle, face, skull, ster-

num. toes, and os coceyx), The two highest categorics of
physical activity were merged except for physical activity at
work among men (Table 1). Change in physical activity was
defined as no change, increase, or decrease,

When scoring physical activity, the variables were added
and then grouped into approximate tertiles. The maximum
total score was 16 {leve! four in occupational and recre-
ational activity at both surveys), and the scores in the re-
spective terties were: 4-7, 8-9, and =9 for men 43 years or
older, and 4-6, 7-8, and >8 for women 45 years or older.
Scores were made in a similar way for physical activity in
leisure time, at work, all activity in 1979-1950, and all
activity in 19861987,

RESULTS
Fractures

The average age in the middle of the follow-up period
{December 31, 1991) was 47.3 (SD 9.5) years among men
and 43.1 (SD 8.0) years among women {Fig. 2). Among the
16,676 parsons invited to survey I1 and 111, 1258 persons had
suffercd a total of 1433 fractures. Cumulative incidence of
fractures was 7.36; among men and 7.8% among women
(Tablz 2). Among women, 74.4% of the first fractures that
occurred were low-encergetic, while the corresponding num-
ber among menwas 55.2 {p < 0,001). The gender difference
Wwas most proaounced in the upper extremities. The female/
male ratio was 1.1 for all fractures, tising to 1.4 when
including only low-energetic fractures. This ratio increased
significantly with age for nearly all locations, even for t7p-
cally “accidental” fracture sites, indicating that the inci-
dence of all fractures declined with age among men but
increased steeply with age among women {Table 3). In
women, the proportion of fractures that were low-energetic
increased statistically significantly with age with respect to



1s2 JOAKIMSEN ET AL,

TanLE 2, NumMBER oF PErsons with Dirrerent FrRACTURES AND CUMULATIVE INCIDENCES 6f FRACTURES SUFFERED FROM 1988~
1995 13 THe Comorr Wro Wers InviTED TO SURVEYS 15 19791980 axp 1956-1987 (n = 16,676)"

Men (n = 9012) Vomen (n = 7664)

Cumulative Cumalative
Persons with incidence Low-energetic  Persons with ircidence Low-energeric
Fracture location fracture {5%) Sractures (%) fraciire (%) fractures (%)
All fractures 661 13 365 (35.2) 597 1.8 4 (74.4)
upper extremities 348 3.9 192 (332 354 4.6 233 {79.9)
proximal humerus 38 0.4 25 (658) .39 0.3 33 (846)
wrist 95 11 62 (653) 233 2.9 195 (87.4)
hand 80 0.9 37 (463) 27 G4 15 (556)
finger 91 1.0 37 (40.7) 34 0.4 200 (388
lower extremities 266 3.2 136 (54.9) 243 iz 1561 {65.7)
hip 20 0.2 13 (6509 27 0. 21 (77.8)
ankle 97 L1 {71.1) 93 1.2 70 (737)

* Persons might have suffeced more than one fracture, hence the same pesson might be found in severa!
fractures at weight-bearing and non-weight-bearing sites add up to more than the total of

fracture at same she §s included.

all fractures (from 67.9% among those below 33 years of
age to 81.3% among those 53 years of age or older), frac-
tures in the weight-bearing skeleton, and ankle fractures
(from 50.0% among those below 35 yearsof age to §8.2%
among those 55 years of age or older). In men, this
proportion did not increase with age. High-energetic
fractures constituted 26.6% among men and 11,7%
among women,

Physical activity

Few persons practiced vigorous exercise regularly, and
few women had jobs involving heavy labor (Table 4).

Physical activity and fractures

The analyses on physical activity and fractures include
cnly persons that attended the surveys, Apart from a higher
incidence of fractures in fingers and toes (data not shown)
among the physically active, there was no apparent refation
between physical activity and fractures among persons un-
der the age of 45 years.

Among persons 43 years or older, there was no significant
association between physical activity and overall incidence
of fractures, apart from a lower incidence of all low-encr-
getic fractures among physically active men. However, when
stralifying by fracture location, 1979-1635 physical activity,
bothin leisure time and at work, was associated with a lower
incidence of low-energetic fractures in the weight-bearing
skeleton among men (Table 5). A similar relation was
found with respect to 19361937 physical activity at work
among women. Physical activity in leisure time in 1986
1987 was associated with a higher incidence of low-cnet-
getic fractures in the non-weight-bearing skeleton among

categories of fracture. Thus,
1238 persons with any fracture, Onrly first

men (Table 5). When including a1l fractures in the analyscs,
the point estimates were closer to one, but the pattern was
similar (data not shown).

There was no substantial difference between the effect of
a score for physical activity in leisure time and a score for
physical activity at work, with one exception: recreational,
but not eccupational, activity was associated with higher
incidence of fractures in fingers and toes among older men
(data not shown), .

When making a total score cut of physical activity, the
most active men 43 years or older had Jess low-energetic
fractures, especially in the weight-bearing skeleton, and
women 45 years or older had more low-energetic fractures
in the non-weight-bearing skeleton (Table 6}, Among
women 55 years or older, the most active women had lower
risk of fractures in the weight-bearing skeleton (RR me-
dium score 0.5 [0.2-1.0}, RR high score 0.6 [0.3-1.2), age
adjusted, compared with Jow score). Adjustment among
women for esirogen use, age at menarche, menopausal
status, and number of children did not change the esii-
mates. Menopausal status did rot modify the effect of
physical activity on fractures.

When analyzing on all “non-low-energetic” fractures (ja-
cluding fraciures that could not bz classified with respect to
trauma mechanism), the persons 43 years or older with
physically demanding work had more fractures at non-
weight-bearing sites, especially with respect to work in
1979-1980 among men (RR = 1.9 [1.1~3.3} and women
(RR = 2.1 [1.6-4.2]), most active vs. sedentary, age-adjust-
ed). The incidence of non-low-energetic fractures at
weight-bearing sites was not associated with physical
activity,

Change of physical activity was not associated with frac-
tures, neither with respect to recreational nor occupational
physical activity, Stratifying by physical activity in 1979-
1980 did not change this result.
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Taste 3. Nussen of Persovs wiTh DiFreRENT FRACTURES AND INCIDENCES OF FRACTURZS SUFFERED FROM 19881995 1 THE
' Cotort Who WERE INVITED TO SURVEYS v 19751980 axp 10861987

Men {n = 00]2)

Women (n = 7664)

FPersons  Person Persons  Person Female/male ratio
with  years at Incidence with  yearsat  Incidence (93% confidence
Fracture location fracture risk pr. 10" Pyar  fracture  pisk pr. 107 Pyar interval)*

All fractures
28-37 years 167 13,165 127 71 13,360 53 0.4 {0.3-0.6)
38-47 years 218 23,783 92 187 23,093 8l 0.9 (0.7-1.1)
45-57 years 160 17,150 93 233 15,458 165 1.8 {1.5-2.2)
53-65 years 93 9652 56 84 4039 208 2.2 (1.6-2.9)
66~70 years 23 1418 162 0 0

Non-weight-bearing
skeleton
28-37 years 107 13,332 80 44 13,447 33 0.4 {0.3-0.6)
3347 years 153 24,110 64 116 23,351 50 08 (G.6-1.0)
43-57 years 109 17,364 63 186 15,724 118 1.9 (1.5-2.4)
58-63 years 54 9798 55 61 4163 146 27 (1.8-3.8)
66-70 years 13 1471 88 0 0

Wrist :
28-37 years 17 13,601 13 14 13,538 10 0.8 (0.4-1.7)
3847 years 26 24,646 11 56 23,542 24 2.3 (1.4-3.6)
43-57 years 39 17,649 72 115 15,917 72 33 (3.3-47)
58-65 years 10 9963 10 38 4278 &9 8.8 (4.4-17.7)
66-70 years 3 1515 20 0 0

Hand
28-37 years 30 13,554 22 2 13,577 2 C.1 (0.0-0.3}
3847 years 32 24,604 13 13 23,693 6 0.4 (0.2-0.8)
43-57 years 8 17,712 5 7 16,324 4 0.9 {G.3-2.6)
53-65 years 9 §995 9 3 4471 1 1.2 (0.4-3.7)
66-70 years I 1521 7 0 0

Weight-bearing skeleton
28-37 years 67 13,466 50 29 13,487 22 0.4 {0.3-0.7)
38-47 years 77 24,366 32 78 23,466 33 1.1 (0.5-1.4)
48-57 years 55 17,520 31 78 16,053 49 1.5 (1.1-2.2)
58-65 years 43 9868 44 26 4341 60 . 14 (0.9-2.2)
66-70 years 11 1472 75 0 0 .

Relative risk of fracture among women compared with men stratified by age,
* All trends p < 0.001, tested by interaction term in Cox proportional hazard model with age as continuous variable. -

DISCUSSION

Many elderly are afraid to participate in physical activity
because they are afraid of falling and suffering fractures, '
This study suggests that among middle-aged people, the risk
of the most disabling fractures, Le., fractures in the lower
extremities, is lower among the most physically active. It
further shows that fracture incidence is independent of age
among middie-aged men,

Selection bias, information bias, and confounding

The study population does not include those h‘av.ing mi-
grated between the two surveys, neither does i include
students temporarily living in Tromsg. However, external
validity should be good because all regular resideats of a

“normal” community is in the eligible population. The po-
tential for selection bias in the study is limited, with more
than 70% of the eligible population included in the
analyses.

Even extensive questionnaires about physical activity
have been shown to give misclassification, especially when
assessing moderate physical activity, 223 Thus, there is
probably some misclassification with respect to physical
activity, even though our questions have been found to give
meaningful categories. ' Because our study is prospec-
tive and longitudinal, there s no reason to believe that our
misclassification of physical activity will be differential: any
misclassification as sedentary or active is not dependent on
future fractures. Qur relative risk estimates are therefore
underestimates, whatever direction.®* The misclassifica-
tion of physical activity is probably larger among women
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Taste 4. DisTRIBUTION OF PHYSICAL ACTIVITY AND CHANGE OF Pitvsicar AcriviTy 1y 1979-1980 axo 1986-1987 Asioxg
Trose Who Atrexoen Botw Suaveys (n = 12,270)

< 45 years of age = 45 years of age

Men % Women %o Men % Women %
Plysical activity (n = 2276) (n = 2793) (n = 3910) {n = 329])

In leisure time in 1979/80 sedentary 15.8 239 196 203
walking 41.2 638 49.5 657

recreational sports 29.6 10.6 2718 13.6

vigorous exerclser 9.5 17 31 04

In leisure time in 1956/87 sedentary 23.4 245 219 23.5
walking 45.8 65.5 511 67.9

recreational sports 26.9 9.3 16.7 83

Vigorous exerciser 3.9 05 1.4 0.3

Atwork in 197980 mostly sitting 342 310 40.7 26.0
watking 24.4 52.0 263 56.6

walking/lifting 30.0 165 19.9 15.6

heavy work 11.4 0.5 131 1.8

Atwork in 1986/87 mostly sitting 413 377 434 353
walking 254 448 21.3 46.3

watking/lifting 24.0 16.6 16.9 16.5

heavy work 9.2 0.9 10.5 2.0

Change of activity in reduced by 2 or 3 cat, 6.2 25 1.0 2.3
leisure time ' reduced by | category 27.0 18.8 2446 20.6
unchanged 47.6 60.2 541 62.1

increased by | category 16.2 16.7 15.7 14.3

increased by 2 or 3 cal. 3.1 1.5 1.6 0.8

Change of activity at work reduced by 2 or 3 cat, 9.8 35 6.3 3.0
reduced by 1 category 15.8 18.9 16.2 19.2

vnchanged 53.1 60.2 63.7 62.3

increased by 1 category 14.6 15.0 11.0 - 139

increased by 2 or 3 cal, 37 25 29 1.7

becavse women traditionally have many tasks invalving
physical activity {while caring for small children or fragile
elderly), which in a questionnaire might be misclassified, as
found in another study on fractures, ¥ Change of physical
activity was a variabie computed from two other variables
{physical activity in survey 11 and Il), both with some
misclassification. Thus, the misclassification with respect to
change is probably substantial. The fact that we do not
know when a possible change occurred might also obscure
the results. Our classification of fractuves is valid, con-
firmed by our control procedures and seif-reports.

Physical activity turns out to be associated with un-
changed or increased incidence of fractures in the non—
weight-bearing skeleton and decreased incidence of frac-
tures in the weight-bearing skeleton. Most potential
confounders affect either bone quality (hormenes, smoking,
ete.} or the risk of injurious falls (risk-seeking behavior,
carelessness, ete.). Such confounders would probably either
be a risk factor or a protective factor for all types of
fractures, they would not differentiate between fractures in
weight-bearing and non-weight-bearing skeleton. Thus,
proper adjustment for all possible confounders might shift
the general effect of physical activity on fractures, but the
opposite effect on fractures in weight-bearing and non-
weight-bearing skeleton would still be present,

Physical activity and fractures

Many studies have focused on different types of physical
aclivity and bone mineral density (BMD) or bone turnover.
It seems certain that immobility or weightlessness is detri-
mental to bones, but the exact relationship between level of
physical activity and bone mass is not known. Animal stud-
ics and human observational studies suggest that loading or
strain is an important stimulus for bone formation and that
high intensity rather than many repetitions is necessary.
Furthermore, the bone response scems 1o be site-specific,
and continued increased load is necessary to keep a gain in
bone mass. Cross-sectional studies suggest a substantial
difference in BMD between sedentary and active persons,
while intervention trials {duration mostly 1 year)} have been
less convincing; it szems that the physical activity needed to
oblain gains in bone mass must be rather vigorous, and even
then the gains are modest. (For recent reviews on physical
activity and bone mass, see Refs. 14, 15, and 26.)

Our study was conducted in a general population, and
there were not many persons practicing vigorous exercise
regularly. Even so, physical activity was associated with a
substantially reduced incidence of fractures at weight-bear-
ing sites among the middle-aged, while it possibly increased
fracture risk at other sites. This is somewhat surprising
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TasLe 5. Asscciation BeTWEEN PHYSICAL ACTIVITY AT
Fracrures Frost 19351995 Astong Persons 45 Y
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DirrerenT Tistes AND THE Cunivtative INCIDENCE oF Low-Exercetic

EaRs OR Ouosr ¥ THe CoHoat
1979-1930 axb 1985-1987

Wro Were InviTeED T0 Sunvers 1x

Men Women
Persons 95% FPersons 95%
Fracure with RR Confidence with RR  Confidence
Physical activity location fracture  n age-adj.  inteval  frecture age-ndj.  interval
Physical activity non-weight-  low 18 765 10 42 668 1.0
in leisure time  bearing medium 4519300 10 (06-17) 145 2159 14 (0.8-1.5)
1979-1930 skeleton high* 35 1206 12 (0.7-2.1) 22 461 0.8 {0.3-13)
weight-bearing low 22 75 10 19 658 1.0
skeleton medium 21 1930 o4 (0.2-0.7) 54 2158 09 (0.5-1.5)
high* 15 1208 o4 (0.2-0.9) g 461 0.6 {0.3-1.4)
Physical activity non-weight- low 44 15589 10 59 854 1.0
at work bearing medium ~ 23 1028 08 (05-13) 111 1857 04 (0.6-1.2)
1979-1550 sketzton medivm + 18 797 08 (0.5-15) 3% 570 09 (0.6-1.4)
high 13 513 0% (0.5-1.7) i
weight-bearing low 29 1589 Lo 22 84 1.0
skeleton mediom ~ 15 1028 08 {0.4-1.5) 42 1857 09 {0.5-1.4)
medivm + 13 7T 09 {0.5-1.7) 17 570 13 {0.6-2.0)
. high 1513 01 (00-07) *
Physical activity non-weight-  low 16 8% 10 40 713 10
in leisure time  bearing medium 50 2230 12 (0.7-2.1) 151 2233 13 {0.9-1.8)
1986-1587 skeleton high* 3284 20 (1137 18283 13 (0.7-2.2)
weight-bearing low 14 8§55 10 19 71310
skeleton medium 33 2230 10 (0.5-1.9) 522233 09 {0.5-1.6)
high® 11 52410 (0.5-2.2) 10 283 1.5 (0.7-3.2)
Physical activity non-weight-  low 51 W10 15 1le0 10
al work bearing medium - 22 1066 0.7 {0.4-1.2) S5 1520 1.0 (0.7-1.3)
1986-1957 skeleton medium + 15 659 08 (C4-14) 4l 606 1.0 (0.7-1.5)
high 10 409 09 {0.4-1.7) 1
weight-bearing Jow 3¢ 17110 38 1160 1.0
skeleton medium ~ 14 1066  0S (0.4-1.5) 31 1520 06 (0.4-1.0)
medium + 9 659 08 (04-17) 12 606 06 (0.3-1.1)
high 5 409 07 (03-17) 1

* The two highest categories have been merged {see Table 1).
' The two highest categories of physical activity at work among women have been merged (sec Table 1).

because studies on bone mass suggest that moderate phys-
ical activity is of little importance. However, even if mod-
erate physical activity gives little gain in bone mass, a level
of moderate physical activity over years might affect the
age-related bone loss and consequently protect against frac-
tures at weight-bearing sites, because the bone loss other-
wise would have accumulated. A question on present phys-
ical activity is likely to refiect level of activity over many
years, because habits, even good ones, die hard.*" Thus,
the cross-seclional studies, which show a larger effect of
prolonged physical activity on bone mass than intervention
teials {with a follow-up period of generally 1 year, bu'z up to
4 years), might better refizct the effect of an active lifestyle
over years than intervention trials. Large populauon—bas.cd
studies (with few vigorous exercisers) support the premise
that physical activity is associated with higher BMI? at
weight-bearing sites.%*%% However, one population-
based study on ankle and foot fractures among elderly

women found vigorous physical agtiviry to be a weak risk
factor for ankle fractures 'Y However, theit explicit ques-
tion adout vigorous exercise might deseribe something
other than our categorization of mainly moderate physical
activity, and their response rate of 8-19% makes the po-
tential for selection bias substantial.®® Ancthet large studs
found no association between physical activity and osteo-
poretic fractures,® which is consistent with our genera!
finding underscoring that analyses should be stratifed [
fracture focation, :

The positive effect on weight-bearing sites in this study is
nol surprising, because most regular physical activity in our
cohort probably was weight bearing (walking, work with
loads, skiing, jogging, etc.). Physical activity might also be 2
parameler for time spent at risk for fracture, and it might be
a parameter for risky behavior or risky jobs with respect 1o
fractures, resulting in an increase of fractures at non-
weight-bearing sites. Results from studies AMONG runneis
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Taste 6. Association Berweeny ToTar, Score ror AcTiviTy 13 1979-1930 avp 1986-1987, Bom v LEISURE TiME AND AT

Work, ano DirrEresT Low-ENERGETIC FRACTURES SurrERED FroM

1 1988-1995 Asoxng Persons 45 Years or OLDER 1§ THE

Conort WHo Were Ivviten To SURVEYS 1N 1979-1980 axp 1686-1087

95% 95%
Score for RR confidence RAR confidence
Fracture location physical aetiviiy agz-adj. interval nudiiple-adj* intenval
Men .
all fractures low 10 1.0
medium 1.0 (0.7-1.4) 0.9 (0.6-1.3)
high 0.7 (0.5-1.1) 0.5 (0.3-0.8)
non-weight-bearing skelelon fow 1.0 1.0 :
medium 0.9 (0.5-1.5) 0.8 (0.4-1.3)
high 1.0 0.6-1.7) 0.6 (0.4-1.2)
weight-bearing skeleton low 1.0 - 1.0
medium 1,0 {0.6-1.8) 1.0 (0.5-1.8)
high 03 {0.1-0.8) 03 (0.1-0.7)
Women
all fractures low 1.0 1.6
medium 0.8 {0.6-1.1) 0.9 (0.6-1.3)
high - 0.9 {0.7-1.3) 13 {6.9-1.8)
non-weight-bearing skeleton low 1.0 1.0
medium 0.8 {0.6-1.2) 1.0 (0.6-1.5)
high 10 {0.7-1.3) 15 (1.6-2.3)
weight-bearing sketeton low 1.0 L0
‘ medium 0.8 (0.5-1.4) 0.9 {0.5-17)
high 0.8 (0.4-1.4) 0.9 (0.4-1.8)

* Adjusted for age, body mass index, body height, tob

and former athletes might be interpreied 1o support
this.(1 219

Physical activity might also lower fraciuse risk at weight-
bearing sites through betier balance and muscle strength,
leading to fewer injurious falls, Among clderly, it seems that
physical activity might reduce the risk of falling, but the
activity must be designed for this purpose, and even if
designed properly, the magnitude of the effect on injurious
falls is still uncertain.C' = However, any such effect would
probably also affect the risk of low-energetic fractures at
oihier sites; therefore, it cannot explain the seemingly dif-
ferent effect of physical activity on fractures in weight.
bearing and non-weight-bearing sites. (The effect on hip
fractures might be special because physically active persons
might be less prone to fall sideways when they fall £3536)
This cannot explain our results because they are mainly
based on fractures at other locations.)

We did not find any association between physical activity
and fractures (except fractures in fingers and toes) among
pessons under the age of 43 years. This may have several
possible explanations, of which the most plausible is that
the trauma s relatively more important than bone mass at
young age becauss young bones are larger and more solid.

ACKNOWLEDGMENTS

The authors would like to acknowiedge the participants
in the Tromss study and The National Health Screening

acco smoking, and miik, coffee, and aleohul consumption,

Service, This research was funded by the JLE. Isbergs foun-
dation. .-

REFERENCES

1. Cummings SR, Rubin SM, Black D 1990 The future of hip
fractures in the United Srates. Numbers, costs, and poiential
elfects of postmenopausa! estrogen. Clin Orthop 232:163-166.

2. Cooper C, Campion G, Mehon LI 1992 Hip fractures in the
elderly: A world-wide projeciton. Osteoporosis Int 2:285-259,

3. Barrett-Connor E 1995 The economic and human costs of
osteoporotic fraclure. Am J Med 98(Supp! 2A):53-88.

4. Obrant KJ, Bengner U, Johnell O, Nilsson BE, Sernbo 1 1689
Increasing age-adjusted risk of fragility fractures: A sign of
increasing osteoporosis in suceessive gencrations? Caleif Tis-
sue Int 44:157-167,

5. Riggs BL, Mclion LI 1995 The worldwide problem of osteo-
porosis: Insights afforded by epidemiology. Bone 17:5505~
S511

6. Law MR, Wald NJ, Meade TV 199] Strategies lor prevention
of osteoporosis and hip fracture. BMJ 303:353-459,

7. Joakimsen RM, Maznus JH, Fennebo V 1997 Physical activity
and predispesition for hip fractures: A review, Ostcoporos Int
T:503-513,

8. Serock Gs, Bush TL, Golden AL, Fricd LP, Breuer B, Hate
WE 1938 Physical activity and fracture 1isk in a free-living
clderly cohort, J Gerontof 43:M134-M139,

9. Greendale GA, Barrett-Connor E, Edelstein S, Ingles S, Haile
R 1995 Litetime leisure excreise and osicoporosis: The Rancho
Bemardo study. Am J Epidemiol 141:951-959,

10. Kelsey JL, Browner WS, Seeley DG, Nevitt MC, Cummings SR
1992 Risk factors for fractures of the distal forearm and prox-
imal humerus: The Study of Osteoporotic Fractures Research



PHYSICAL ACTIVITY AND THE INCIDENCE OF FRACTURES

11.

19.

26.

. Bonaa KH, Thelic

Group [published erratum appears in 1992 Am I Epidemiol
135:1183]. Am J Epidemiol 135:477-489.

Seeley DG, Kelsey J, Jergas M, Nevitt MC 1996 Predictors of
ankie and foot fractures in older women. J Bone Miner Res
11:1347--1355.

. Michel BA, Bloch DA, Fries JF 1992 Physical activity and

fractures over the age of fifty years. 1nt Orthop 16:87-91.

. Wyshak G, Frisch RE, Albright TE, Albright NL, Schiff I 1937

Bone fractures among former college athletes compared with
nonathletes in the menopausal and postmenopausal years. Ob-
stet Gyneco!l 69:12-126,

. Farwood MR, Burr DB 1993 Physical activity and bone mass:

Exercises in futility? Bone Miner 21:39-112.

. Chilibeck PD, Sale DG, Webber CE 1995 Exercise and bone

mineral density. Sports Med 19:103~122,

DS 1991 Association between blood pres-
sure and serum lipids in a population: The Tromso Swdy.
Circulation §3:1305-1314.

. Thelle DS, Forde OH, Try K. Lehmann EH 1976 The Tromso

heast study: Methods and main results of the cross-sectional
study, Acta Med Scand 200:107-118.

. Lochen ML, Rasmussen K 1992 The Tromso study Physical

fitness, self-reporied physical activity, and their rel \llOthlp to
other coronary risk factors. ] prd;msol Commun Health 46
103-167.

Holme 1, Helgeland A, Hjermann 1, Leren P, Lund Larsen PG
1981 Physical activity at work and at leisure in relation to
coronary risk factors and sacial class: A 4-year mortality follow-
up: The Oslo study. Acta ded Scand 209:277-283,

. SAS INSTITUTE 1992 SAS'STAT Guide for Personal Com-
puters. Version 6 cdition, SAS Institute, Cary. NC, US.A.
. Magnus JH, Joakimsen RM. Bertnsen GK, Tollan A, Sogaard

AJ 1996 What da Norwegian women and men know about
osteoporesis? Osteoporos Int 6:31-36,

. Blair SN, Dowda M, Pate RR, Kroneafeld J, Howe HG Jr,

Parker G. Blair A, Fridinger F 1991 Reliability of long-term
recatt of participation in phvsical activity by middic-aged men
and women. Am ] Epidemiol §33:266-2735.

. Jacobs DR, Jr, Ainswarth BE, Hartman TJ, Leon AS 1993 A

simultancous evaluation of 1) commanly used physical activity
questionnaires. Med Sci Sports Exere 258191

. Rothman KJ 1995 Modern Epidemiology, Little, Brown and

Cempaay. Boston, MA, TLS.A.

. Forsén L. Bjorndal A, Bjactveit K. Edna T-H, Holmen J,

Jessen V, Westhera G 1994 Interaction between current smok-
ing. leanness, and physical inactivity in the prediction of hip
fracturc.  Bone Miner Res 9116711678,

Suominen H 1993 Bone mincral density and fong term exer-
cisc: An overview of cross-sectional athlete studics, Sports Med
16:316-33C.

27.

23.

25. B

30.

3L

36,

1157

Johnell O, Gullberg B, Kanis 14, et al. 1995 Risk factors for hip
fracture in Ewropean women: The MEDOS study, J Bone
Miner Res 10: 1802~1515,

Kroger H, Tuppurainen M, Honkanen R, Alhava E, Saarikoski
$ 1994 Bone mincral density and risk factors for osteoporo-
sis—A  population-based study of 1600 perimenopausal
women, Caleil Tissue Int 55:1-7,

Bauer DC, Beowner WS, Cauley JA, et al. 1993 Factors asso-
ciated with appendicular bone mass in older women: The Study
of Osteoporotic Fractures Research Group. Ann Intern Med
118:657-663,

Cauley 34, Secley DG, Ensrud K, Euinger B, Black D, Cum-
mings SR 1993 Estrogen replacement therapy and fractures in
older women. Ann Intern Med 122:9-16,

Wolf 5L, Barnhart HX, Kutner NG, McNeely E, Coogler C,
Xu T 1996 Reducing frailty and falls in older persons: an
investigation of Tai Chi and compulterized balance training.
Atlanta FICSIT Group. Frailty and Injuries; Cooperative Stud-
ies of Intervention Techaiques. J Am Geriatr Soc 4-4:489-497,

- Province MA, Hadley EC, Hornbrook M, Lipsitz LA, Miller

IP, Mulrow €D, Ory MG, Sattin RW, Tinetti ME, Wolf SL
1995 The elfects of exercise on falls in elderly patients: A
preplanned meta-analysis of the FICSIT Trials. Frailty and
Injuries: Cooperative Studies of Tntervention Techniques.
JAMA 273:1341-1347,

. Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz

LA, Evans W 1990 High-intensity Slt’unf’lh training in nona-
genarians: Effects on skeletal muscle. JAMA 263:3029-3034,

4. Malmivaara A, Heliovaara M, Knekt P, Reunanen A, Aromaa

A 1993 Risk factors for injurious falls leading to hospitalization
or death in a cohort of 19,500 adulis. Am J Epidemiol 138:
384394,

. Boonen 5, Nicholson PHF, Lowet G, et al. 1996 Fall biome-

chanics and osteoporotic fracture occurreace at the proximal
femur: Implications for the prevention of fall-related injucics. J
Orthop Rheumatol %:181-186.

Neviu MC. Cummings SR 1994 Type of fall and risk of hip and
wrist fractures: The siudy of ostcoporutic fraclures. J Am
Geriatr Soc¢ 4$1:1226~1234.

Address reprint requests to:
Ragnar M. Joakimsen, M.D.
fastitnte of Community Medicine
University of Tromsg

9037 Tromsg, Norway

Received in original form July 23, 1697; in revised form January 13,
1998, accepted February 3, 1598,












The Tromsg study: Alcohol consumption and tobacco smoking

related to non-vertebral fractures in a middle-aged population.

Ragnar M. Joakimsen', MD, Vinjar Fennebe', MD, PhD, Anne Johanne Sggaard?,
DDS PhD, Anne Tollan3, MDD, PhD‘, Jeanette H. Magnus!, MD, PhD.

Hnstitute of Community Medicine, University of Tromse, Norway

*National Institute of Public Health, Department of Population Health Sciences,
QOslo, Norway

3Department of Gynecology, Central hospital of Hedmark, Hamar, Norway.

Funding: This research was funded by the J. E. Isbergs foundation.

Running title: Alcohol, smoking and fractures

Correspondence to:

Ragnar M. Joakimsen

Institute of Community Medicine

University of Tromse, 9037 Tromse, Norway
Tel: +47 77 64 55 12, Fax: +47 77 64 48 31

E-mail: Ragnar.Joakimsen@ism.uit.no



Abstract

We have studied the refation of alcohol consumption and tobacco smoking to non-
vertebral fractures. All men born 1925-1959 and all women born 1930-1959 in the city
of Tromse were invited to surveys in 1979/80, 1986/87 and 1994/95 (The Tromses
Study). Of 16,676 invited persons, 12,270 (73.6 %) attended the two first surveys. All
non-vertebral fractures (N = 935) sustained from 1988 to 1995 were registered in the
only hospital in the area. Average age in the middle of the follow-up period was 48.8
years among men and 45.9 years among women, ranging from 32 to 66 years. The
incidence of non-vertebral fractures was positively associated with tobacco smoking
among men, but not among women. Frequency of inebriation and consumption of beer
and spirits was associated with higher incidence of all non-vertebral fractures among
both men and women, and these associations were stronger with respect to fractures in
lower extremities. More frequent consumption of wine was associated with lower

incidence of fractures. Among men, 18 % of al] fractures could be ascribed smoking.

Keywords: Alcohol, Smoking, Tobacco, Osteoporosis, Fractures



Introduction

Studies on the relationship between alcohol consumption, tobacco smoking and
fractures have mostly focused on hip or forearm fractures in women. In several large
follow-up studies, the incidence of hip and/or forearm fractures is not related * or only
weakly related to alcohol consumption 7, while long-time female smokers seem to be at
a higher risk of hip fractures . Alcohol consumption increases the risk of injurious
falls ® 1% but it is not associated with the incidence of falls in general '"'>. Alcohol

consumption is, however, positively associated with bone mineral density (14,15

, which
should reduce fracture risk. It is therefore difficult from the present knowledge to
predict how the risk of fractures is affected by alcohol consumption.

We hypothesize that alcohol consumption and tobacco smoking are weak risk
factors for any non-vertebral fracture among middle-aged persons, and we have studied
this relationship prospectively in a large population-based cohort. The population has

been surveyed several times, we can therefore report on the effect of changes in these

habits with respect to fractures.

Material and Methods

Subjects

The Tromse study is based on information gathered through population surveys in
1974, 1979/80, 1986/87 and 1994/95. We have used information from the three most
recent surveys. 16,676 males (bom 1925-59) and females (born 1930-59) were invited
in both 1979/80 and 1986/87. Of these, 12,270 persons (73.6 %) attended both surveys,
of which 10,441 attended the 1994/95 survey. Average age in the middle of the follow-
up period among the 12,270 attendees was 48.8 (SD 9.3) ranging from 32 to 66 years
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émong men and 45.9 (SD 7.9) ranging from 32 to 61 years among women. Follow-up
time was assigned from January 1, 1988 to date of fracture or to end of follow-up
(December 31, 1995). The 1,868 persons who had migrated or died before the 1994/95

survey were assigned follow-up time to date of fracture or to Dec. 31, 1991.

Questionnaires and measurements

The questions had, with few exceptions, given answer alternatives. The
questionnaires have previously been described in detail elsewhere Y% 7. The questions
on alcohol consumption in 1979/80 were as follows:

1. Areyou ateetotaler?

2. Ifnot, how often do you drink beer? Identical questions were asked with respect to
wine and spirits.

3. Approximately how often in the past year have you drunk so much wine, beer and
spirits that you got drunk?

Questions on alcohol consumption in 1986/87 were similar, except the question on

inebriation, which reads:

Approximately how often in the past year have you drunk alcoho! corresponding to at

least 5 small bottles of beer, a bottle of wine, or a quarter bottle of spirits?

In the 1994/95 survey, identical questions were asked as in 1986/87, in addition there

were questions on number of glasses of beer, wine or spirits usually consumed during a

fortnight.

The questions on tobacco smoking included the following questions in all surveys:

1. Do you smoke daily at present?

2. If“yes”, do you smoke cigarettes daily (hand-rolled or factory made)?



3. Ifyoudo not smoke cigareties daily at present: Have you previously smoked
cigarettes daily?

4. If“yes”, how long is it since you stopped?

5. For those who smoke or have smoked previously: How many years altogether
have you smoked daily?

6. For those who smoke or have smoked previously: How many cigarettes do you, or
did you, smoke daily? Give number of cigarettes per day (hand-rolied -+ factory

made)

The questionnaires also included questions about diet, physical activity in leisure time
and at work, coffee and milk consumption, and various diseases and symptoms. The
guestions on alcohol consumption have been validated by comparisen with a structured
interview and blood concentration of gamma-glutamyltransferase '*'?, Table 1 also
shows that the “frequency of consumption” variables in 1986/87 correspond well with
the “amount of consumption” variable in 1994/95. This both indicates a stab}-f.z pattern of
alcohol use over time, and 1t allows us to consider the “frequency of consumption”
variables in 1979/80 and 1986/87 as proxies for amount alcohol consumed before we
started follow-up. The questions on tobacco smoking have been validated by

comparison with blood concentration of thiocyanate 20),

Fractures

Non-vertebral fractures that had occurred in the study population were sought for in
the radiographic archives of the University Hospital by computer linkage, using the 11-
digit national personal identification number as the person-identifiable key. All fractures

suffered by persons in the cohort are registered here, as the University Hospital is the



only hospital in Tromse, and there is no other radiographic service in the city or within
250 km. The only exception to this would be fractures occurring while traveling with no
control radiographic ¢xamination after returning home. The radiologists describe the
radiographic film in full text, and they assign a diagnostic code. To ensure complete
registration and to categorize the trauma mechanism as low-energetic (fall from same
level, not traffic accident), pathologic (tumor or metastasis) or high-energetic (fall from
a height or trafftc accident), we checked all referrals and full text descriptions of
examinations with any pathology (1=12,509). We found no additiona! fractures when
also checking a random sample of 1 044 descriptions coded as normal.

There was a complete 11-digit personal identification number on 90 % of all
radiographic reports in the radiographic archives. From the 10 % without a complete
number, we selected those with registered fractures (by code) in the archives and
searched for them in our cohort by date of birth, finding 23 additional persons with
fractures (1.8 % of all persons with fracture).

Among the 12,270 attendees to the 1979/80 and 1986/87 surveys, 935 pé‘rsons had
suffered a total of 1,063 fractures, of which 876 (82.4 %) could be coded according to
trauma mechanism. Of all the fractures, 657 (62%) were the result of a low-energetic

traumna (table 2).

Validation of fracture registration

To validate the registration at the department of radiology, we checked the 550
patients who in 1994 were registered as treated for fracture of hip, distal forearm or
ankle in other departments in the hospital. Only one of these had been missed by the X-

ray archive. From our cohort we also chose a random sample of 1,000 persons and



checked the actual envelopes in the X-ray archive finding 68 fractures, of which only

one had not been identified by our initial registration.

Statistical analysis

As we have information about alcohol consumption and tobacco smoking from two
surveys before the occurrence of a fracture, we have performed the analyses with respect
to exposure both at one point in time, as accumulated exposure, and with respect to
change of exposure. Accumulated exposure with respect to alcohol consumption has
been studied in two ways: 1) Analyses restricted to persons with identically reported
habits in the 1979/80 and 1986/87 surveys. 2) Analyses on scores for frequency of
alcohol consumption of any kind. The scores were computed by adding the variables
with respect to consumption of beer, wine and spirits, which then were categorized into
approximate quartiles. A similar frequency of consumption of beer, wine and spirits
may not reflect identical consumption of total amount of alcohol. To explore this, we
have put weights from 1 to 3 on beer, wine and spirits consumption in the score
analyses.

Accumulated exposure with respect to tobacco smoking has been dealt with in two
ways: 1) Analyses on a computed variable describing number of years smoking 20
cigarettes per day (pack-years). 2) Analyses on a variable describing smoking status at
the three different surveys.

Change of alcohol consumption and tobacco smoking was analyzed in two ways:
1) Regression analyses with the variables change, age and baseline consumption
/smoking in the model. 2) Analyses comparing “starters” with never‘users, and those

who had stopped with current users in 1986/87. The analyses have had the following



end-points: Any non-vertebral fracture, any fracture in upper extremities and any
fracture in lower extremities.

In order to adjust for confounding factors, we included one potential confounder at
a time into models with alcohol consumption or tobacco smoking and age, and assessed
whether this changed the hazard ratio estimate of alcohol consumption or smoking with
respect to fracture incidence. We have assessed interaction by both interaction terms and
stratified analyses.

The data were analyzed by %2, Mantel-Haentzel-y?, and Cox proportional hazard

regression analysis in SAS @1,

Results

Alcohol consumption and fractures

A score for frequency of any alcohol-consumption in 1979/80 and a similar score
for alcohol consumption in 1986/87 were not associated with the incidence of
subsequent fractures among men regardless of weights put on beer, wine and spirits
consumption. However, the women in the highest quartile of alcohol-consumption in
1986/87 had higher risk of all fractures (RR 1.4, CI 1.0-1.8, age-adjusted) and of
fractures in lower extremities (RR 1.6, CI 1.1-2.4, age-adjusted) compared to women in
the lowest quartile when weighting wine, beer and spirits consumption equally.
According to this relationship, 15 % of fractures in lower extremities could be attributed
to alcohol consumption among women. The association grew stronger when putting
more weight on consumption of beer and spirits than of wine, but it did not disappear

even when putting a double weight on wine consumption compared to beer and spirits.



Weekly consumption of beer and spirits and frequent incbriation was associated with a
higher incidence of non-vertebral fractures (table 3). This was more pronounced for
women than men, it was more pronounced for consumption reported eight years before
follow-up than consumption reported the year before follow-up, and it was more
pronounced for persons with similar habits through all surveys (data not shown).
Consumption of wine was associated with lower incidence of fractures among men, but
not among women.

There was no clustering of fractures in weekends according to date of
radiographic examination, neither with respect to all fractures, fractures in upper
extremities, lower extremities, wrists nor ankles.

Frequency of spirits consumption and frequency of inebriation was associated
with higher incidence of fractures in lower extremities among women (age adjusted HR
for weekly consumption of spirits vs. never in 1979/80 1.9, CI 1.2-2.9, inebriation
monthly vs. never, HR 2.6, CI 1.6-4.3). When restricting the analyses to persons 45
years of age or older, the point estimates increased somewhat, although the inrt.eraction
was not statistically significant. In this age group, age-adjusted HR for fractures in lower
extremities among women inebriated monthly vs. never was 4.6 (CI 2.5-8.4). Restricting

analyses to low-energetic fractures did not alter the results (data not shown).

Accumulated exposure to alcohol and change of alcohol consumption

When including only persons with similar habits with respect to alcohol
consumption in the three surveys (or missing in the last survey), the same pattern
emerged: Persons who weekly consumed beer, spirits and/or were monthly inebriated

sustained more fractures, while men who consumed wine weekly suffered fewer



fractures (data not shown). Among men, a score for the frequency of all consumption of
alcohol in the two surveys, and with equal weights for beer, wine and spirits
consumption, was not associated with the subsequent incidence of non-vertebral
fractures. Among women, however, such an association became statistically significant
with respect to fractures in Jower extremities when weighting spirits consumption
heavier than beer and wine consumption (weight 2:1:1, HR 1.5, C1 1.1-2.1, age-
adjusted, highest compared to lowest quartile of consumption).

Change of alcohol consumption between the two surveys showed no clear

relationship to the incidence of non-vertebral fractures.

Confounding and interaction

Adjustment for body mass index, body height, coffee and milk consumption,
level of education, tobacco smoking and physical activity in leisure-time and at work
did not substantially change the estimates in the analyses on alcohol consumption and
fractures. Adjustment for frequency of consumption of other aleoholic beverages than
the one of interest did not change the estimates among men, but among women all
hazard ratios moved closer to one with the exception of consumption of spirits (data not
shown). Among women, the “effect” of beer consumption was stronger among women
with physically hard work (table 4). Stratified analyses and models with interaction-
terms did not reveal any other interactions with respect to body mass index, body height,
coffee consumption, milk consumption, employment status (full time job, part-time job,

no job) or physical activity in leisure-time or at work.

Tobacco smoking and fractures

Tobacco smoking was as frequent among women as among men, but male smokers

smoked more cigarettes. Tobacco smoking was associated with higher incidence of non-
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vertebral fractures among men, to a lesser extent among women (table 5). Analyses
restricted to fractures in upper and lower extremities respectively gave no significant
results among men. Tobacco smoking was, however, associated with more fractures in
lower extremities among women (p for trend < 0.01 with respect to number of cigarettes
smoked each day both in 1979/80 and in 1986/87). Restricting analyses to low-energetic
fractures did not alter the results much, except a slightly sironger association between
tobacco smoking and fractures in lower extremities among women (data not shown).

Prolonged exposure to cigarette smoking was associated with a higher incidence
of non-vertebral fractures, more pronounced among men (table 5).

Men who had stopped smoking between 1979/80 and 1986/87 suffered less non-
vertebral fractures than men who smoked at both surveys (age-adjusted HR 0.7, CI0.5-
1.1). Similar analyses restricted to fractures in lower extremities showed a stronger
association (age-adjusted HR 0.5, CI 0.2-1.0). Change of smoking habits among women
was not associated with the incidence of non-vertebral fractures.

Among men, 18 percent of ali fractures could be ascribed smoking a.c;cording to
smoking status at the different surveys (calculated from numbers in table 5).

Corresponding number among women was 9 percent.

Confounding and interaction

Adjustment for body mass index, body height, coffee- and milk consumption,
level of education, alcohol consumption and physical activity in leisure-time and at
work did not substantially change the estimates in the analyses on tobacco smoking and
fractures. Analyses stratified by employment-status revealed a stronger association
between smoking and fractures among the few men without a job (t-able 6, interaction-

term p<0.001). The described interaction was the only one found after stratified analyses
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and models including interactions-terms with respect to body mass index, body height,
employment-status, consumption of coffee, milk, beer, wine and spirits and physical
activity in leisure time and at work.

When comparing persons smoking at least 20 cigarettes daily and getting
incbriated at least monthly (370 men and 99 women in 1986/87) to persons not smoking
and never getting inebriated, the age-adjusted HR of non-vertebral fractures was 1.8 (CI

1.2-2.7) among men and 1.5 (CI 0.8-2.8) among women.

Discussion

In this large, prospective and population-based study, we found that the incidence of
non-vertebral fractures was weakly related to tobacco smoking among middle-aged
men, but not among women. Frequency of beer and spirits consumption was positively
associated with the incidence of non-vertebral fractures among both men and women,
especially with respect to fractures in lower extremities. Men who had stopped smoking
had lowered their risk of fractures in the lower extremities. Among middle-aged men,

almost one of five fractures could be ascribed tobacco smoking.

Selection bias, information bias and confounding

The study population does not include those having migrated between the two
surveys, neither does it include students temporarily living in Tromsg. However,
external validity should be good, as all regular residents of a «normal» community are in
the eligible population.

The potential for selection bias in the study is limited, with more than 70 % of the

eligible population included in most of the analyses.
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Our baseline description is mostly a picture of drinking patterns (frequency, not
amount), but we have shown in table 1 that it could be used as a proxy for amount
alcohol consumed. Frequency of inebriation can be used as a proxy for time spent with
high blood concentration of alcohol, even if the use of a proxy leads to misclassification.
Any misclassification with respect to information from 1979/80 and 1986/87 is likely to
be non-differential: Persons that will suffer a fracture are not likely to report their
drinking habits differently from others. Thus, ali the estimates presentéd are probably
underestimates due to non-differential misclassification.

The weighting of beer, wine and spirits consumption in the scores is uncertain,
as we do not know the amount of alcohol intake that corresponds to the frequencies
reported. The data from 1994/95 suggests equal weights on beer, wine and spirits
consumption among men, and heavier weight on wine consumption among women.
However, we have explored this uncertainty by analyzing with different weights.

According to a recent review on smoking and hip fractures, accumulated exposure
to smoking is probably a more meaningful categorization than current 31n0kiﬁg % we
have assessed accumulated exposure to tobacco smoking according to number of
cigareties smoked per day in the last attended survey before the follow-up and number
of years smoked. This categorization is crude, as our estimate of average number of
cigarettes smoked per day is uncertain. Any misclassification is however, unlikely to be

differential, hence the estimates are probably underestimated.

Alcohol and non-vertebral fractures

When analyzing alcohol intake with respect to different beverages, consumption of
wine seemed to be protective with respect to fractures among men, even after

adjustment for potential confounders. Consumption of alcohol-containing beverages is
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dependent on culture, and it is possible that wine consumption is a marker of healthy
habits with respect to bone health and/or low inclination to fali among men. Qur results
suggested stronger associations among women with respect to frequency of
consumption of specific alcoholic beverages. But the men who consumed liquor or were
inebriated frequently were many (about one out of three men). The corresponding
wormen were few (only about one out of ten women), and they may be special with
respect to inclination to suffer traumas and bone quality. The explanation for the
described interaction may be that women with physically hard work drink more when
drinking, than women with sedentary work. The unaltered results when restricting the
analyses to “low-energetic” fractures is plausible, as inebriation may increase the risk of
both high- and low-energetic traumas, Besides, a recently published study suggests that
categorization of fractures according to energy in frauma is questionable D The
stronger effect with respect to fractures in lower extremities compared to upper
extremities is surprising, but may reflect inability to break a fall with the arms when
inebriated due to slow reflexes @, Earlier follow-up studies have found a sm-alier
“effect” of moderate consumption than this study (6. 2420 However, our analyses
considered intake of beer, wine and spirits separately. The suggested protective effect of
wine consumption (possibly a marker of other protective factors) may mask the effect of
other alcoholic beverages in analyses on total alcohol consumption.

The present study and all the referenced studies on fractures have measured
exposure to alcohol as average consumption or average frequency of consumption.
These measures should be able to detect any effect on bone metabolism resulting in
altered bone strength. However, inebriation, that is blood alcohol concentration above a
certain level, seems to be a very strong risk factor for injurious falls 19 The measures

on average alcohol consumption would possibly fail to classify persons precisely

14



according to time spent intoxicated. Thus, even if daily alcohol consumption might

seem to protect against injurious falls among elderly ¥

, getting drunk is probably still a
risk factor for falls and fractures, as suggested by some of our results on frequency of
inebriation and fractures.

The estimates on population attributable risk of alcohol consumption must be

looked upon with caution, as the assumptions of the calculations are that the hazard ratio

point estimates are true, and that there is a causal link between alcohol consumption and

fractures,

Tobacco smoking and non-vertebral fractures

We have found tobacco smoking to be associated with non-vertebral fractures
among men. The “harmful effect” of smoking is not strong, and may be the effect of
confounding factors: Smokers may be different from non-smokers in many ways.
However, adjustment for potential confounding factors did not change the estimates,
and the results suggested a dose-response relationship with respect to accumulated
exposure to tobacco smoking among men. The lowered risk of fractures in lower
extremities among men that had quit smoking supports the association between smoking
and the incidence of fractures. The interaction with employment status was surprising,

but we believe smoking must be a marker of other unhealthy behavior/factors in this

group.

A lower bone mineral density in smokers was shown more than 20 years ago @9
and several cohort studies have found tobacco smoking to be a weak risk factor for hip
fractures %3031 Thus, our results are plausible, even if some cohort studies have

found no relation between smoking and hip fractures 727, According to a recent

meta-analysis among women, tobacco smoking is not related to lower bone mass or to

15



hip fractures among premenopausal women. Among postmenopausa) women, smokers
lose approximately 2% more of their bone mass pr. decade than non-smokers.
Consequently, the difference between smokers and non-smokers increases with age, and
constitutes 6% at the age of 80 years. Thus, relative risk of hip fracture among smokers
vs. non-smokers increases with age, from 1.17 (95% CI 1.05-1.30) at 60 years to 2.08
(95% CI 1.70-2.54) at 90 years .

Several hypotheses on the effect of smoking on bone have been proposed:
Smoking may reduce calcium absorption %, there may be a direct toxic effect on bone

(33 }, furthermore, the risk of falling is a little greater in smokers (3435

), Commonly
postulated mechanisms as lower body weight among smokers and actions of smoking on
estrogen, can account for only a small proportion of the effects seen in these studies ),

Our finding that tobacco smoking was a stronger risk factor among middle aged
men than women may refiect that male smokers smoke more cigarettes per day than
female smokers do, even though the categorization of smoking was similar among men
and women.

Studies on other types of fractures, especially among men, are few, but one

cohort study among men found no relation between current or past smoking and forearm
fractures . Cohort studies among women have found no relationship between smoking

57, 24,
and humerus, forearm, ankle or foot fractures ( 26

, neither have case-control-studies
with respect to forearm fractures among women 8639 One case-control study found
smoking to be a risk factor for vertebral fractures among men “%, while a large cross-
sectional Finnish study among perimenopausal women found that tobacco smoking was
related to prevalence of ankle fractures and any fracture, but not to wrist fractures “".

As with alcohol consumption, the population attributable risks with respect to

smoking must be looked upon with caution. However, the known relation between

16



smoking and bone mineral density and hip fractures makes a causal link plausible. Thus,
our resulis suggest that even among middle aged men, a considerable proportion of ail

non-vertebral fractures might be attributable fo tobacco smoking.
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Table 1
Amount of alcoholic beverages consumed (reported in 1994/95) stratified by frequency
of consumption of the relevant beverage (reported in 1986/87) in The Tromse Study.

Average number of glasses of the
relevant beverage consumed during a

Frequency of fortnight in 1994/95
alcohol
consumption Men Women
Beer
Never/seldom 0 0
1-2/month 2 1
1/week 4 2
2-3/week 7 3
daily 15 12
Wine
Never/seldom 0 0
1-2/month 2 2
1/week 5 5
2-3/week 8 9
daily 19 19
Spirits
Never/seldom 0 0
1-2/month 2 1
1/week 4 3
2-3/week 7 4
daily 16 8
Frequency of inebriation!
Not at all 3 2
A few times 5 4
1-2/month 10 8
23/week 20 19
n? 4741 4784

1 Stightly different questions in the two surveys, see text. Total number of glasses of
alcohol the last fortnight in 1994/95.

2 Number of persons is not exactly the same in all analyses according to some missing

data.



Table 2

Number of persons who suffered a fracture from 1988 to 1995 among 12,270 Tromse
residents who attended surveys 1979/80 and 1986/87.*

MEN (N = 6 186)

WOMEN (N = 6 084)

FRACTURE LOCATION All  Low energetic(%) All Low energetic (%)
All fractures 444 55 491 75
Upper extremities 246 55 298 81
Wrist 71 61 194 88
Lower extremities 188 53 196 64
Ankle 57 72 76 74
Hip 18 33 23 70
Fingers and toes 179 44 115 57

*Persons might have more than one fracture, hence the same person might be found in

several categories of fracture.
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Abstract

Purpose: Earlier fracture is a strong risk factor for subsequent fracture, and height loss is
strongly associated to vertebral fractures. We hypothesise that height loss predicts
subsequent fractures.

Materials and Methods: The young adult and middle aged population of Tromsg were

invited to surveys in 1979/80 and 1986/87 (The Tromse Study). Of 16 676 invited, 12
270 attended both surveys (74 %). All non-vertebral fractures in the period 1988-1995
(922 persons with fractures) were verified by x-ray, and height was measured by a wall
mounted ruler.

Results: Women with a height loss compared to women with no height loss suffered
more low-energetic fractures (RR = 1.3 CI 1.0-1.7, adjusted for confounding factors).
However, sensitivity, specificity positive predictive and negative predictive value was
only 25, 82 and 11 and 92 % respectively for height loss considered as a clinical test
among women 40 years or older. There was no association between height loss and
subsequent fractures among men.

Conclusion: Height loss is a predictor of fractures among middle aged women.

However, the relation is too weak to use height measurements as a screening tool.

Keywords: Osteoporosis, fractures, screening, risk assessment



INTRODUCTION

The incidence of fractures in the western world has increased dramaticatly
during the last decades {1;2]. This is due both to more people reaching old age, and
higher age-adjusted incidence of any fractures at any location {1;3]. Measures to prevent
this development is called for, and one current strategy is to intervene among groups at
high risk of fractures. Several predictive factors have been found, the most important
being bone mineral density, which explains 40-80% of the variance in bone strength [4].
Bone mineral density measurements in combination with other recorded risk factors
makes it possible to identify groups with a 25-fold risk of hip fracture compared to those
with the lowest risk [5]. Thus, with a proper patient history and a thorough examination
supplemented by a measurement of bone mineral density, it is possible to focus
intervention at groups with very high risk of hip fracture. A quick and inexpensive test,
however, had been preferable in order to screen populations in general practise.

A previous fracture of any kind is a strong predictor of subsequent fractures [6;7]. The
most prevalent fracture, vertebral, is difficult to diagnose without misclassification [8].
Reduction in body height closely reflects, however, degree of degeneration of vertebrae
[9-14], and to most people, both inside and outside the medical community, the term
osteoporosis is associated with a mental image of little old ladies getiing shorter as they
get older. Kelsey et al. [15], found that height loss (asked, not measured) since the age
of 25 years was a weak risk factor for proximal humerus fractures. We hypothesise that
decrease in measured body height is a predictor of any subsequent fracture and

subsequent height loss and have tested the hypothesis in a large population based study.



MATERIAL AND METHOD

Subjects

Tromse, a Norwegian city with presently 55 000 inhabitants, is situated at a latitude of
70°N. The Tromsg study is based on information gathered through four population
surveys in 1974 (I), 1979/80 (ID), 1986/87 (I} and 1994/95 (IV). We have used
information from survey Il and Hil. All males born 1925-59 and females born 1930-59
were invited to both these surveys [16]. Of 16 676 persons invited, 12 270 (73.6 %)
attended both surveys. Follow up time was assigned from Jan. 1, 1988 to date of fracture
or to Dec. 31, 1995, Among the 12 270 attendants, 972 had migrated or died before end
of follow up, and they were assigned follow up time to date of fracture or to Dec. 31,
1991 (Halfway through follow up). Those with invalid height/weight measurements (n =

173) were excluded from the analyses, thus 12 097 subjects were analysed.

Questionnaires and measurements

The questionnaires have been described elsewhere in detail {16;17]. They contained
questions about diseases, medication, diet, physical activity in leisure time and at work,
alcohol consumption, smoking and several other parameters. Height and weight were
measured to the nearest centimeter/kilogram once at each survey. The attendees wore
light clothing without shoes, and the subjects were measured with their back against a
wall on which a ruler was mounted. A bar perpendicular to the ruler was positioned
against the subject’s vertex, and the corresponding reading was recorded. A similar
method has been shown to have similar precision as Harpenden stadiometer [18].
Remarks were made if height or weight measurement could be nvalid (pregnancy,

would not take shoes off, crippled, refused). The questionnaire in the last survey



included self reported hip fractures and forearm fractures, and the age at which they

were suffered.

Fractures

Non-vertebral fractures which had occurred in the study population, were sought for in
the x-ray archives of the university hospital by computer linkage using the 11-digit
national personal identification number. All fractures suffered by persons in the cohort
are registered here, as the University Hospital is the only hospital in Tromsg, and there
is no other x-ray service in the city or within 250 km. The only exception to this would
be fractures occurring while travelling with no control x-ray after returning home. The
radiologists describe the x-ray examination in full text, and they assign a diagnostic
code. To ensurc complete registration and to categorise the trauma mechanism as low-
energetic (fall from same level, not traffic accident), pathologic (tumour or metastasis)
or high-energetic (fall from a height or traffic accident), we checked all referrals and full
text descriptions of examinations with any pathology (n=12 509). We found no
additional fractures when also checking a random sample of 1 044 descriptions coded as
normal. The x-ray archive had a complete 11-digit personal identification number on 90
% of those examined after 1987. From the 10 % without a complete number, we
sclected those with registered fractures (by code) in the archives and searched in our
cohort by date of birth to find matches, finding 23 additional persons with fractures.
Among the persons that attended survey I and I and had valid height/weight
measurements, 922 persons had suffered 1 048 fractures, of which 866 (82.6 %) could

be classified according to trauma mechanism.



Validation of fracture registration

In order to validate the registration at the department of radiology, we checked
550 patients registered with fracture of hip, distal forearm or ankle by ICD-9 code at
other departments in the hospital in 1994. Of these, only 1 was missed by the x-ray
archive, and the hospital record of this person states that the x-ray films were removed
and never described by a radiologist. From our cohort we also chose a random sample of
1000 persons and checked the actual envelopes in the x-ray archive to find 68 fractures,
of which only one had not been found by our initial registration.

To further validate the recording of fractures, we compared self reported (in the
survey in 1994/95) hip and forearm fractures in the follow up period with fractures
found in the computer linkage. Of 33 self-reported hip fractures, eight were erroneously
reported (24.2 %) (six were fractures of the shaft of femur, one was suffered before the
foilow up period and one had operated in a hip replacement without any preceding
fracture), and we had recorded 23 of 25 fractures (92.0 %). Of 202 self reported forearm
fractures, 26 were erroneously reported (12.9 %) (13 had a negative x-ray of the forearm
at the time of the alleged fracture, 10 had a forearm fracture before the follow up period,
three had a fracture in the upper arm), and we had recorded 166 of 176 forearm fractures

(94.3 %).

Power calculation

Prior to our study we made power calculations based on fracture incidence in
Trondheim, another Norwegian city {19]. Given our population size and an «=0,05 and
=0,20, it would be possible to detect significant relative risks down to 1,5 for forearm

and 1,9 for ankle fractures when stratified by gender.



Statistical analysis

Our main independent variable was height loss prior to follow up, and we
assessed this as difference between measurements in 1986/87 and 1979/80, and
categorised it as height loss or not. In some analyses we categorised height loss by z-
score. To choose which variables to adjust for, we checked variables which are known
or suspected risk factors for fractures (questions answered in survey III): Alcohol
consumption (frequency of consumption of beer, spirits and wine), milk consumption
(number of glasses each day), smoking (yes/no), menopausal status
(premenopausal/perimenopausal/postmenopausal), oestrogen use (current/not current),
age at menarche and first pregnancy, physical activity in leisure time and at work, last
fortnights use of analgesics and use of birth-conirol pills. We included one variable at a
time into a model with height loss, body mass index, age and mean height in survey I
and III, and assessed whether the relative risk estimate of height loss on fractures and
subsequent height loss changed. Then we included an interaction term for each potential
confounding factor. No interaction term for the potential confounders were statistically
significant. The final models contain all variables that changed the relative risk estimate
of height loss on fractures. The data was analysed by y%, Mantel-Haentzel-y2, Cox

proportional hazard regression and correlation analysis (Pearson) in SAS [20].

RESULTS

Height loss and subsequent fractures

The age of the study-population ranged from 28 to 62 years for men (mean 44.7

years, SD 9.3) and from 28 to 57 years for women (mean 41.9 years, SD 7.8) at the start



of the follow up period (January 1, 1988). Among the 12 097 subjects we found 922
persons with 1 048 verified fractures, of which 65.4% were categorised as low-energetic |
(table 1}. 26.6 % of the men and 14. 5 % of the women had experienced height loss of 1
cm or more between 1979/80 and 1986/87, and the proportion that experienced height
loss increased steeply with age (p < 0.001), although few had experienced height loss
above 2 cm (table 2). Height reduction predicted fractures among women (table 3}, but
not among men. Adjustment for age made the association between height loss and
fractures weaker. There was a suggested weaker effect among young women, although
the interaction was not statistically significant (table 4). Analyses with adjustment for
alcohol- and coffee consumption, smoking, educational level, physical activity in leisure
time and at work did not alter the relative risk estimates. Neither did analyses without
persons with height change above 2 cm, nor analyses with height loss as percentage of
body height or height loss measured as z-score in each age group. Analyses with height
loss as a continuous vartable did not turn out to be statistically significant. The relative
risk of fracture dependent on height loss did not show any relation to time since the last
height-measurement. Table 5 displays the characteristics of height loss considered as a

clinical test.

DISCUSSION

We have found that height loss is weakly associated with subsequent fractures among
women, but not among men. The relation 1s too weak to be used as a clinical test in a

middle aged population.



Selection bias, information bias and confounding

The eligible study population includes all regular residents in the described age
groups in Tromse. It docs not include those having migrated between surveys Il and III
(1979/80 - 1986/87), neither does it include students temporarily living in Tromse.
However, external validity should be good, as all regular residents of a «normal»
community is in the eligible population.

The potential for selection bias in the study is not large with 71 % of the eligible
population included in the analysis.

The height was measured to the nearest cm, and it was measured once at each
visit. Since the majority of those having changed height had changed only 1-2 cm (table
2), natural diurnal variation [11;21-23] and lack of precision have probably brought
misclassification, even though reliability of similar height measurements as ours have
been found very high [18;24;25]. This misclassification is certainly non-differential:
There is no reason to believe that height was measured differently according to future
fractures. Thus, the relative risk estimates are probably underestimated somewhat. We
also found that some persons had increased their body height, suggesting some error in
the measurements. However, analysing height loss measured as z-score did not change
the results, and diurnal variation might explain this finding [22;26]. Our height-
measurements are similar to measurements in clinical practice, making inferences to
general practice viable, even though measurements with a stadiometer might have
increased precision [11;21].

Misclassification with respect to registration of fractures is probably also non-
differential, i.e. it is not dependent on height reduction. Thus, even if we have missed
some fractures, this would not overestimate our relative risk estimates [27]. The

classification of trauma mechanism as high or low energetic was not planned when the



referrals where submitted, but even if it were, this classification would be crude,
because description and measurement of forces and moment arms in the trauma are
rather difficult to quantify. Again, there is no rcason to belicve that the classification of
trauma mechanism was dependent on degree of height reduction, thus the effect of
trauma mechanism on the relative risk estimates is probably underestimated. Another
guestion, 1s if the classification of fractures according to trauma-mechanism is very
meaningful in terms of classifying fractures as “osteoporotic” or not: A recent study
finds fractures after high-energetic traumas to be strongly associated with bone mineral
density [28].

Assuming that height reduction is partially based on vertebral fractures and
partially disc degeneration and increased spinal curvature {29;30], any risk factor for
fractures would be a potential confounder for the association between height reduction
and subscquent fractures, with the possible exception of physical activity, which may be
in the causal pathway from height reduction to fracture [27]. But even after adjusting for
most known confounders, earlier fracture 1s known to be an independent risk factor for
subsequent fractures of any type [6]. Some confounding will however always be present,
also after adjustment, due to unknown confounding factors and due to misclassification
of the factors adjusted for. We hypothesise that earlier fracturc and height reduction are
variables that sum up these unknown confounding factors, giving them possibly
predictive strength independent of known risk factors. (Other mechanisms that have
been proposed to explain the fact that earlier fracture predict subsequent fractures, are
bone loss as a consequence of a fracture, and mechanical deformity leading to changed

distribution of strain in the skeleton [6]).
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Height loss and fractures

We have found height loss to be associated with subsequent fractures among
womei in this young to middle aged population. This association 1s sironger with
respect to low-energetic fractures, and it 1s not dependent on time since the last height
measurement. Our findings are however marginal, and height loss considered as a
clinical test, 1s not good. And as height measurements with a wall mounted ruler have
been found reliable [18;24;25], they would probably not have changed much with more
precise and repeated measurements of height. The high negative predictive value refiects
a relatively the low cumulative incidence of fractures. Thus, we do not believe that
measurement of height loss is a clinical useful predictor of subsequent fractures at ages
below 62 years of age.

Earlier studies on height loss have mostly been on elderly persons, and height
loss has been shown to be strongly associated with vertebral fractures [9-14;31], but
only weakly or not at all with low spinal bone mass [13;32]. In these studies, a usual cut
off for height loss has been 4 cm or more. Furthermore, height loss was selffeported
(not measured), leading to potential for misclassification, which possibly is differential
(those aware of vertebral fractures are more likely to be aware of height loss). In our
population, only 0.5 % had lost 4 cm or more in height (from 1979/80 to 1986/87).
Studying the association between self reported substantial height loss and subsequent
fractures among elderly would possibly give different results from ours, although,
reported height loss among middle aged and elderly Norwegian has been found to be
only weakly associated to fragility fractures in a recent cross-sectional study [31].

Height loss was more prevalent among men than women our this study. This was
expected, since the incidence of vertebral fractures is higher among men until the age of

about 60 years [33].
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Table 1

Number of persons who suffered a fracture in the period from Jan. 1, 1988 to Dec. 31,

1995 among those that attended surveys 1979/80 and 1986/87."

MEN (N = 6 136)

WOMEN (N = 5 961)

FRACTURE LOCATION All  Low energetic(%) All  Low energetic (%)
All fractures 439 54.7 483 75.2
Non weight bearing skeleton 289 52.2 336 78.0
Wrist 71 60.6 192 88.0
Fingers and toes 175 44.0 114 56.1
Weight bearing skeleton 170 553 164 65.9
Ankle 57 71.9 76 73.7
Hip 12 50.0 20 75.0

® Persons might have more than one fracture, hence the same person might be found in
several categories of fracture. Thus, fractures at weight bearing and non weight bearing
sites do sum to more than the total of 922 persons with any fracture.
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Table 2
Distribution (%) of body height loss between survey Il and IlI (height 1986/87-height
1979/80) according to age group by start of follow up (Dec.31, 1987).

% of persons in groups of height loss (cm)
Agegroup by Mean change
start of follow up No height loss -lem -2cm <-3e¢m N of height (cm)
Men

28-37 84.4 13.4 1.8 0.5 1528 0.26

38-47 78.0 19.2 2.3 0.6 2239 0.07

48-57 65.4 28.9 4.4 1.3 1 544 -0.22

58-62 53.4 35.1 8.3 3.3 736 -0.49
N* 4 438 1337 208 64

Women

28-37 92.4 6.6 0.7 0.3 1 821 0.53

38-47 85.8 12.9 0.8 6.0 2436 0.28

48-57 771 19.7 2.2 0.9 1 566 0.04
N* 4 980 743 67 33

"N less than in table 1 because of some missing data.
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Table 4
Point estimates of the relative risk (RR) of low-energetic fractures dependent on body

height loss between 1979/80 and 1986/87 among women stratified by age at start of
follow up.

Age (years)

FRACTURE LOCATION 28-39 40-49 50-57
All fractures 0.7 1.4 1.3
Non weight bearing skeleton 1.1 1.4 1.3
Wrist 1.1 1.5 1.4
Fingers and toes 0.0 1.1 1.6
Weight bearing skeleton 0.0 1.7 1.3
Ankle 0.0 1.3 1.5
Hip * 2.8 09

* No hip fractures in this age-group.
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Appendix

Questionnaire; Tromso 1979/80 — Questionnaire | and [/}



English iranslaiion of the questionnaire used in the cardiovascular disease
study in Oslo* 1972-73, Norwegian counties 1974.78 {(Finnmark, Oppland
and Sogn og Fjordane) and Tromsg 1974,

English transiation; Mr. Kevin MeCafferty

Tick “yes/no™ or “yes”, as appropriate.

Part A

Have you, or have you had:
a heart attack?
angina pectoris (heart cramp)?
any other heart disease?
hardened arteries in the legs?
a cerebral stroke?
diabetes?

Are you being treated for:
high blood pressure?

Do you use:
nitroglycerine?

Part B
Do you have pain or discomfort in the chest
when:
- walking up hills or stairs, or walking fast
on level ground?
- walking al normal pace on level ground?

If you get pain or discomfort in the chest when
walking, do you usually:

(1) stop?

{2) slow down?

(3) carry on at the same pace?

If you stop or slow down, does the pain
disappear:

(1) within 10 minutes?

(2) after more than 10 minutes?

Do you have pain in the calf while:
- walking?
- resting?

If you get pain in the calf, then:
- does the pain increase when you walk
faster or uphitl?
- does the pain disappear if you stop?

Do you usvally have:
- cough in the morning?
- phtegm chest in the moring?

Part C

Exercise and physical excrtion in leisure time.
If your activity varies muceh, for example
between summer and winter, then give an
average. The questions refer only to the last
twelve months.

Tick “YES™ beside the description that fits
best:

{1) Reading, watching TV, or other
sedentary activity?

{2) Walking, cycling, or other forms of
exercise at [east 4 hours a week?
(including walking or cycling to place
of work, Sunday-walking, etc.)

(3} Participation in recreational sports,
heavy gardening, etc.? {note: duration
of activity at least 4 hours 2 week).

(4) Participation in hard training or sports
compelitions, regularly several times a
week?

Part D*

Do you smoke daily at present?
If"Yes™
Do you smoke cigareties daily?
(handrolied or factory made)

I you do not smoke cigaretles at present:
Have you previously smoked cigarettes
daily?

If "Yes™, bow long is it since you stopped?
(1) Less than 3 months?
(2) 3 months to ] year?
(3) V1o 5 years?
(4) More than 5 years?



For those who smoke or have smoked
previously:

How many years altogether have you

smoked daily? Number of years .........
Hew many cigasettes do you, or did you,
smoke daily? Give number of cigarettes per
day {handrolled + factory made)

Number of cigaretics ...

Bo you smoke tobacco products other than
cigarettes daily?

- cigars or cigarillos?

-2 pipe?

If you smoke a pipe, how many packs of
tobacco (50 grams} do you smoke per week?
Give average number of packs per week.
Number of tobacco packs ............

During the last year, have you had: (Tick
“YES" beside description that fits best):

(1) mostly sedentary work? (e.g., office

work, watchmaker, Hight manual work)

(2) work that requires a lot of walking?
(e.g., shop assistant, light industrial

work, teaching)

{3) work that requires at lot of walking and
filting? (e.g., postman, heavy industrial
work, construction)

{4) heavy manual fabour? {¢.g., forestry.
heavy farmwork, heavy construction)

Duriag the last 12 months, have you had to
move house for work reasons?

Is housekeeping your main occupation?

Have you withia the fast 12 months received
unictnployment benefit?

Are you al present on sick leave, or recsiving
rehabilitation allowance?

Do you receive a complete oz partial disability
pension?

PartE

Do you usually work shifis or at night?
Can you usually come home from work:

- every day?

- gvery weekend?
Are there periods during which your working
days are fonger than usual? {e.g.: fishing
season, harvest}

*I5y Oslo preset groups of cigareltes smoked
per day and packs of pipe tebaceo smoked per
day (sce original questionnaire)

Part F {alternatives: yes, no, don’t know)

Have one or more of your parents or sisters or
brothers bad a heart atiack (heart wound) or
angina pectoris {heart cramp)?

In Finnmark and Tromsp enly:

Are two or more of your grandparents of
Finnish origin? -
Are two or more of your grandparents of Lapp
origin?



MELDING OM SKIERMBILDEFOTOGRAFERING
OG HJERTE-KARUNDERS@KELSE

{Gjelder bare den person brevel er adressert til}

Skjermbildefotograferingen kommer nd til

Dares distrikt,

Tid og sled for Deres [rammole vil De finne
redenfor,

Ogs4 deane gangen vil en del av befolkningen

{4 tilbud om hjerte-karundersckelse. De lithorer
denna gruppe. En arientering om undersokelsen
er gitt i vedlagte brosjyre.

Yennligst Iyl ut sporreskjemact pd baksiden

.
og ta det med 4l vndersokelsen, Ta ogsd med
tuberkulinkort elfar helsebok, om De har,

Fravar bes eveniuelt meldt pd vediagte seddel.
Med hilsen
L. HELSERADET FYLKESLEGEN
STATENS SKIERMBULDEFQTOGRAFERING
Fedt dale Personnr. Kammune Heelsnr.
Farste
Lolstar
Motested Kjoan etiernavh Dag og date Kiokresietl e
SKRIY IKKE HER
. L¥g
1.5 Mo . = " i |_..4._‘. o F L } I

434205 03O



A

Har De., eller har De hatb:

Hlertelnfara‘.t? FE S ¥
Angina pectoris (hiertakrampe) ...... 1
Anren hiertesykdom ¥ 0L L L
Aceforkalkning i bena® , . ... .. "
H;‘erneslag? G e e 2
Sukkersyke 7 oL o Lo

Er De under behandling for:

JA[REL

NE|

Royker De dagliy for tiden 7.,

Hvis svaret var JJAS orrige sporamdl
biovor da pi forrige sporamdl,

Rorker De signretber daglig? ... . ...
(héndrultede elier fabr:kkframsh(t.c)

Hyis De ikke royker sigaretter nd, besvac di
Har Oe reykt sigaretfsr daglig tidligere T,

Hyis Da zvarte , .}.f\ hyvor lenge er det
siden De slutbeb?

f1

Hindre crin D mineder T

Hoyt bfod('.ﬁ;kk? AN
Bruker De -

A mbneder

- 181

5 Ar?

Nitroglyecerin® L L Lo oL

B

Far De smerter eller ubehag 1 brysbet nirDe:
Gér i bakker brapper eller fort pd {tal mark?
Gée i vanlig takt pd flat mark?

Hvis De {ar ter el bha brystet
v gang{a 'spng‘;re o ybe gi brys

4 Starmse? ... ... ..
2, Gaktre fame:n"’ R
3 Fortselte { samme La-<l-_7

Hvis De stanser eller s.‘mtner {arten,
forsvinner s mertene da:

1 Etler mindre gan 10 minutter T ...

2 Elter mar &nn 40 minuiter !

Far De smarter | tykxlaggan nar Des
G3-1

Hvis De far Jeggsmerter, besver da.:

Forvarres smartena ved raskece
tempa elier | bakker ?

Gir smectane seg ndr De stopper !

Har Da vanligvis:

Hoste om1 marganen?
3

Opss

Pyttt {ra bryse

T oM marganan ?

1
2
3 1 -
4

Marema D30 (L 0o

Besvares av dem som royker na eller har
roykt, tidligere s .
Anis
fa u[

Hvor mange or tilsammen har De
roykt daglig T .. ..

F ctanerr i

Hvor mange ,«gnre%ter royker eller
raylkkte De daglig Oppgl antall pr.dag o v
(handrultede + fabeikk framsti HIXS)

Reyker De noo annet ean sigorelber daglig?
Sigarer elier seruttes Jeiguriites |

Pipe T ... L.
Hwis De royker

ipe, hvor mange pakkcr‘
tgbakk(SOQromF

bruker De i pipy prouke?

Copai ng»nomsm.,,.hg ankall pakker Ffuxe.

C

Bevegelse kroppslig anstreagealse |
Dereg {rlotgidpp 9 9

Hvis aktivitetea varierer megel feks.
mellom sommer og vinter sfta et
ngAOmsnlbt.

Sporsmlat. glelder bare dek siste dret.

E

Har De vanligwis skiftarbaid ellee nattarbeid?,,

Karn Dea vantigvis komme hjom fra srbeidet
) 1

Mver dag? oo i i o1
Hyvar }‘ela? ........ ce e e P
Har De | perioder lengre arbcndsdager
crnvang‘f .
{ f.eks. wnder s:»ongF«_f,kQ,anAearuQ.d)

Har Da i lopat pv siste aret hatt)
Sektbkryss i den reten hyvor L JA  passer bk
{ Owveevitende stillasltiende arboid? .. o
(ks sirivebordiarb urmaktrart yrontaring}
2 Arbeid som krever st De glr mwe? L.
{f.aks, vrapaditoron  lowt industris b, untervivn)
3 Arbeid hvor De gir og lofter myeT ..
(foans portbud; Lympre indastdard |, bygsmgrare )
4 Tungh kroppearbeid T .o oo

[{ exs siograrteid, bungl jordbnktat terat
Bygn eyt

Par De i lopatav de siste J2mnd mEltel

ot

Selt keyss | den ruten hver JA"praser best.

1 Leser,ser 3 Liarmsyn eller anncn
P> Y
stitesitande ‘baskjeitigalse 1 .

2 Spaverer, syitler eller boveger Dem 3
Arman mdte minpt 4 timer {ukenl .
(He—'n medregnas oasn. gsng ellar a‘rki-nq)
Hi srbeidestedat, epndogsturer m.m.

3 Driver mos cmsndrc £, byngra I—a a-
aebaid 2 L. 7 v g J

{iytte

fra hjemstedet pd grumn av

{forandring i arbaldssituasiomenT ., ..

£r husrerarbald Qeres hovedyrke ? .
Hze Dei lopek av de sw(.o. 12 mnd f.’s
arbeidsledighatstrygd 7

Er Da for biden sykmelde, eller f8r De

atbforingspanger? .

Har De {ull eller delvis ufocepension 1.

(f"grk Al \nrk;omhc,{,c_n 5-’,‘.0! vare rvnn,l_)
Ltimer 1 ullan,

Tremee Racdt, eler driver konkurcanse -
idrett regelmauxg og f!erz. gaqger
i ukent .o

G

Har noen i Ceres hussiond Cutancm

AR SIS PN % et blrxeeserp wrder-

trnene hos osirkls egCn ettar fcrflge
T

hierte - kar undersclhelse

R TS

Har en eller {lere av foreldre elier sosken
hsit I-nlm—._euﬂ(arkl. (s5r p3 hjertet)
elige mngina pectoris Chjertekrsmpal? ?

Er Lo elier f{ur—e av Deces besteforekce

av finsk wit?

av samisk wkh!

Ee to eller {lerc v Oer‘es b:sbeforeldre




ADDITIONAL QUESTIONS FOR PERSONS ATTENDING THE MASS
X-RAY EXAMINATION IN TROMSE.

English anslation. Mes. Anne Claacy and Mr, Kevin McCaffeny

Together with the invitation fo altend you received a questionnaire from the
National Mass Rudiography Service. You delivered this questionnaire at the
exantinicion.

Cardiovascular diseases are, however, a complex group of diseases. The
causes are stili partly wnkuowa, In Tromso we are therefore trying (o obtain a
more complede description of factors which mey be of importance for the course
of these diseases, such as diet, psychological pressure {“siress”), social
conditions, and accnrrence of disease in relatives. We hope you will take the
troudle to complete this questionnaire as well, and reiurn it to the Tromso Board
of Health in the enclosed envelope.

Al informction in connection with the mass x-ray examination will be
treated as strictly confidential.

IYOUR OWNDIET 3, How many slices of bread do you
usually cat daily ?
1. Whal type of bread do you usually eat? Tick the most appropriate box; Fes
Tick the most appropriate box; Fes Less than two slices 8
White bread (e.g. French bread) a} 2-6 slices (=}
Ordinary bread (light texture) 0 7-12 slices 0
Whele meal (brown) bread Q 13 or more slices [
Home-made {brown) bread 8]

4, What type of milk do you usually drink?

I, What type of butter or margarine do you Tick the most appropriate box; Yes
usually eat? Do not drink mijk £l
Tick the most appropriate bex; Yes Full cream miik: erdinary type
Butter ] or curdled 0
Ordinary margarine a Skinumed milk: ordinary type
Plant margarine | or curdled ]
Soll margarine spread 0 Mixture of full cream and skimmed

milk ]

3. The drawings below show cubes of butter or margarine(actual size).
Tick the box above the cube which best resembles the amount you spread on a slice of bread,
If in doubt, try buttering a slice.

Do not use butter or margarine 3

1.0 2.0 30 4.0

7 9 (7 (7



6. How many glasses/cups of milk do vou
usvally drink daily?

Tick the most appropriate box

Do not drink milk, or drink less than

1 glass feup

1-1 glasses

3-4 glasses/cups

5 or more glassesfcups

Yes

0500

7. How many cups of ceffee do you usually

drink daity?

Tick the most appropriate box

Do not drink ceffee or drink {ess than
[ cup

b~ cups

5 -8 cups

9 or more cups

8. Arc you a teetotalier? Yes Ao

0
If “No™:
How often do you usually drink beer?
Tick the most appropriate box
Never or just a few times a year
Once or fwice a month
Aboul ence a week
2-3 times a week
Morc or less daily

How often do you usually drink wine?
Tick the most appropriate box

Mever or just a few times a year

Once or twice a month

About once a week

2-3 times a weck

More or less daily

How eflen do you usuatly drink spiriis?
Tick the most appropriate box

Never or a just few times a year

Once or bwice a month

About once a week

2-3 times a week

More or less daily

Yes

Ooao

3moamn e

F T ot T 0 M

Doana:

m
i

™
"

)

9. Approximately how often during the past 12
months have you drunk so much wine, beer or
spirits that you got drunk?

Tick the most appropriate box

Have never been drunk, or have not Yes
been drunk during the past year 0

A few times during the last year 0
Once or twice a month [
Once or twice a week u]

3 or more times a week a

10, How often docs your main meal consist
of fish or fish dishes?

Tick the most appropriate box
L.¢ss than ence a week

Once or twice a week

3 -4 times a week

3.6 times aweek

7 days a week

s

es

oooDoag

11, How often do you eat fruit or vegelables?

Tick the most appropriate box Yes
Never eat fruit or vegetables 0O
A fow times a year u]
Once or twice a month ]
About once a week (3
210 3 times a week G
More or less daily 0

12. How many times a month do you eat
botled sausages or fried meal balls, processed
meat, eic,?

Ticx the most appropriate box Yes
Never or less than once a month ()]
Once or twice a month ]

3 - 4 times a month (up 10 once a week) [
5 - 8 times a month (up 1o twice a week) O
Miore than 8 times a month, (more than

twice a week) 0

13, Have vou made any changes in your dict
during the last 5 years as regards the following
food items?

Tick each item in the appropriate box
As More Less
before now  now

Ordinary margarine or butter:
Skimmed milk :

Lean meat:

Full cream mitk;

Sova margarine (soft):

Fatly meat:

[OEI 0 20 10 I
oocooognn
CoDooCca



I OWN ILLNESSES PAST OR
PRESENT
Tick the appropriate box "Yes" or "No™

. Have vou ever had ? Yes No
- Sudden paralysis of numbness

on one side of your face er body.

in your hand or foat 0o

-Sudden loss of ability (o speak 0 0

~Sudden ioss of eyesight, complete

or partial, or sudden onsel of double

vision 0o

F5. Have you had a pepiic ulcer? Yes Ao
G o

Do you oficn hiave a gnawing pain in

the upper part of your stomach? 0o

Do you suffer much from heartbum or

regurgitation of gastric juices? g o

Bo you sulfer much from wind

and rumbling in your stomach? 0o

Do you often get cramps in your

stomach 7 00

Have you ever had your large

intestine x-ruyved? J 0

Have you ever had gall stongs? 00

16. Have you had kidney stones or

stones in the wrinary tract? Yes Ao
0o

ifves, how many times? ...

and

17. Have you cver had cancer?
If “yes™, in what year was the
disease discovered?

18, Do vou have, or huve had you the skin
discase psorinsis? Yes Ao
0o

19, Have you had allergy-induced eczema
on your hands during the lass Yes No
12 months? 00

20, Have yvou been on sick feave, or been
unable to work due to atlergic cczema on vour
hands at any time during the past 3 )‘cars?-
Yes No
a o

Yes No
a0

21. Have you ever had arthritis?
{chronic theumatoid arthritis)

22, Have you suffered from back pain during
the past 12 months lasting for more than 4

weeks? Yes No
00

If "Yes” did the back pain Yes Ao

improve if you exercised? 0D

" 23. Have you suffered from morning stiffness

Yes No
00

in your back lasting more than
30 minutes?

24, Have you suffered from pains lasting more
than 3 menths, in the joints listed below

during the last 3 years? Yes No
Knees: o
Elbows: c
Innermost finger joints: O G
Other joints: C O

if "Yes”, did you suffer from stiff joints in the

mornings {asling more than Yes No
30 minutes? 0o
25. Have you had any infectious Yes Ne
diseasc during the past 14 days? GG
(influenza , common cold ,

vomiting, diarrhoea, ¢tc.)

26. Have you taken iron tablets Yes No
during the past 14 days? 50

27, How often do you take painkillers such as
Globeid, Novid, Disprii, Alby], ete.?

Tick the appropriate box Tes
1 -3 times a week g

1 -3 times a moath 0
Seldom or never 3
Have you used such painkillers Yes No
during the past B4 days? g0

28, Have you changed the amount of physical
excrcise you take in eisure during time the
tast five years?

Tick the most appropriate box. Yes
As belore J
More than before |
Less than before a



HI ILYLNESS IN PARENTS AND SIBLINGS
29. Have any of these relatives had:

Cerebral stroke or brain hacmorrhage

Diabetes

Arthritis (chrenic theumatoid arthritis)

Cancer

Kidney stenes or stone in urinary tract

Psoriasis

Peplic ulcer

Nene of the above-mentioned ilinesses

mother father sister brother
[} 8] 0 ]
(0] 0 0 u}
0 ] u} 0
0 0 0 0
0 0 0 o]
0 O ja] 0
il u] W} [
a a 0 0

IV _SOCIAL CONDITIONS AND
PSYCHOLOGICAL PRESSURE
“"STRESS”

30. How many years schooling have you
had? (including sccondary and falk high
schools) number of years ...

31. What was your family’s financial
situation when you were growing up?

Tick the apprepriate box Yes
Very good 0
Cood 0
Poor 0
Yery poor 9]

32 .Do yeu suffer from Yes No
sleeplessness? 00

If “yes™, atwhat time of the year de you
suffer from sleeplessness?

Tick the appropriate box Yes
No particular time g
Especially during the ‘dark time” (-
Especially during the arctic summer
(midnight sun) G
Especially in spring and autumn a

What form vour slecplessness take?

Tick the most appropriate box Yes
Difficult to falt aslecp at night? £
Wake up a ot during the night 7 0
Wake up very early in the moming? O

33, Have you had difficulty sleeping in the
past couple of weeks?

Tick the most appropriate box Yes
Not at all u}
No more than usual 0
Rather more than usual G
Much more than usual 0

31, Have you felt unhappy and depressed
during the past couple of weeks?

Tick the appropriate box Yes
Not at all Q
No more than usual G
Rather more than vsual 0
Much more than usual ]

35, Have you felt unable to cope with your
difficulties during the past couple of wecks?

Tick the appropriate box Fes
Notatall ]
No more than usual G
Rather more than usual 0
Much more than vsual ]
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QUESTIONNAIRE . TROMSE
SURVEY 1986-87

English translation; Mrs. Anne Clancy and
Mr, Kevin McCalferly

AFAMILY
Have one or both of your parenls, or any of
your siblings (brothers and sisters) had a
heart attack or angina pectoris
(heart cramp)?
Yes No Don’tknow
o Q0 0

B OWNILLNESSES
Have you, or have you had: Yes No
A heart atlack? o
Angina pectoris (heart cramp) 7 O
0
W]

A cerebral stroke?
Diabetes?

Arc you receiving treatment for;  Yes No

High blood pressure? i o
Do you use nitroglycering? onon
CSYMPTOMS

Do you get pain or discomfort

in the chest, when: Yes No
Walking up hills, stairs or walking

fast on level ground? c o
Walking at ordinary pace

on level ground? oD

If you get pain or discomfost in vour
chest when walking. do you usually :

Yes
Stop o
Slow down 0
Carrv on at the same pace 1

il vou stop or slow dowsn, does the pain
disappear;

Yes
Afler less than 10 minutes?
After more than 10 minutes?

D EXERCISE
Excrcise and physical exertion in feisure
time. If your activity varies much, for
cxample between summer and winter, then
give an average. The questions refer only to
the last twelve months.
Tick "ves™ in the most appropriate box:
- Reading , walching TV or other Yes
sedentary activity? O
- Walking, cycling or other forms of
exercise at least 4 hours a week?
(including walking or cycling to place
of work, Sunday walking ,etc.) 0
- Participation ir recreational sports,
heavy gardening. etc,? (Note; duration
of activity at least 4 hours a week) 0O
- Participation in hard training or sports
competitions regularly several times
aweek? 0

ESALT/FAT

How often do you use salted meat or
salted fish for dinnee?

Tiek the apprapriate box Yes
Never or less than once a month
Once a week or less

Twice a week or tess

More than wice a week

o I I v

How often do you add extra salt to

vour dinner 7

Tick the appropriate box Yes
Rarely or never ]
Sometimes or often d
Always or nearly always 0

What type of margaring or bulter do
you usually use on your bread?

Tick the most appropriate box Yes
Do not use margarine or butter
on bread

Butter

Margarine

Soft (soya) margarine spread
Butler/ margarine mixtures

oo oQ

What type of cooking fat do you
normally use in yvour houschold ?
Tick the appropriate box.

Buiter or hard margarine

Soft {sova) margarine or oil
Butted/ margarine mistures

BOuy



F_SMOKING

Do you smoke daily at present?  Fes Vo
If “Yes*: c a
Do you smoke cigarcties daily? 00 0
(hand-rolled or factory made)

If you do not smoke cigareltes at

present:
Have you previcusly smoked Yes No
cigaretles on a daily basis? 0 a

I{*¥es™, how long is it since you

gave up smoking 7 Yes
More than 3 months? 0
3 months 1o 1 year? |
1-35 years? 0
More than 5 years? {

The following questions are to be answered
by those who smeke at present or who have
smoked previously.

How many years altogether have vou
smeked on a dally basis:

How many cigarettes do you smoke or did
you smoke daily;
(hand-relled + factory made)

Do you smoke anything clse other than

cigareties daily? Yes
Cigars, cigaritles, cheroots 7 0
Pipe? hl

if you smoke a pipe. how many packets of
tobacco (50 gr.) do you smoke in a week?
Give the average number of packeis a
week:

G COFFEE

How many cups of coffee do you usually
drink datly?

Tick the most appropriate box  Jes

Do not drink coffee, or less than

one cup 0
1-4cups 3
3-8 cups N
9 or more cups ]

What type of coffee do vou usually
drink daily?

Coarse ground colfee for brewing
(boiled)

Finely ground filier coffee

Instant colfce

Caffeing free colfec

Do not drink coffce

LS 0 O o

H EMPLOYMENT

Have you received unemployment

benefit within the past " Yes Mo
12 months? 0 a

Are you at present on sick feave,
or receiving rehabilitation

allowance? a o

Areyouon a full time or partial  Yes No

disability pension? 0 0
Do you usually work shifts or
do night work? o g

During the past year have you had :

Tick the most appropriate box,  Yes

- Mostly sedentary work? (office
work, watchmaker, Jight manual
work) 0

- Work requiring a lot of walking?
(shop assistant, light industrial
work, teaching } a

- Work requiring 2 lot of walking
and lifting? (postman, heavy industrial
work, construction ) 0

- Heavy manuat labour?
{forestry, heavy farmwork, heavy

construction) u]
Is house-keeping your main Yes No
occupation? c o

1 FOLLOW - UP EXAMINATION

Has any one in your houschold {other than
voursell) been called in fo a doctor for
further medicat cxamination

afler the previous cardiovascular  Yes No
discase survey? 0O G

if as a result of this survey you need farther
medical examination, which general
practitioner do you wish 1o be referred to0 7
Write the doctor’s name here:

No particular doctor



Helseundersokelsen kommer 03 til Deres distrikil.

HELSEUNDERSUKELSENI TROMS®
{Gjelder bare den person som brevet er adressert til.) Tid og sted for frammnie vil De finne nedenlor.

De {inner en orientering om undersekelsen i
dan vedlagte brosjyren,

Vi ber Dam vennligst Iylle ut sporreskjemael pa
baksiden og ta med delte lil undersokelsen.

r ""] Vi ber Dem eventuelt melde fra om fravzer pd
den vediagte fraveersmeldingen.
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FYLKESLEGEN | TROMS UMIVERSITETET 1 TROMSO
STATENS HELSEUNDERS®KELSER
Fodl dato Personar Fomang Kretsrv.
Forste
bexstav i
Kalgsted K;onn etenavn Dag og dale Kiokkesletl
FUENN N R N PR T L% VU U [ (W TR T S [y O [ W 0 |
BN EnT RHM TS M 4 o KODE 75 VK ARIA KIAN ZPPNR TS b2
MALING 1 MALING 2 MALING 3
AAH $ LIAS s 1IASE 5
SRS B Jo | o |
Y T w3 [} HR 3]
. : 1 1 r
‘M'C3L__WJ'35 !ms‘ Ju: lr Jns }\ns




Har en eller tiere av foreldre eller sosken hatt
hjerteintarkt {sir p4 hjertet} eller angina
pectaris {hjertekrampe)?

ITYTTRY)

Har Do, eler har De hatt:

Hiesteintaekt? e
Angina pectoris (hertekrampe)?
Hierneslag? ..
Sukketsyka? .

Er D¢ under behandling for:

Hoyl blodirykk? Lo toae 17
Bruker De:
Niroglycerin? ... e 14

Far D¢ smerter elier ubehagi
GAr i bakker, trapper eller

tort pd Nal mark?...... ..
G i vanlig takt pd Nat mark?......

.0

Dersom De [ar smerter eller vend!
ibrystel ved gangs, pleier De da:
Sioppe? ...
Saxtne latten?
Forisetie | samme takl?
Dersom De stopper eller saktner fa
gdr da smerlene bork:

Eres mindre enn 10 minuiter? . U+
Euer mar enn 10 minuller? .

Har De vanligvis:
Hasia ammorganen? .. reeesreees 23

Oeosayll ha brystel om morgenea?
2 ot

Bevegelse og kroppslig aktivitet i Deres fritid.
Dersam aktiviteten varierer mye, f.eks. mellom
sommer og vinter, 5% ta elt gjennomsnitl,
Sporsmalet gjelder bare det siste Sret.

Selt heyss 1 denrulgn 50m passer best,

veser, ser pa Hernsyn eller annes

siutesuiends beskjeltigelse? ... AT

Spaserer, sykler elier bevegar Dem pa

annan mite minst & hmer i uken?

[He 42! De ogsd regre med gang ete?

5,4 g W abendssiedel. sondagsivrer Frn)

Orvar mosjonsidrelt, tyngre hageasdeid el? .
a3t akbuileien skl ware i pnst

a0 1 pkign)

Trener hardt elier dnver konkuzranseidret!
essig 0g fiere ganger i uken?

Hvor ofte bruker De salt kjott
alter salt fisk 4l middag?
Seit a7y s 0 don cuten $0m passer best.

Ade: eiler sjeldagre enn en gang

(mMynesen
i gn gong i ukan
to ganger tuken ..

¢ enn lo gangeriuken .

Hvor ofte pleier De 3 stro ekstra salt
p% middagsmaten?

el w551 dan pulen $om passer best.
Sieden ellee aide . [T o
Loz og Ul elier olie ...
Aond elier nesten alitd
Hva slags margarin elier smor bruker De
vanligvis pi bradet?

Selt heyss o den rylgn SOM passel best
pd brod

Bruker ikke smor eller margatn

Ha:zd margarin ...
Liyk {Soli) margann
Smor/margann blanding

Hva stags fetl blir vanligvis bruk? til
mallaging | husholdningen Deres?

Qeitwepts o gun ruten som passer best
Sar eder hard margann ..
tiyn |Soft) margarin cller alje
Seact ‘margann blanding

.29

ds el

Royker De daglig for tida?...,

I

Dersomm svaret of «JAs, svar da pd dette:

Royker De sigaratter doglig?
{handrullede eller loneixulremstilte)
Dersom De Ikke royker sigoretier nd,

svar da pd dette:

JA [P‘El

Har De roykt sigacetter daglig lidligere? ..

Dersom De svarte wJAs, hvor lenge er det

da siden De slultet?

Kindre enn 3 maneder?

3 manader — 142 .,
$~54r7 ...
Merenn 6 &7 L.

Skal besvares av de som royker
n3 eller som har roykt tidligere:

Hvor mange 8 il sammen har
De roykt daglig?

Hyor mange sigaretter royker efler

roykie De daghg?

Gt opp amallel sigarelter doglig ..,

{rdagniltede ~ labrikkiramsliite}
Royker De noe annet enn sigaretter daglha?

Sigarer elter serulier/sigarillos? .,

Dersom De royker pipe, hvor mange pakker
tobakk (50 gram] bruker De | pipen
pi enuke?
Gi opp giennomsaitilig tall pd
pAKKEr FUKEN L.

Hvar mange kopper kalle drikker De

vanligvis hver dag?
Sott hryss i den rulen som passer Dest

Orikker ikke kallg, elter mindze

BB

HEEER

. oE LN -

]

(1

O R -

eAn enKOPPR oreeeniinnn .
1 - 4 kopper
5 -~ B kopper ... .
9 eller Hlere kopper ... .
Hva slags kalle drikker De vanligvis hver dag?
Kokexatle 45
Filierkalle
Pulverkalle .
Koltoinkri kalle .
Drikket ikke kafle ..
7103

T

Har De i de siste 12 mdnedene
1311 arheidsledighelstrygd? e v

Er De lor liden sykemeld, elter

& Do atlonngspenger? L. .52

Hae Da 1l efler delwis ulprepension? oot 53

Har De varligvis skltarbeid eller
nattarbed

Har De | det siste &red hatt:

Seu wryss i den rulen som passer best.
For det meste stillesittende arbeid? L.
{! ehs. shavebordsard, wmakarard, mantening)
Acbede som krever at De gdr mye? o
{f ¢hs, exspeditorard, fell industriark,, undgecvisn }
Arbeide det De gir og lpflter mye? ...,
(! eks. postbud, tyagre sndusteiart., bygrngsark )
Tungt kroppsarbeid? ...
{Leks sx0gsarb. tungl jordbeuksarb,, tungt bygningard.)

55

Er husmorarbeid hovedyrkel Deres 55

Hat noen i hussianden Deres {ulenom
Dem salv) vaert inakalt 1 nzermere unders
soketse hos lege etier den siste hjerle-
karundersokelsen?

Dersom denne helseundersokelsen viser st
De bor undersokes nermeret Hvitken almen-
praktiserende lege ensker De de &

bl henvist til?

Surv rdwenet pd tegen bet

-

PPPPTTRS ]

PR

Sigaretter
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ADDITIONAL QUESTIONS THE
TROMS(O HEALTH SURVEY,
1986 - 87,

Enplish trnskition. Mrs, Anne Clancy and
Mr, Kevin MeCalferty

Cardiovaycular heart and circilatory
diseases, on which the surveys of
1974 and 1979-80 focused, are «
very varied  caregory  of diseases
whose  cawses  are  still partly
uwiknewn., I fromso  we  are
therefore trying to obtain a more
complete  deseription of  factors
which meay be  important for the
course of these diseases, such as dies,
psyehiolugleal  pressure,  “siress”,
sacial conditiony and the eccurrence
of disease inorelatives, Such @
escription iy alse  important in the
search for factors that contribute to
caneer, a group of  diseases which
we will alse be  trying to combat in
the coming years,

When you were called i, you
received a questionnaire which you
handed in at the survey. The present
questionnaire  asks  for  further

GENERAL STATE OF HEALTH
How is your health?

Tick the apprapriare box. Yes
Very bad a
Bad |
Neither good nor bad. "middling” D
Good 8
Excellent u}

information about your health and
includes  questions  on  various
diseases  and  physical  and
psychological complaints,. We have
included guestions on pregnancy,
birth and menstruation.

In addition, we are inferested in
obtaining information on the public
use of medical services in order to.
Jind out how to improve the health
service.

We hope that you will take the
trouble to  fill in yet another
questionnaive  and refurn it (o
“Tromsa Board of Health” in the
enclosed envelope. Al information
will be treated in strict confidence.
If you herve any commenis 1o make on
the survey, you may write them dewn
in the space provided on the last
page of the questionnaire,

Yours sincerely

Tromso Board  Department of

of Health Medicine,
Uniiversity of Tromso
ILLNESS

Have you/ have you had: Tick
“ves” or “no” for cach question.  Yes Ao
The skin disease psoriasis?
Asthma?

Allergic cezema?

Hay fever?

Chronic bronchitis?

Stomach uleer?

BDuodenal ulcer?

Your appendix removed?
Anoperation for a stomach wleer?
Chronic rheumateid anbrilis?
Cancer?

Epilepsy?

Migraine?

goodoooooocoooo
oo oOUooOOoORoODo



INFECTIONS CONTACT DUE TO OWN HEALTH

How many times in the Jast 6 months have OR ILLNESS
you had infections like a cold, influenza How many visits have you made during the
(N diarrhoeasvomiting. or simitar past year due to your own health or iliness ?
itlnesses 7 Number of times t.o... Number of visits
To a GP{general practitioner):
Have you had one of these Yes No To a specialist, (non hospital):
infection in the past 14 days? O G Emergency GP
Medical officer at work :
Physiotherapist:
JLLNESS IN PARENTS OR SIBLINGS Chiropractor:
Tick the appropriate box for relatives that Nature healer(homeopath ete.):
have, or have had the following itlnesses: Hospital outpatient department
. Number of hospital
Mothee Father Brother Sister admissions in the past year:
Cercbrad stroke or
brain hacmorrhage: (ST S & DIET
Diabaes: 20 86 0 How many slices of bread do you usually
Rhewmatoidarthwitis, 2 0O O 0 eat daily 7
Cancer: R Tick the most appropriaic box. Yes
Psoriasis: o0 4oa Less than 2 stices d
Stomach or duodenal 2 . 4 slices 0
ulcer: S0 490 5 - 6 slices u
Asthma; I O o 712 slices 0
13 or more slices a
Tick the appropriate box if neither vour
parents ror siblings have or have What type of milk do you usually drink?
had any of the above Yes No Tick the most appropriate box. Yes
itlnesses. o o Do not drink milk 0
Full cream mitk
{ordinary or curdied } a
RIEDICINES Light mitk a]
Have vou during the last year used tablets/ Skimmed milk
sprays or had injections Yes No (ordinary or curdied) 0
for asthma or atlergics? 09
How many glassesfcups of milk do usualty
Have vou used any of the following drink daity? Yes
medicings in the past 14 days?  Fes Mo Less than | glass’cup 0
Painkillers; | - 7 plasses/cups d
Anlipyretics {to reduce fever): 3 - 3 glasses/cups 0
Eczema ointment: 5 or more ngSESI'CUpS 0O

Blood pressure medication:
Heart medication:

Sleeping tableis:

MNerve tablets:

Migraine medication:
Epitepsy medication:
Other medicines:

FiSHE
How often do you eat cod. coal fish, red
snapper or other lean fish for dirner or in
a sandwich?

Tick the inost appropriate box Yes
Less than once a week
Once aweek

Twice g week

3 or mere limes a week

aUouoUooOooe
gooUuooooog

ooaoo



How often do you cat cod/pollock or other FRUIT

lean fish for dinner or in 3 sandwich? How often do you usuaily eat fruit 7
Tick the most appropriate box, Yes Tick the appropriate box.
Less than once a week 0 Less than once a week ]
Once a week o About once a week 0
Twice a week G 2 -3 limes a week 0
3 ormore times a week 0 4 - 5times a week o
More or [ess a
How often do you cat fat fish, such as
herring. halibut, mackerel, satmen or trout
for dinner or in a sandwich? ALCOHOL .
Tick the moxt apprapriate box Yes Are you a tectotaller? [l]es No
giisc[f:':l:::llcc aweek g If “not™, how often dn'g.'ou drink beer? .
Twice o week o 7]7ck the most appropriate bo:x Yes
3 or more times a week 0 Never orjusta few times a year G
Onee or twice a month 3]
Do you tahc cod liver oit reguiarty? Abeul ance z week ]
Tick the most appropriate box Yes 2~ 3times a week G
No G More or less daily |
‘Dark-time" (mid-winter) s
All year 0 How often do you drink wing ?
Tick in the most appropriate box Yes
Never or just a few times a year 8]
BREAKFAST Once or twice a month o
Do you usually eat breakfast Yes No About once a week ]
every day? 03 2 -3 times a week a
More or less daily ]
DINNER How often do you drink spirits 7
How ofien do you cat meat for dinner? Tick the appropriate box Yes
Tick the apprepriate box FYes Never or just a few times a year u]
Less than once a week v Onee or twice a month 0
Once or twice a week G Approximaltely once a week 0
3-4times a week ™ 2013 times a week 0
3 ormore times a week C More or less daify v

Approsimately how often in the past year
have you drunk alcohol corresponding to at
least 5 small bottles of beer, a battle of

How often do you usc fat like butter,
margarine. mayonnaise. cte. with your

dinner? : . .
Tick the most appropriate box Yes “...mf:' oF a quarter bcll!c of spirits? .
Less than once 3 week G 7:‘(‘f\ the most appropriate box Yes
Once or twice a week a Not at ‘1_“ the past year c
3 -4 tiies a week [ A fow zlmc.s a
3 ormore times o week G Once or i\\’ch & manth -

3 or moce times a week ]

Do you usually cat vegetables Yes Vo
with your dinner? 30



PHYSICAL ACTIVITY

How often do you take part in physical
activity lasting at least 20 minutes, which
makes you perspire or become breathless?

Tick the appropriate box. Yes
Rarely or never 3
Weekly .
Scveral times 8 week 3
[aily G

Il you usually take part in this {ype of
activity at Ieast weekly, how much time do
vou spend exercising?

Tick the most appropriate box, Yes
Less than 30 minutes a weck rj
Between 30 minutes and

one hour weekly a
Between § and 2 hours a week il
More than 2 hours a week 0

CHANGE IN DIETARY HABITS AND

OTHER HABITS

Have you changed any of the following

habits during the last 5 years?

Tick the appropriaie box. Use now
More As before Lvss

Dietary fat

Soya margarine or oil
Skimmed or low fat milk
Coffec intake

Alechol intake

Physical activity

10008 0o
oooopn

Moo

L

MARRIAGE / PARTNER
Arc you marricd or “living Yes Ne
together? 0o C

How old were you when you first married
or moved in with a partner?  age: ...

HOUSEHOLD
Hosw many persons live in your household ?
Number of persons T L

Is anvonc in your household Yes Mo
10 years or younger? [

Docs anyone in your houschold

need special eare/assistance? Yes No

(Other thon the children} [

SCHOOLING

How many years schooling have you had?
(include secondary and folk high schools)
Number of years: ...

EMPLOYMENT

Have you had paid work this past year?
Tick the appropriate box Yes
Full-time work w}
Part-time work Q
Unpaid work O

How much house work do you normally do
yourself 7

Tick the appropriate box Yes
All or almost all 0
At least half ¥
More than a quarter 8]
L ess than a quarter 0

BACK AND JOINTS CONDITIONS
During this iast year have vou suffered
from backache that has lasted longer

than 4 weeks ? Yes Mo

o o
If~ves". doas the pain Yes Mo
improve when you exercise? o o

Have vou suffered from merning stiffness

in your back lasting mere than

30 minuies? Yex No
o o

During the past 3 vears have vou suffered
from pain in any of the following joints

lasting more than 30 minutes 7 Yes No
kces o o
Elbows a .
Innermost finger joints 0 o
Other joints g o
1f "yes ", have you suffered from stiff

foimis in the momings kasting Yes No
more than 30 minutes? 0 a



NECK HEAD AND SHOULDER
COMPLAINTS

How often do you suffer headache?
Tick the appropriate bux Yes
Rarely or never

Once or bwice a month
Once or twice o week
Daity

oDaoo

How often do you suffer pain in the
neek or shoulder?

Tick the apprapriate hox

Rarely or never

Once or twice a month

Onec or twice a week

Daily

onooon

Do these complaints inhibit vour
ability 1o werk?
Tick the appropriaic bax. Yes

Litle or no effect 0

To some degree 0

TFe alarge degree 0

Cannot do ordinary work 0

Have your back, shoulders, and Jor

neck ever been x-raved? Yes No
o o

SLEEPLESSNESS/1.OSS OF

CONSCIQUSNESS

Have you ever sulTered from Yes Mo

sleeplessness? g G

If “ves™, atwhat time of the year do you
usually suffer from sleeplessness?

Tick the appropriate bhox Yes
No panticutar time [
Especially during the “dark time” D
Especially during the arctic summer
(midnight sun) fl
Especially in spring and autusin O

Have you at any time during the last 12
twelve months suffered from tiredness

that has alfected your work Yes No
performance? O o

Have you suffered from sudden loss of
consciousness in the pasit year?  Yes Ao
0 0

Have you noticed sudden changes in
your pulse rate or heartbeal in Yes No
the past year? 0 o

REACTION TO PROBLENMS
if you have major personal problems, do
you expect 1o get help and support from

your speusc or family? Fes No
00

In the tast ycar, have you long felt a need 10

seck help with personal problems, without

doing so? Yes No
0o o

During the past 2 weeks have you felt
unable to cope with your probiems?

Tick the appropriate box Yes
Seldom or never G
Sometimes 0
Often O
Nearly always 0

During the past 2 weeks have you felt
unhappy or depressed?

Tick the appropriate box }
Setdom or never

Sometimes

Often

Nearly always

g
"

ooao.:.

Do you ever feel lonely?
Tick the appropriate box
Very often

Sometimes

Rarcly or never

[

oo oe

£



THE REMAINING SECTION OF THE
QUESTIONNAIRE APPLIES TO
WOMEN ONLY.

MENSTRUATION
How old were you when you started
menstruating? AZES v

When did you start  {date, month, year)
your last period?

How many days usually pass from the first
day of one period to the first day of your
next period (the time lapsed between the
start of two periods)?

Number of davs: ...

Dofdid you menstruate regularly? Yes No
0o

Do you usually need pain- Yes Mo
killers during menstrustion? oo
PRE-MENSTRUAL TENSION
Do you have any of the following
complaints before your peviod?
Arc you depressed or imitable?
Tick the appropriate box Yes
Hardly at all a
Noticeably G
Very much so C:
Are your breasts painful?
Tick the appropriate box Yes
Flardly at afl o
Noticcably C
Very much 50 0

Bo you have swollen hands/fect, put on
weight, or feel bloated?

What type of medication do you use for
these complaints?

Tick the appropriate box. Yes
Diuretics ' 9]
Other medicines a
PREGNANCY

How many children have you had?
Nuniher of children .

tlow old were you when you got pregnant
for the lirst time? Ager

CONTRACEPTION
Do you now usc or have you ever used the
contraceptive pill or an intrauterine device?
Yes No
g a
If “ves ™, for how many years allogether
have vou used: Number of years
The pill:
An intravtering deviee:

How old were you when you started using:
The pill: age! ...
An intrauterine device: a2 e

If vou stopped tking the pili, did 6 months
or morc pass without menstruating {having
a period). witheut vour being pregnant?

Yex No
g oo
Did vou have to stop taking the pilt duc to
high blood pressure? Yes No
4 0

Tick the appropriate box. Yes .
Hardly at all G CERVICAL SMEARTEST
Noliceably o How many times have vou had a cervical
Veey much so o smear test in the last 3 years?
) : ) . . Nunber of times:
Do the complaints disappear Yes No
, . el o - .
when you get your period? Lo How many vears is it since you
had vour lust cenvical smear test 7
Number of yearss ...
Connnents
Thank vou for your help! Remember o post the questionnaire today!

The Tromso survey 1986-1937,



Tilleggsspersmal til
Helseundersekelsen i
Tromse 1986-87.

Hierte-karsykdomer-ene, som  Hjere-karundersekels.
ene ¢ 1574 og 197v-80 spesiell lok opp. er en mange-
antel sykdomsg-uppe med tildels darlig kjente drsaks-
torhold. 1 Tromse vil vi dedor forsake & 13 en mer
fulistendhg kartlegging av forhold som kan veere av be-
tydning for sykdommens forlep, f.eks. kosthold, psykisk
prass wstresss, soswale forhold og sykdomsforekomst
blant slekininger. En slik kartlegging er ogsA viklig for 4
finne fram ul sykdomsskapende forhold for kreftsyk-
dommeng, som er en sykdomsgruppe vi ogsa vil prave
& hekjempe i drene som kommer,

Sammen med innkallingen fikk De ot sperreskiema
som Deleverle ved undersakelsen. Dette sperreskjema
kartlegger helseforhoidene bedre og inkluderer
spersmal om noen forskiellige sykdommer og fysiske/
psykiske plager. Spesielt er det fatt med spersmal
vedrorende svangerskap. fedsel og menslruasjon,

Hverdan er Dares helselistang?

Selt keyss « den rulen der «Ja- passer best, Ja
Meget cihg | A 12 (Lis
Dadg . . . . P
Hverken god eller ¢arhg. middels a
Bra 4
Utmerket s

Har De. gller har De hait

Kryss av ~Ja- efler -New for hvert sparsmél Ja  Nei
Hudsykdommen pscriasis 13|
Astma 14
Allergisk exsem 15
Hevsnue 16
Kromisk bronkit 17
S&r pd magasekken . 18
Sar pi tohvfingeriarmen .. .18
Bhindtarms-operasion 20
Magesirs-operasion 21
Leddgikt {kronisk revmalcid artritt) 22
Krelisykdom . . 23
Eptepst (faflesyke) 24
Ligrene . . . 25

s INFEKSJON

Hvot mange ganger har De hatt infeksjon shk

som lotkjcleise, influensa. wraeksiukas og Antall
irgnende sisie halvac? 26 | L]

Ja  Nei
Her De hati sik nfeksjon sisie 14 dager? 27 |1 .

Dessulen er vi interessert | & 14 oversikt over hvordan
folk bruker helsetjeneslen, for 4 13 kunnskap om hvor-
dan helsetjenesten kan bedres.

Vi haper De vil vezre brydd med & fylle ut ogsa delte
skiemaet, og sende dettilbake tii Tromse Helsardd i den
utleverte konvolutt. Alle opplysninger i forbindelse med
Helseundersokelsen vil bli behandiet strengt konfiden-
sielt Har De noen kommentarer il undersokelsen kan
De skrive dem i kommentarfeltet pa siste side.

Med hilsen

Tromse Helserdd Fagomradet medisin

YKDOM HOS FORELDRE 0G SOSKE
Kryss av for de slestringene som har eller har
hait noen av sykdommaene. WoRr b
Hermeslag eller hjerneblodaing 28 { [0
Sukkersyke -0 R AR
Leddgiki (revmaiod artein) B | 205
Kref . . 0 ¢ 0
Psorasis . a4 |0
tagesdr eller 1whfingenarmsir 8 | 3
Asima sz | (G
Keyss av dersam sleklningene ikke har elier Ja  Nei
har hall noen av G:sse syxdommene .58 | -
S
Har De sisle &r bru's tabletler. sproyter eller Ja Nel
asimaspray mot asima elles allerg: 80 | [Z
Har De bruki Iolgende medismer siste
14 cager? Ja  Nei
Smenestilience 6t | T [
Febarsenvends . .o82 | T
Exsemsalve 83 { T~ {7
Bioiykksmedsin 84 |7 [
Hiatamedisin & | T [
Sovemedisin ‘ - T
Hervemedigin o 6 | .. [T
Wigrenemedisn . g8 | — O
Ledisin mot epdapsi (lallesyke) 62 | T o
Anngn medisa 0 F T o




+ KONTAKT PGA. EGEN HELSE ELLER SYKDOM

BO0lCs
DDA .-

0C000s

[ RN A L

CO00Cs
LN ETEN

000
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Hvor mange besok har De hall siste &r pd Antall Hvor ofia spiser De vanligvis Kot bl middagen?
grunn av egen helse eller sykdom? besok Sell kryss i rulan der ~Ja- passer best.
Hos vanliglege .. .oovvvevnvnin s FAR [ S Sieicnere enn en gang i uken .. ... ... o5
Hos spesialist utenlor sykehusel ... ... 72 | €1 1= 2 0enger fuken ...
Pa legavakta .. ... e 85 | [ Boagangeruken .. ... ...,
Hos bedrifislege ., ..ot 87 | ] 5 elier flere gangert uken , .. ... .....
Hos fysioterapaut o ... ... B | 3
Hos kiropraktor ... ...l ar | 1 Hvor ofte bruker De felt {smor, margadin, remuy-
Hos ratuemedisiner lade, majones og lignende) til eller p3 middags-
{homeopal, soneterapautel) ... ..., .. 83 7 (1 malen?
P43 sykehusels polixlinikk .. ........ ... 85 | [ Solt Kryss i ruten der wJae passer best,
Amall innteggelser pa sykehus siste & .. .. 87 | [ Spelcnare enn en gang Fuken ... 96
T-2gangeriuken ..o oie e
J-dgangativken ...l
Seller flera ganger i uken ... ... ...,
Hvor mange bradskiver spiser De vanligvis
daglig? Bruker De vanligvis gronnsaker som del av
Seit kryss t den ruten der ~Ja. passer best Ja middagsmalen? ... ..., AP 97
Mindre enn 2 skiver .., .. ... ... 8g i {11
2 - 4 skiver ) 143
5 - & skiver ] Hvor ofte spiser De vanligvis frukt?
7 - 12 skiver Ll 4 Selt keyss i roten der ~Ja- passer besl. Ja
13 eller flere skiver ..ol s Sieldnere enn gn gang i tken ., ... .. 95 | £]
Omtrentengangiuken ... .. ]
Hya slags melk drikker de vanligvis? 2-3gangeriuRen .. it [}
Seit kryss i den rulen der ~Ja- passer best. Ja 4 -5 etier fliere gangeriuvken ..., ]
Drikker ikke melk .. ..o g8 | (01 Ombeent daghig ... .ot 0
etk {helmelk), sot, sur Lo a
Lemelk ... 13
Skumme! melk, s, sUr ... L. L. (7a
Hvar mangz glasg/kopper melk drikker De Er Dz 10l2! 2vholdsmanntkvinne
vanligvis daghia? Ja
thndre enn et glass/kopp ... oL 90 | s Hyis nei,
1 - 2GRS KOPDEr L i 32 ~ Hvor ofie pleigr De & drikke oi?
3 4gassROPPA L s Seit Kryss | ruten der ~Ja- passer besl.
S eller fleve glassfkopper ... ... ... ... M4 Addii, elfer noen 14 gangeridret .. ... . 100
T~2gangerimneden .............
Omirenl Tgangiuken ... ... .......
2-3gangerivken ...
tvar ofie sprser De torskdsel elier annen Omblreat hver ddag .. .ou e v nnss
mager fisk til middag eller som pilegg?
Sai xryss i ¢en ruten der <Ja~ passer best, Hvor olia pleier De & drikke vin?
Seldnzre enn engang tuken ..., L. 91 Ja Sait kryss i ruten der «Ja. passer best.
TGAAGIUREN vt B } Aldr, etier noen T gangeri dret ... L 0
2HANGRITUKBN L £ 2 1-2gangerimineden .............
Jeller flve ganger i uken ... ... 3 Omirent 1 gangiuken .. .. ... ......
. . . Ca Z-3gangarivken ...l
Hoor olie spiser De el fisk som sild, kvelte, Ormteent heer da
e P mirenthver dag .. ...
ey, makead laks, arred # middag eller som
Si‘f?«g?ss i ruten der ~Ja~ passer bast ~ Hver oftz plaier De & drikke brennevin?
‘é‘m‘g,e,e ‘;‘_;n e oan Fi)uken " g2 | Ja Seil keyss i ruten der ~Jas passer best.
I‘-ar;' | »;-, 9279 e [, Aldri, eller noon 3 gangerideel ... .. .. 102
GEAGTURED .o e e Ciz 1~ 2gangerimineden . ... .........
Zgangeriuken ...l N .
S . (] Omient 1 gangivken .. ..., .......
3 eiier fiere gangarbuken ... L P 2 -3gangerivken ...
B-uter De lran regelmessig? Omirgat hver 83g .. .ou e iennn ..
Sen kryss 1 ruten der ~Ja- passer best.
Pt e .83} 2 Omirent hvor ohe har Oe § lopet av sisle &r
Imerkelida ..o 21 Crukkel arkohal lsvarende minst § halvllasker
Male 520 . L., Ce o, en helliaske vin eller % flaske brennevin?
G Seitkryss i ruten der ~Ja- passer best.
kg siste & . L e 103
Nosn la ganger ... e
Ja  Nai 1~2gangerimineden .. ... ........
Saser De vanbguis frokost daglig? .. ..... 84 | [} L] 3 eller fere ganger i uken ...........




Hvor ofte uttarer De tysisk aktiviiel av minst 20
minutters varighe! og som farer I al De blit
svet eiler andpusten?

Sen koyss i tuten ¢er ~Ja« passer besl.

Ukeathg .. L
Flere gangerswaa .,
Daglig .. . e

Besom De vanligvis utforer sik akiivitel minst
€1 gang i uka, hvor mye tid bruker De ukenllig
I slik akiiviter?

Selt kryss Truten des ~Ja- passer besl,

Mellom 30 minutier og timeiuka ...,
Mellom 1 eg 2 imeriuka ..., .. ...,
Merenn 2timerivka ., ..., ..., ...

Har De endret Deres vanerfkosthold i fopet
av do siste § 4 ndr det gjelden(Seit kryss los
hvert spersmily

Hvor gammel var De da De lorste gang giltet

Ao W T S A A, o b
AT LN

FHUSSTAND i230%2

Hvor mange personer bor del i deres
Ernoen i Deres husstand 10 ar eller

Trenger noen i Deres husstand sposiell

Hvor mange &rs skelegang har De (1a ogsd m

lolkeskole og ungdomsskale)? ... ... ..., 1

3 LT P aT

EARBEID s
Har De hatt lennel arbeid hele siste 4r?
Selt kryss i rulen der ~Ja- passer best.

Celtidsarbeid .....................

Hvor slor del av det daglige arbeid § hjemmet
gjor De vanligvis seiv?
Sett keyss i rulen der ~Ja- passer besl,

Stelden eller a'¢n . . .. ....... 104

Mindre ean 30 minutiorfuka .. .. ... .. 105

SVANE- OG KOSTENDRINGER 52550k

a0oo0oo:
LO00co
2000

Fettikosten ... .................. 306
Soyamargarin eller matolier .. ... .. .., 107
Skummet melk eller lettmelk .. ., .. ... 108
Kallesforbruk ..., ... ..., .. vea 109
Alkoholdorbruk ... 110
Fysisk aktivitel . .. .............. ... 11

&r De gilt eller samboende .. ..., ..., .. 112

Dem cher innledet et samboerforhold? |, ., 113

husstand? ... ... L. 115
YOIE? Lo e 117

tilsyn/plele ~ vtenom bama? .. ... ... Vel 118

Fulllidsarbeid ..., ............., 121

COo0s

Alteller nesten alt .., .., ........ .. 122

Jooo

Har De i lopet av sisle & vaert plaget av smerler
i ryggen som har varl lenges enn 4 uker? ., 123
Hvis ja, bedrer ryggsmerlene seg dersom
De bevegerDem? ......vovven. .. . 124

Har De veent plagel av slivhel i ryggen om
maorgenen SOm varlg Ienger ann
30 minutter? ... L PN 125

Har De i lopel av siste 3 &r veer plage! av
smerter i noen av de felgende ledd I mer enn

3 méneder?
Kneleddene ..., .. ..o el... 126
Albueleddene ..ol . 127
D¢ innerste fingerleddene ... .. .. e 128
Andraledd ... oLl Vel 128

Hyis ja, merket De stivhel { leddene om
morgenen av mer enn 30 minllers

Selt kryss i tuten der «Ja- passer bast,

Sjeldenelleraldi .................. 131
£n eller flere ganger i mneden ... ... .
En elfer flere gangerivken ... ... .. ..
Baghig .o e

Hvor ofte er De plagel av smerter i nakke eller
skuldre?
Selt keyss i ruten der ~Ja- passer best,
Sjelden elter akii ... ... ... .. e 132
En eller flere gangerimdneden ..., ...
En eller ffere gangeriuken ..........
Daglig ................. ... 0.,

Reduserer plagene i hodel, nakken eller

skuldiene Deves arbeidsevna?

Sett kryss i ruten der «Ja- passer best,
Aldri, eller i ubetydelig grad .., ... .. .. 133
Inoengrad ... ... .. .. ... .....
Pbetydeliggrad ...................
Kiarer ikke vanlig arbeid . ......,,, ..

Har De noan gang 1N ronlgenundersokt
ryggen, nakken ogfeller skuldre ... ., ., . 134

Hender det 21 De er plagel av sevnloshet . 135

Hvis Ja, nar pa drel er De mest plagel?

Selt kryss i ruten der ~Ja- passer best.
Ingen spesiell tid . ... ... ..., PN 138
Seerlig moiketiden ... L. L.
Serlig | midnattsoftiden ... ..........
Semrlighostogvir .................

Har De giennom hele siste i voert plaget av
sovnighet siik at det gar ut over
arbeidsevnen? ... .. L., 137

Har De siste &r hatt anfall med piulselig tap
av bevissthet? ... ... ... .. ... 138

Har De merke? anfalt med plutsalig endring i
pulsen eller hjerterytmen siste ar . ... ... . 139

0z

0




Hyis De tar slare personlige problemer, tegne

De ¢a med 3 14 hjelp og stotte fra ektefelte,
samboer elier familie? .o

ter D2 ilengare hd foli behov for & oppsoke

noan pa grunn av personlige problem siste
¢, uten at De har 13l ik kontakt?

Har De i de siste 14 dager folt Gem ule av
stand i & takle Deres vanskelighetes?
Sett kryss | euten der ~Ja» passer bast,

Aldri elier sjelden |

Arog

Qe ... ...

Ngsten helg wda |

RESTEN AV SKUEMA
BARE AV KVitih

MENSTRUASJON

Y

e

140

1

142

Hvor gammel var De da De fikk menstruasjon

forste gang?

Nir begynte Deres s:sle menstruasion?

Hvot mange dager erfvar det vanhgws Ira
meastruasonens 1. blodningsdag til neste
manstruasns |, blodningsdag (= Lden

mallorn to menstruasjoness begynaelse)?

Pie.ar/plede menstruasionen & vaere
regefmessg ..

145

147

133

153

p -,yf“,.._:.g_, 2

AR

Ja  Nai
Ja  Nai
o

3

SRR

4

dag mog, &

Har De i de sisle 13 dager fell Dem ulykkelig
vg naatykt (deprimert)?
ot keyssiruten der AJa- passer besh,

Adry elfler sjelden

Aot g il

Qe

Nesten hele lida

Hender del otz 2! De fotar Dem ensom?
Sett kryss 1 ruten dér ~Ja- passer besl
Megeal ofe
Ay oog td
Aldn ghier nesien aldn

144

Forsvinngr plagene ndc menstruasonen

kommer? 160
Broker De mot slie plager
- vanndrivends lablenas? 161
- andre methsiner? 162

Huor tange bam has De fodt? 163
Fyar gammel var Oe forste gang De var
gravd? 164

Bruker De vankgvis smanestifiencle tabletter Ja Ne

under mensiruasjongn? 156 .. .
Bruker etier har De brukt P-piller eller
spiral? . A . 166
Huwis ja, hvor mange Ar har De tlsammen

Har De lor mensiruasien noen av disse bk

plagene: P.plige? 167

- Bt De neding {depnmert) etier rntabel? Spral? 169
21 Kryss i ruten der ~Ja- passer best Ja
ljb:?ydeli: 7 157 | Do tivor gammel var De da De begynle med
Morkbard ) P piier? 1
Plansomt T3 Spral? 173

lagsomt .
Har De smg-ielulte brys:? s Ce har shuttel mad Ppdler, uteble da

- H nesial 17 :

Sen kryss 1 ru'en der -\J;- passer best Ja mensiruasonen t mer ean b maneder uien
-E:;bn'ydcvxg N 56 ] 1 al De var gravig? 175
Meskban e ? Har ¢e mitie! slutie med Popifler forddi De
Plagsem) -3 fixk hoyt dloduyhk? . 178

~ Har De hovne hendesiavier, vehiokning,

&'z folelse gv & ~e5e ul-? .

San wyesss| ,eu.m der ~Ja- passer best 2 Hwor mange ganger har De 1an latt kreltprove
.llju.‘"yd*hg AR 59 | g {celleprove) fra lwvmorhalsen siste 3 &7 177

B A
"eribarl 4 Hvor mange &+ siden er de! s:den sisle
Plagsom; .- prove? 178
Geres kormmzniarer 175

Takk for hjelpen! Husk d posticgge skjemact idag!
Tromsounde sonelson 1986.7
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ISM SKRIFTSERIE - F@R UTGITT:

Ridrag til belysning av medisinske og sosiale forhold i
Finnmark fylke, med serlig vekt pd forholdene blant
finskattede i Ser-Varanger kommune.

Av Anders Forsdahl. 1976. (nyvtt opplag 19%0)

Sunnhetgstilstanden, hygieniske og sogiale forhold i Ser-
Varanger kommune 1869-1975 belyst ved medisginal-
beretningene.

Av Anders Forsdahl, 1977.

Hijerte-karundersgkelsen 1 Finnmark - et eksempel pa en
populasjonsundersekelge rettet mot cardiovasculare
sykdommer. Beskrivelse og analyse av
etterundersekelsesaruppen.

Av Jan-Ivar Kvamme og Trond Hailder, 1879.

The Tromse Heart Study: Population studies of coronary
risk factors with gpecial emphasis on high density
lipoprotein and the family occurrence of myocardial
infarction.

Av Olav Helge Ferde og Dag Steinar Thelle, 1979.

Reformer 1 distriktshelsetjenesten III: Hypertensjon i1
distriktshelsetienesten.
Av Jan-Ivar Kvamme, 1980.

Til professor Knut Westlund pad hans 60-ars dag, 1983.

Blodtrykksovervakning og blodtrykksmaling.
Av Jan-Ivar Kvamme, Bernt Nesje og Anders Forsdahl, 1983.

Merkegteiner i norsk medisin reist av allmennpraktikere -
og enkelte utdrag av medisinalberetninger av
kulturhistorisk verdi.

Av Anders Forsdahl, 1984.

"Balsfjordsystemet." EDB-basert journal, arkiv og
statistikksystem for primerhelsetjenesten.
Av Toralf Hasvold, 1984.

Tvunget psykisk helsevern i1 Norge. Rettsikkerheten ved
slikt helsevern med serlig vurdering av
kontrollkommigjonsordningen.

Av Georg Heyer, 1986.



1.

i2.

13.

14.

15.

16.

17.

18.

19.

20.

21.

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

Av Bijarne Kogter Jacobgen, 1988.

Helse og ulikhet. Vi trenger et handlingsprogram for
Finnmark.

Av Anders Forsdahl, Atle Svendal, Aslak Syse og

Dag Thelle, 18889.

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

Helsekontroller 1 praksis. Erfaringer fra prosjektet
helsekontroller i Troms 1983-1985.
Av Harald Siem og Arild Johansen, 1989.

Til Anders Forsdahls 60-ars dag, 1990.

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

Av Knut Holtedahl, 19%1.

The Tromse Survey. The family intervention study.
Feagibility of using a family approach to intervention on
coronary heart disease. The effect of lifestyle
intervention of coronary risk factors.

Av Synneve Fennebe Knutsen, 1951.

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

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

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

Av 0dd Nilssen, 1992.

The Healthy Faith. Pregnancy outcome, risk of disease,
cancer morbidity and mortality in Norwegian
Seventh-Day-Adventists.

Av Vinjar Fennebes, 19%2.



22,

23.

24,

25.

26.

27.

28.

29.

30.

3%

32,

33.

Agpects of breast and cervical cancer screening.
Av Inger Torhild Gram, 1992.

Population gtudies on dyspepsia and peptic ulcer disease:
Occurrence, aetiology, and diagnosigs. From The Tromse
Heart Study and The Serreica CGastrointestinal Digorder
Studie.

Av Roar Johnsen, 1982.

Diagnosis of pneumonia in adults in general practice.
Av Hasse Melbye, 15092.

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

Risk factors for, and 13-year mortality from
cardiovascular disease by socioceconomic status.
A study of 44690 men and 17540 women, ages 40-49.
Av Hanne Thirmer, 1993.

Utdrag av medisinalberetninger fra Sulitielma 1891-1990.
Av Anders Porsdahl, 1993,

Helse, livestil og levekdr i1 Finnmark. Resultater fra
Hijerte-karundersekelgsen 1 1987-88. Finnmark IIL.
Av Knut Westlund og Anne Johanne Segaard, 1983.

Patterns and predictors of drug use.

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

Av Anne Elise Eggen, 1994.

ECG in health and disease. ECCG findings in relation to
CHD risk factorg, congtitutional variables and l6-year
mortality in 2990 asymptomatic Oslo men aged 40-49 years
in 1972.

Av Per G. Lund-Larsen, 1994.

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

Av Maja-Lisa bLeochen, 1995.

The Military service: mental distress and changes in
health behaviours among Norweglan army conscript.
Av Edvin Schei, 1995,

The Harstad injury prevention study: Hospital-based
injury recording and community-based intervention.
Av Bprge Ytterstad, 1595,



34.* Vilkar for begrepsdannelse og praksis i psykiatri.
En filoscfisk undersekelse.
Av Age Wifstad, 1996. (utgitt Tano Aschehoug forlag 1997)

35. Dialog og refleksjon. Festskrift til professcr Tom
Andersen pa hans 60-ars dag, 1996.

36. Factors affecting doctors”™ decision making.
Av Ivar Senbe Kristiansen, 19596.

37. The Serreisa gastrointestinal disorder study. Dyspepsia,
peptic ulcer and endoscopic findings in a population.
Av Bjern Bernersen, 1896.

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

Av Toralf Hasvold, 198%86.

39. Senfelger av kjernefysigke prevespreninger pa eygruppen
Novaya Semlya 1 perioden 1955 til 1962. Rapport etter
programmet “Liv”. Arkangelsk 1994,

Av A.V. Tkatchev, L.K. Dobrodeeva, A.I. Isaev,
T.S. Podjakova, 1996.

40. Helse og livskvalitet pé& 78 grader nord. Rapport fra en
befolkningsstudie pa Svalbard hesten 1988.
Av Helge Schirmer, Georg Heoyer, Odd Nilssen, Tormod Brenn
og Siri Steine, 1997.

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

Av Inger Thune, 19987.

42. The Norwegian - Russian Health Study 1994/95. A cross-
gectional study of pollution and health in the border
area.

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

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

44 . Incidence of and risk factors for wmyocardial infarction,
stroke, and diabetes mellitus in allmenn general
population. The Finnmark Study 1974-13589.

Av Inger Njelstad, 1998,



45. General practitioner hospitals: Use and usefulness.
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