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A small fraction of patients with repetitive injuries
account for a large portion of medical costs
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Background: The phenomenon of repetitive injuries has been judged to be of limited importance in the public health context.
A study was therefore initiated in order to analyse all types of single and repetitive injuries using a longitudinal approach.
Methods: Hospital care, medical costs and risk factors were examined for single and repetitive severe injuries. A cross-sectional
survey with a 12-year follow-up was performed. Questionnaire information from a survey of a random sample of the adult
population 20–89 years old in 1984 in Stockholm County were linked to the Swedish national inpatient and cause-of-death
register up to 1996, inclusive. Results: During the study period 13% of males and 15% of females were hospitalized or deceased
as a result of injuries. Persons with three or more injuries comprise 19% of the injuries, but account for 63% of the total number
of days of hospital care and medical costs. Injuries related to falls were most common among patients requiring hospital care.
Factors such as high age, living alone, stroke earlier, and use of hypnotics and sedatives were especially associated with repetitive
injuries. The risk factors for single and repetitive injuries covariate, but the size of the risk is overrepresented for stroke, drugs,
self-reported injuries and living alone for two or more injuries. Conclusion: These results indicate that subjects with repetitive
injuries, and with the observed risk factors for such injuries, should be given extra attention, both in policy and prevention, but
also in integrated treatment programmes.
Keywords: accidents, drugs, fall injuries, health economics, pharmacoepidemiology, trend analysis

G

reenwood and Woods observed many years ago (1919) that
reported accidents did not follow a Poisson distribution.1 An
individual who randomly has one accident then becomes nonrandomly more or less likely to incur another.2 Individuals with
physical/medical impairment (stroke, seizures), psychological
(alcoholism) and personality (overactive, adventuresome) traits
should be regarded as ‘accident prone’.3–7 Additionnally,
individuals with repetitive injuries are more influenced by exposure to the physical and social environment. Some individuals
may be at constant higher risk for socioeconomic reasons,
because they may be unable to buy proper safety equipment or
they may live in less safe environments. Sometimes there is a
combination of these two characteristics. In summary accident
proneness includes the possibility that one or several of the
mentioned circumstances should be manifest as background or
contributing factors in injury causation. This study questions the
established notion that such groups do not contribute an
appreciable proportion of injuries, and cannot be identified
beforehand. The occurrence of repetitive injuries has not,
however, been confirmed in modern epidemiological studies of
surveillance type that cover the entire population. The phenomenon has therefore been judged to be of limited importance in
the public health context. Only in exceptional cases did the same
persons consult for treatment of injuries more than once. These
findings are based on data from studies of injuries of different
types and severity.8–11 The study periods in these investigations
have been relatively short, however, 1–2 years.
A limited number of follow-up studies of risk factors for all causes
of injuries leading to hospitalization have been conducted. Most
studies have focused on the combination of an acute event,
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usually a fall, which is the most common injury leading to
hospitalization in most industrialized countries, in combination
with a chronic condition such as osteoporosis.12,13 The most
common risk factors for fall injuries are high age, low body
weight, low intake of calcium and dairy products, osteoporosis,
high alcohol consumption, inappropriate use of medicines, and
permanent disabilities such as Parkinson’s disease, stroke and
epilepsy.14–26
A few longitudinal studies have analysed different risk factors in
the same model, but no epidemiological study has dealt with
similarities and differences in risk factors for single and repetitive
injuries. The relative burden of disease and medical costs for
subjects with repetitive injuries has not been studied. Knowledge
about this is vital for policy-making, prevention, and also for
efficient treatment programmes. The research questions can be
formulated with the help of Waller.27 If one follows the injury
experience of a population over a longer timeframe (5–15 years),
are there individuals who are involved in repeated injuries, and
does this exceed the proportion of individuals in a population
who, purely by chance, might be expected to have two or more
such events in a similar timeframe? If such individuals exist, do
they account for more than a small minority of all injuries or of
all severe injuries? If so, can they be identified before the
occurrance of repetitive injury? Of interest for prevention is, if
such a group can be identified, and if anything useful can be done
to alter them or the nature of their interactions with potential
hazards in the environment? A study was therefore initiated in
order to analyse hospital care consumption, direct medical costs
and risk factors among all types of single and repetitive injuries
using a longitudinal approach.
MATERIAL AND METHODS

Design and definitions
The study uses information from a questionnaire survey in 1984,
with a follow-up study of inpatient care and mortality during
the 12-year period 1984–1996. The term ‘repetitive injuries’
refers to admissions where one person is treated in hospital for
intentional or unintentional injuries on two or more new
occasions during the study period.
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Follow-up data in-patient care and mortality
After obtaining permission from the Ethics Committee at the
Karolinska Institutet, information about hospitalization and
mortality from all hospitals in Sweden was linked to the survey
data, using the Swedish personal identification number. A
complete personal identification number was missing in three
cases. Only injuries necessitating hospital treatment or leading
to death are included in the analysis. Based on hospital records,
information on the three outcomes (dependent variables),
reported as one, two and three or more injuries leading to
hospital admissions or death for injuries including the E codes
(ICD-8 and ICD-9), were collected from the national register.
All injury diagnoses were collected for each individual. The
follow-up period is from the date of response to the questionnaire
by each person up to and including 31 December, 1996. Information about deaths was taken from the Swedish cause-of-death
register, which has a coverage of over 99% of all deaths. The
number of deaths due to injuries were few, 24 persons, of which
nine died at the scene, and among the hospitalized, 15 died later
from injuries during the follow-up period. The cumulative
incidence for different types of injuries was calculated. Relative
risks (with 95% confidence intervals) for various presumed risk
factors for single and repetitive injuries during the follow-up
period were also calculated.

Statistical methods
Relative risks were calculated using logistic regression. The
relative risk, based on cumulative incidence, is the ratio between
the incidence figures for the exposed group and the reference
group. We first conducted bivariate analyses of the relative risk
for the two levels of intake of sedatives and/or hypnotics. Variables in the questionnaire that were correlated to intake of
sedatives and/or hypnotics and to the outcome variables in the
bivariate analyses were included in the multivariate logistic
regression models. The reason was that intake of sedatives and/or
hypnotics was considered an important risk factor a priori.17
Calculated odds ratios were transformed to relative risks. When
calculating relative risks in bivariate and multivariate analysis,
three outcome variables were used; one, two and three or more
injury cases. A trend test was conducted for the number of days
per individual and per event of inpatient care in relation to the
number of injury events for in-patient care and mortality.
RESULTS

External causes
Altogether 565 (14%) of patients (218 men and 323 women)
had such severe injuries that they were hospitalized. Another 24
persons died from injuries (4.2% of all deceased), 12 males and
12 females. Nine died at the scene, and among the hospitalized,
15 died later from injuries during the follow-up period. When
controlling for overall mortality the relative risk increased by
10–20% for the variables in the bivariate analysis and with a
diminishing change in the multivariate analysis.
The cumulative incidence was 12.9% for men and 15.4% for
women. The most frequent external causes among those with
repetitive injuries were falls from the same or a higher level
(E880–888), attempted suicide (E950–959), unclear cases
(E980–989), assaults (E960–969) and injuries during transports
(E807–848).
The group ‘other external causes’ is larger among those who had
only one injury event during the period (table 1). In this group,
a difference between the sexes was also observed, 46 males and
73 females. The most common ‘other’ external cause among
those with two injuries or more is complication due to surgical
operation (E878) with 59 admissions and later effects of
accidental injury (E929) with 21 events. Common risk factors
among patients with one or two complications in relation to a
surgical operation were high age, back pain, dizziness and stroke
(RR 6.20, 1.08–35.55). Also E947 (other and unspecified drugs
and medications causing adverse effects in therapeutic use) is
mentioned (10 patients/admissions) among those with repetitive
injuries. The distribution of external cause changes when the
number of injury cases per individual increases. Falls dominated
among repetitive injuries during the study period.
Consumption of hospital care
The number of hospital-treated cases relates to all types of causes,
i.e. both intentional and unintentional injuries. The majority
(61%; 64% of men and 60% of women) had only one period of
hospital stay during the period. The total consumption of
inpatient care amounted to 17,420 days. The total distribution
of hospital admissions for injuries during the period is shown in
table 1. Among those with two or more admissions to hospital,
68% of injuries were due to falls (p<0.001), 5% due to attempted
suicide, 5% due to transport, 1% due to assault and 21% due to
all other external causes.
As shown in table 2, women had both more injuries and more
days in hospital than men. Persons with two or more hospital
admissions, accounted for a relatively large part of the total
consumption of inpatient care, 6,166 days or 84% of the men’s
consumption and 8,247 days or 82% of the women’s total
consumption. Persons with three or more admissions account for
19% of all admissions but 63% of the total number of days of
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Stockholm Health of the Population Study
The study area is a Swedish metropolitan district with 25
municipalities and a total population of 1.8 million inhabitants.
The 1984–85 Stockholm Health of the Population Study
(SHPS) was used as baseline data and included a questionnaire
survey. The study was carried out in 14 of the 42 primary health
care districts in Stockholm County, and was roughly
representative for the whole county regarding principal sociodemographic conditions.28
Analyses are based on a net sample of 6,217 subjects (with due
corrections for deaths, moves, etc.) aged 18 years and over.
Excluded from the analysis are the few subjects under 20 years
and over 90 years of age. A questionnaire was sent to all
individuals in each sample (n=450) from the 14 districts, in total
6,217 subjects after considering moves or deaths between the
date of sampling and the date of the questionnaire. Of them
4,094 persons answered the questionnaire, 1,856 men and 2,238
women. The non-participation amounted to 38% for men and
32% for women.
We selected a variety of factors which had been shown or which
were hypothesized to increase the risk of injuries.12,17 As the
survey was not primarily intended for research on injuries,
some potential risk factors were not included, e.g. measures of
risk behaviour. The following risk factors were included (exposed/unexposed): age (continuous in ten-year groups), sex
(male/female), cohabited (unmarried, single/married) divorced
(yes/no), occupation (unemployment/employment), state of
health (very bad, rather bad, neither good nor bad/good, very
good). The items and categories for variables about health,
socio-economic factors and alcohol and substance misuse
were: dizziness (sometimes or often/never, occasionally),
muscular tension (sometimes or often/never, occasionally),
stroke (yes/no) previous injury (yes/no), alcohol (1–100
g/month/0; 100–500 g/month/0; 500–1000 g/month/0;
>1000 g/month/0) (240 g 100% ethanol per month is compatible
with 70 cl of strong spirits). We also analysed questions on the
use of sedatives and hypnotics during the past two weeks: use
of hypnotics or sedatives (sometimes/no, daily/no), use of
hypnotics (sometimes/no, daily/no). We lack information
about (direct) trigger factors, i.e. factors closely related to the
accident sequence of events such as slipping, acute dizziness or
intoxication.8

Repetitive injuries and costs
those with repetitive injuries and 51.7 among those with one
injury).
A limited number of the N codes 905–909 ‘late effects’, in total
36 cases (of 1044), were observed in the material. In 137 of 479
cases (29%) irrespective of time between admissions, the same
N and E codes were registered. (The 479 admissions derive from
218 patients being hospitalized for two or more injuries.) Since
137 out of 479 cases were followed by a new case (irrespective of
time) with the same N code and E code and if it is estimated that
about 50% of the new injury cases were misclassified as new cases,
then about 70 cases were wrongly classified as new cases. Since
218 persons had two or more injuries one could estimate that
about 30–35 persons were wrongly classified as repeaters or 5–6%
of the persons with injuries. We do not know if these patients
had a re-operation or were hospitalized again because of a
deterioration due to the initial injury. The best method would
be to scrutinize the medical records. However, scrutinization of

hospital care, 66% in men and 60% in women. The total number
of days in hospital per individual increases significantly with the
number of injuries. The average number of days per admission
period differ between single and repetitive injuries from 8.7 days
for single injuries to 15.7 days for two admissions, and 23.0 days
for three admissions, range 13.8–42.6 days for all repetitive
injuries (table 2). We did find a significant increase in the
number of inpatient days per admission when we analysed all
injuries for both sexes together (p=0.03) and for women
separately (p=0.012) but not for men (p=0.218). However, the
mean duration of hospital stay per admission for fall injuries
does not increase with increase in the number of fall injuries.
As could be expected, the trend was similar for fall injuries, the
dominating injury category. Patients with repetitive injuries as a
group are more impaired than patients with only a single injury.
Furthermore, patients with repetitive injuries are significantly
older than those with just one injury (mean age = 61.0 among
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Table 1 Number of hospital admissions for injuries distributed by external cause (E code), Stockholm Health of the Population Study, age
groups 20–89 years, 1984–1996
Suicide and
unclearc

Violenced

All others

%

N

%

N

%

N

%

Admissions

Patients

161

46

19

5

10

3

138

40

347

347e

2

143

64

14

6

6

3

54

24

222

111

1

80

61

18

14

–

–

32

24

132

44

3

3

81

72

1

1

1

1

26

23

112

28

5

8

43

66

4

6

–

–

13

20

65

13

6

6

11

48

89

–

–

–

–

–

–

54

9

7

–

–

27

77

–

–

–

–

8

23

35

5

8

–

–

32

80

–

–

–

–

8

20

40

5

9

–

–

9

100

–

–

–

–

–

–

9

1

10

–

–

10

100

–

–

–

–

–

–

10

1

18

11

61

–

–

–

–

–

–

7

39

18

1

Total

51

–

634

–

56

–

17

–

286

–

1044

565

Admissions
per
individual

Transporta
N

%

N

1

19

5

2

5

3

2

4
5

Fallb

Total

a: E807–848
b: E880–888
c: E950–959 and E980–989
d: E960–969
e: Fatal injuries not included.

Table 2 Number of patients, ages 20–89 years and days in hospital, all external causes, (E codes), Stockholm Health of the Population
Study, 1984–1996 (n=565)
Admissions
per
individual

Number of
males in
each group

Inpatient care,
males
Number of days

Number of
females in
each group

Inpatient care,
females
Number of days

1

147

1212

200

1795

347a

49.7

3007

17.3

8.7

2

40

1284

71

2206

222

21.3

3490

20.0

15.7

3

20

1568

24

1470

132

12.6

3038

17.4

23.0

4

2

399

16

1228

112

10.7

1627

9.3

14.5

5

4

1304

9

738

65

6.2

2042

11.7

31.4

6

1

216

8

1130

54

5.2

1346

7.7

24.9

7

3

771

2

217

35

3.4

988

5.7

28.2

8

3

624

2

202

40

3.8

826

4.7

20.7

9

–

–

1

151

9

0.9

151

0.9

16.8

10

–

–

1

138

10

1.0

138

0.8

13.8

18

–

–

1

767

18

1.7

767

4.4

42.6

230

7378

335

10042

1044

100.0

17420

100.0

16.7

Total

Total number of
cases and
percentage of total

Total number of
days and
percentage of total

Average
number of days
per admission

a: Fatal injuries not included.

163

EUROPEAN JOURNAL OF PUBLIC HEALTH VOL. 14 2004 NO. 2

Costs for hospital treatment and care
Altogether 17,420 days of hospital care covering 565
hospitalizations are included in the cost calculation (table 3).
The average cost of treatment and care per day amounted in 1996
to 5,181 SEK (USD 575; exchange rate USD 1 and Euro 1 = 9.00
SEK) at a department of orthopaedics at a public hospital in
Stockholm (Södersjukhuset).
A small group of persons account for more than 4/5 of the total
consumption of hospital care (table 2). It was therefore interesting to analyse the group repetitive injuries in more detail with
respect to main risk factors.

Multivariate analysis
Those factors which showed a significantly increased risk for one,
two or more injuries in the bivariate analyses were selected for
the multivariate analyses. The initial model was based on risk
factors reported in the literature.12,17
Factors that remain significant for three or more outcomes after
the multivariate analysis are high age, stroke, high alcohol
consumption, daily use of hypnotics and sedatives, and previous
injury. The multivariate analysis (table 5) shows the risk factors
that are significant among those with two cases. High age, living
alone, stroke, high alcohol consumption, daily use of hypnotics
and sedatives and self-reported previous injury carry a
significantly increased risk in both sexes together as well as in
each sex separately.
Risk factors that are significantly overrepresented in the group
with three or more admissions are high age, stroke, daily use of
sedatives and hypnotics and self-reported previous injury.

RISK FACTORS

Bivariate analysis
There are ten factors that carry a significantly higher risk for one,
two and three or more injury events compared to no injury
leading to hospitalization or death. These are: high age, single or
not cohabiting, living alone, state of health, back pain, sleeping
problems, earlier self-reported stroke, high alcohol consumption,
daily or temporary use of hypnotics and sedatives and daily or
occasional use of both hypnotics and sedatives and (selfreported) previous injury. The results of the bivariate analysis
for those with one, two and three or more injury events are
shown in table 4. Testing for gender differences among the group
with repetitive injuries, there is no significant difference between
men and women in the proportion of persons with repetitive

Table 3 Direct costs of hospital care due to repetitive injuries in relation to all types of external causes, males and females, age groups
20–89 years in the Stockholm Health of the Population Study, 1984–1996
Injuries per
individual

Medical costs
males, SEKa

Medical costs
females, SEK

Average costs
males SEK

Total medical
costs SEK

Cumulative
percentage

1

6,279,372

9,299,895

42,717

46,499

15,579,267

17

2

6,652,404

11,429,286

166,310

160,976

18,083,690

37

3

8,123,808

7,616,070

406,190

317,336

15,739,878

54

4

2,067,219

6,362,268

122,268

397,641

8,429,487

63

5

6,756,024

3,823,578

1,689,006

424,842

10,579,602

75

6

1,119,096

5,854,530

1,119,096

731,816

6,973,626

83

7

3,994,551

1,124,277

1,331,517

562,138

5,118,828

89

8

3,222,944

1,046,562

1,077,648

523,281

4,269,506

94

9

–

782,331

–

782,331

782,331

95

10

–

714,978

–

714,978

714,987

96

18

–

3,973,827

–

3,973,827

3,973,827

100

38,225,418

52,027,602

Total

a: The exchange currency rate is for USD 1 = 7.44 and Euro 1 = 9.19 SEK (5 April 2004).
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Average costs
females SEK

90,253,020

Downloaded from http://eurpub.oxfordjournals.org/ at Pennsylvania State University on February 26, 2014

injuries among all persons with injuries. Single or not cohabiting
(RR 6.34, 95% CI: 3.78–10.65), earlier self-reported stroke
(RR 6.08, 95% CI: 1.71–21.61), daily use of hypnotics (RR 8.84,
95% CI: 5.41–12.34) and sedatives (RR 6.43, 95% CI: 3.38–
12.25) or if combined (RR 7.55, 95% CI: 4.62–12.34) carried
the largest excess risk.
When analysing risk factor distribution in relation to different
external causes (fall, suicide, violence and others) the three most
often observed risk factors were: fall injuries among men (single
or not cohabiting, daily use of hypnotics and/or sedatives and
permanent impairment) and for women (stroke, single or not
cohabiting and daily use of hypnotics and/or sedatives); suicides
for men (stroke, use of hypnotics and/or sedatives and dizziness)
and among women (daily use of sedatives, sleeping difficulties
and permanent impairment); intentional violence among men
(self-reported previous injury, occupation and back pain), no
significant risk factors were observed for women; and among all
other causes for men (daily use of hypnotics and/or sedatives and
previous injury) and among women (single or not cohabiting,
back pain and permanent impairment). Additionnally, stroke
was overrepresented among women in fall injuries (RR 9.62, CI:
2.39–38.74) and among men in suicides (RR 13.75, CI: 1.61–
117.29). Finally, self-reported previous injury was overrepresented
among men in intentional violence (RR 4.89, CI: 1.63–14.66).
When controlling for overall mortality the relative risk increased
by 10–20% for the variables in the bivariate analysis and with a
diminishing change in the multivariate analysis.

each admission for misclassified late effects is recommended as a
separate study.
Persons with repetitive injuries have a significantly higher total
mortality (34.4%) during follow-up compared to persons with
single injuries (18.7%) and others (10.3%). A significant
difference for injury mortality was observed between those
hospitalized for injury and others (p<0.001), as could be expected. However, injury mortality among persons with repetitive
injuries (2.8%) were comparable to those with single injuries
(2.6%).
An interesting finding is that injuries due to falls from the same
or a higher level also account for 74% of all days of hospital care
(12,814/17,420). Here, too, a difference between men and
women was observed for both number of (fall) injuries and days
in hospital. Men with three or more fall injuries account for 23%
of all fall injuries among men but for 69% (3,702 days) of all
men’s days of hospital care. The corresponding figures for women
are 19% of fall injuries and 55% of days in hospital (4,149 days).

Repetitive injuries and costs
DISCUSSION

It has been observed that a small group of patients (18% of all
injury patients) account for more than 4/5 of the total consumption and related costs of hospital care for injuries. Patients
with three or more admissions for care accounted for 63% of all
medical costs in the study group. The average length of hospital
care for injuries increased in women when the number of fall

injuries increased. However, the average length of hospital care
in fall-related injuries did not increase per admission when the
number of fall injuries increased. Other cohort studies have
found that people who fell at least once in the year prior to
baseline survey had about a 50% greater risk of a subsequent hip
fracture than people who had not fallen.22,26 Among patients
with multiple health problems including balance disorders fall

Table 4 Number of injuries, all external causes (E codes), bivariate analyses and relative risks (RR) with 95% CI, Stockholm Health of the
Population Study, 1984–1996, aged 20–89 years
Risk factors (exposed/unexposed)

One injurya (n=347)
RR (95% CI)

Two injuriesa (n=119)
RR (95% CI)

Three injuriesa (n=108)
RR (95% CI)

0.86 (0.70–1.05)

0.74 (0.52–1.06)

0.78 (0.53–1.14)

Occupation (unemployment/employment)

1.13 (0.91–1.40)

1.38 (0.93–2.05)

1.12 (0.71–1.77)

Divorced (yes/no)

1.36 (1.06–1.75)

1.49 (0.93–2.05)

1.23 (0.75–2.02)

Widow(er) (yes/no)

1.46 (2.09–3.99)

1.83 (0.99–3.35)

1.47 (0.75–2.86)

Unmarried, single (single/cohabiting)

2.89 (2.09–3.99)

5.19 (3.03–8.87)

6.34 (3.78–10.65)

Living alone (yes/no)

1.37 (1.11–1.70)

2.24 (1.57–3.19)

3.08 (2.13–4.46)

State of health (very bad, rather bad, neither good nor
bad/good)

2.46 (1.87–3.24)

3.00 (1.85–4.86)

3.50 (2.18–5.63)

Back pain (never, occasionally/sometimes or often)

1.70 (1.37–2.10)

2.00 (1.38–2.90)

2.62 (1.76–3.92)

Muscular tension (never, occasionally/sometimes or often)

0.65 (0.48–0.88)

0.53 (0.32–0.89)

0.72 (0.39–1.32)

Depression (never, occasionally/sometimes or often)

0.71 (0.57–0.89)

0.76 (0.51–1.13)

0.63 (0.40–0.99)

Sleeping problems (never, occasionally/sometimes or often)

1.41 (1.09–1.82)

3.30 (2.26–4.82)

3.61 (2.41–5.42)

Dizziness (sometimes or often/never, occasionally)

1.29 (0.81–2.08)

1.38 (0.93–2.05)

1.90 (0.84–4.27)

Stroke (yes/no)

1.99 (0.57–7.02)

7.66 (2.83–20.75)

6.08 (1.71–21.61)

Alcohol 1–100 g/m (1–100g/0)

1.57 (0.83–2.97)

0.92 (0.23–3.71)

1.73 (0.64–4.68)

Alcohol 100–500 g/m (100–500g/0)

0.94 (0.73–1.19)

0.74 (0.49–1.12)

0.61 (0.39–0.93)

Alcohol 500–1000 g/m (500–1000g/0)

1.13 (0.81–1.56)

0.85 (0.47–1.53)

0.88 (0.50–1.57)

Alcohol >1000 g/m (>1000g/0)

1.59 (1.10–2.30)

1.48 (0.79–2.79)

0.50 (0.18–1.39)

Hypnotics, temporary (sometimes/no)

1.54 (1.14–2.10)

2.41 (1.48–3.94)

3.41 (2.10–5.53)

Hypnotics, daily (daily/no)

2.42 (1.62–3.62)

5.56 (3.26–9.50)

8.84 (5.41–14.45)

Sedatives, temporary (sometimes/no)

1.72 (1.19–2.48)

1.89 (0.97–3.69)

2.51 (1.32–4.78)

Sedatives, daily (daily/no)

1.62 (0.84–3.12)

5.36 (2.84–10.14)

6.43 (3.38–12.25)

Hypnotics/Sedatives, temporaryb (sometimes/no)

1.54 (1.16–2.05)

2.26 (1.40–3.63)

3.54 (2.25–5.58)

Hypnotics/Sedatives, dailyc (daily/no)

2.28 (1.57–3.32)

5.34 (3.24–8.80)

7.55 (4.62–12.34)

Self-reported previous injury (yes/no)

1.38 (1.05–1.80)

2.76 (1.86–4.09)

1.76 (1.10–2.81)
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Sex (male/female)

a: One, two, and three or more injury cases are compared with the group not reported to have had any injury during the study period.
b: Hypnotics and/or sedatives temporarily (and not daily). c: Hypnotics and/or sedatives daily.

Table 5 Number of injuries by all external causes (E codes) both sexes, age groups 20–89 years, multivariate analysesa by relative risks (RR)
with 95% CI, Stockholm Health of the Population Study, 1984–1996
Risk factors

One injury
RR (95% CI)

Two injuries
RR (95% CI)

Three injuriesb
RR (95% CI)

Sex

1.28 (0.99–1.65)

1.29 (0.80–2.09)

0.89 (0.52–1.50)

Agec

1.02 (1.01–1.03)

1.04 (1.02–1.05)

1.04 (1.03–1.06)

Living alone

1.48 (0.30–6.68)

4.58 (1.01–20.37)

3.34 (0.61–18.03)

Back pain

1.43 (1.08–1.88)

1.29 (0.79–2.10)

1.41 (0.83–2.38)

Muscle strain

1.15 (0.76–1.74)

1.32 (0.68–2.54)

1.15 (0.55–2.44)

Stroke

1.11 (0.85–1.45)

1.49 (0.95–2.36)

2.14 (1.31–3.50)

Dizziness

0.95 (0.55–1.64)

1.78 (0.88–3.59)

0.67 (0.26–1.75)

Alcohol (0–100 g/m)

1.80 (0.83–3.82)

1.54 (0.34–6.99)

1.63 (0.44–5.97)

Alcohol (100–500 g/m)

1.27 (0.94–1.71)

1.42 (0.82–2.46)

1.01 (0.58–1.76)

Alcohol (>500 g/m)

1.95 (1.36–2.78)

2.17 (1.13–4.17)

1.09 (0.53–2.24)

Hypnotics/sedativesd

1.18 (0.86–1.62)

1.50 (0.90–2.48)

1.95 (1.15–3.29)

Self-reported previous injury

1.34 (0.97–1.86)

3.42 (2.16–5.42)

1.83 (1.03–3.27)

a: We have included variables from the model in the bivariate analysis. The reference categories for the variables are shown in table 4.
b: One, two, and three or more injury cases are compared with the group not reported to have had any injury during the study period.
c: Age is categorized in ten-year intervals.
d: Hypnotics and/or sedatives temporarily or daily.
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may be due to confounding between intake of sedatives and/or
hypnotics and alcohol consumption.
It was observed that daily use of hypnotics and sedatives carry a
significantly increased risk in both sexes together, as well as in
each sex separately. Use of certain psychotropic drugs such as
tricyclic antidepressants and selective serotonin re-uptake
inhibitators has been suggested as risk factor for falling and hip
fractures.30,31 The role of benzodiazepines is more disputed.
Some studies have found a positive relationship between
benzodiazepines, especially the longer acting ones, and hip
fracture.32,33 Other studies have not found any association
between sedative-hypnotic drugs and hip fracture.34,35 In a study
recently published based on information from questionnaires,
medical records and plasma samples no association was found
between the use of benzodiazepines and hip fracture. However,
hip fracture was associated with the use of two or more
benzodiazepines, as determined from questionnaires or medical
records but not from plasma samples.36 Does the mental state
which led to prescription/use of bensodiazepines include reduced
awareness, decreased balance, etc. increasing the risk of falls and
other injury?
Sedatives and hypnotics have been reported by the manufacturers to influence balance, judgement and physical ability,
which may explain the increased risk of injury and repeated
injuries among those using these drugs. We do not know how
many of those reporting use of sedatives and hypnotics at the
baseline examination really used these drugs in connection with
the injury. Although this is a longitudinal study we could not
decide whether the identified factors function also as triggering
besides being contributing.
One advantage of the study is the large cohort of over 4000
people surveyed about potential risk factors and followed over a
12-year period using logistic regression. Only a few longitudinal
studies have been done in the field of injury epidemiology.17
Also, the possibility to link survey data to the national inpatient
and cause-of-death registers is not easy in many other countries.
Finally, costs of injuries are seldom calculated in epidemiological
studies of injuries.
Contributors
Bjarne Jansson directed the study, contributed to the interpretation
of the results, and wrote the paper. Anders Leifman and Marlene
Stenbacka analysed the data and contributed to the writing of the
paper. Anders Romelsjö participated in the planning of the study,
interpretation of the results and contributed to the writing of the
paper.
Supported by grants from the Stockholm County Council, Sweden.

REFERENCES
1
Greenwood M, Woods HM. The incidence of industrial
accidents upon individuals with special reference to multiple
accidents. Industrial Fatigue Research Board, Report no 4, 1919
(in Waller, 1985).
2
Bernacki EJ. Accident proneness or accident liability:
which model for industry? Connecticut Med 1976;40:535-8.
3
Rawson AT. Accident proneness. Psychosomatic Med
1944;6:88-94.
4
Alexander F. The accident prone individual. Public Health
Rep 1949;64:357-62.
5
Behan RC, Hirschfeld AH. Current concepts of accident
proneness. Arch of Env Health 1966;13:462-6.
6
Mellinger GD, Mannheimer DI. An exposure-coping model
of accident liability among children. J Health Soc Behav
1967;8:96-106.
7
Marcus H. The accident repeater: a comparative
psychiatric study. Ind Med Surg 1968;37:768-73.
8
Jansson B. The yield of systems for continuous and
periodic injury surveilance in Swedish emergency care with

Downloaded from http://eurpub.oxfordjournals.org/ at Pennsylvania State University on February 26, 2014

166

accidents occur relatively often. In tables 4 and 5 ‘self-reported
previous injury’ is significant for both two and two or more injury
admissions. However, not all fall accidents need hospital care.
But during a longer follow-up period, e.g. 12 year, we assume,
based on the literature, that such a vulnerable risk group reflected
in the bi- and multivariate analyses, could have been hospitalized
for the typical injuries connected to fall injuries on several new
occassions, late effects excluded. Altogether, injuries related to
falls, suicide attempts and transport were overrepresented among
patients with repetitive trauma requiring hospital care.
In this study, costs are calculated as the average for a public
orthopaedic department, and both care and treatment are included. However, there are differences between different types
of department, e.g. neurosurgery, intensive care, burns units and
orthopaedic surgery. No information was available in the
inpatient register on the involvement of different departments
in the cases analysed. Therefore we used the average costs for
the department responsible for the major part of the emergency
cases due to fall injuries, the orthopaedic units in the region,
SEK 5 181 (USD 575) per treated patient. A more informed
calculation would probably increase the costs, owing to the
involvement of neurosurgery, especially for severe injuries
from transport accidents. Besides these direct medical costs
there are non-medical costs, e.g. costs related to transportation
and social services and loss of production. We lack information
about these costs. This means that the total costs show a skew
distribution with number of hospitalizations (one, two, three or
more).
A general problem in questionnaire surveys is the increasing
non-participation rates. However, the non-response rate of the
data collection in this survey has been scrutinized separately.28
For example, a higher percentage of inpatients with alcoholrelated disease was observed among the non-participants. We
have no information indicating that the association between risk
factors and hospitalization for injury is similar among the nonparticipants in our study.8,9 There may be an overrepresentation
of persons with repetitive injuries among non-participants, for
example, the proportion of subjects hospitalized with a diagnosis
of alcoholism, alcohol intoxication or alcohol psychosis was
higher among non-participants. This would result in underestimation of the occurrence of the phenomenon in the population and the consequent cost of hospital treatment and care.
Another problem is recall error when reporting the use of drugs
and the amount of alcohol consumption, usually leading to an
underestimation of relative risk. However, self-reported sleeping
and depressive disorders were significantly correlated to severe
repetitive injuries. Quality studies of Swedish inpatient registers
and the cause-of-death register state that 99% of the patients are
found in both registers.29 So, it is concluded that matching is
close to 100%.
Using registry inpatient data should be regarded as routine in
clinics searching for patients with multi-level problems, e.g.
repetitive injuries divided into age and socioeconomic status. We
lacked resources to search for information in the medical records
and to scrutinize each admission. Additionnally, the problem of
late effect misclassifications should be given extra attention in
clinical reporting systems. However, the scrutinization of each
admission for misclassified late effects is recommended to be
carried out in a separate study.
The same risk factors were found for one, two, and for three or
more hospitalizations for injury (tables 4 and 5). These were high
age, stroke, back pain, daily use of hypnotics and sedatives
and high alcohol consumption. In this group, self-reported
treatment for injuries was also a risk factor. The relative risks
changed slightly between the bivariate and multivariate
analyses, indicating limited confounding. However, the risks
were higher for the different levels of alcohol consumption in
the multivariate analyses than in the bivariate analyses, which

Repetitive injuries and costs
in patients with Parkinsonism: a population-based study in
Olmsted County, Minnesota. Age Ageing 1992;21:32-8.
24
Annegers JF, Melton LJ III, Sun CA, et al. Risk factors for
age-related fractures in patients with unprovoked seizures.
Epilepsia 1989;30:348-55.
25
Felson DT, Anderson JJ, Hannan MT, et al. Impaired vision
and hip fracture: the Framingham Study. J Am Geriatr Soc
1989;37:495-500.
26
Cummings SR, Nevitt MC, Browner WS, et al. Risk factors
for hip fracture in white women. Study of Osteoporotic Fractures
Research Group. N Engl J Med 1995;332:767-73.
27
Waller JA. Injury control: a guide to the causes and
prevention of trauma. Lexington, MA: Lexington Books, 1985.
28
Blennow G, Romelsjö R, Leifman H, Leifman A, Karlsson G.
Sedatives and hypnotics in Stockholm: social factors and kinds of
use. Am J Public Health 1994;84:242-6.
29
Nilsson AC, Spetz CL, Carsjö K, Nightingale R, Smedby B.
Slutenvårdsregistrets tillförlitlighet (Reliability of the hospital
registry. The diagnostic data are better than their reputation).
Läkartidningen 1994;91:603-5.
30
Cumming RG. Epiemiology of medication-related falls and
fractures in the elderly. Drugs Aging 1998;12:43-53.
31
Liu B, Anderson G, Mittman N, To T, Axcell T, Shear N.
Use of selective serotonin re-uptake inhibitors of tricyclic
antidepressants and risk of hip fractures in elderly people. Lancet
1998;351:1303-7.
32
Cumming RG, Klineberg RJ. Psychotropics, Thiazide
diuretics and hip fractures in the elderly. Med J Aust
1993;158:414-7.
33
Ray WA, Griffin MR, Downey W. Benzodiazepines of long
and short elimination half-life and the risk of hip fracture. JAMA
1989;262:3303-7.
34
Weintraub M, Handy BM. Benzodiazepines and hip
fracture: the New York State experience. Clin Pharmacol Ther
1993;54:252-6.
35
Wysowski DK, Baum C, Ferguson WJ, Lundin F, Ng Mj,
Hammerstrom T. Sedative-hypnotic drugs and the risk of hip
fracture. J Clin Epidemiol 1996;49:111-13.
36
Pierfitte C, Macouillard G, Thicoipe M, et al.
Benzodiazepines and hip fractures in elderly people: a
case-control study BMJ 2001;322:704-8.

Downloaded from http://eurpub.oxfordjournals.org/ at Pennsylvania State University on February 26, 2014

emphasis on farm-work-related accidents. Scand J Soc Med
1987;15:247-52.
9
Jansson B, Svanström L. Evaluation of a system for injury
surveillance in Swedish emergency care. Scand J Soc Med
1989;17:7-11.
10
Schelp L, Svanström L. One-year incidence of home
accidents in a rural Swedish municipality. Scand J Soc Med
1986;14:75-82.
11
Lindqvist K. Epidemiology of accidents in a Swedish
municipality. Accid Anal Prev 1989;21:33-43.
12
Cumming RG, Nevitt MC, Cummings SR. Epidemiology of
hip fractures. Epidemiol Rev 1997;19(2):244-57.
13
Tinetti ME, Speechley M, Ginter SF. Risk factors for falls
among elderly persons living in the community. N Engl J Med
1988;319:1701-7.
14
Clemson L, Cumming RG, Roland M. Case-control study
of hazards in the home and risk of falls and hip fractures. Age
Ageing 1996;25:97-101.
15
Grisso JA, Kelsey JL, O’Brien LA, et al. Risk factors for hip
fracture in men. Hip Fracture Study Group. Am J Epidemiol
1997;145:786-93.
16
Grisso JA, Kelsey JL, Strom BL, et al. Risk factors for falls
as a cause of hip fracture in women. The Northeats Hip Fracture
Study Group. N Engl J Med 1991;324:239-46.
17
Malmivaara RA, Heliovaara H, Knekt P, Reunanen A,
Aromaa A. Risk factors for injurious falls leading to
hospitalization or death in a cohort of 19,500 adults. Am J
Epidemiol 1993;138:384-94.
18
Campbell AJ, Borrie MJ, Spears GF. Risk factors for falls
in a community-based prospective study of people 70 years and
older. J Gerontol 1989;44:M112-17.
19
Melton LJ III, O’Fallon M, Riggs BL. Secular trends in the
incidence of hip fractures. Calcif Tissue Int 1987;41:57-64.
20
Nevitt MC, Cummings SR. Falls and fractures in older
women. In: Vellas B, Toupet M, Rubenstein L, et al., editors.
Falls, balance and gait disorders in the elderly. Proceedings of
the International Symposium "Falls in the Elderly," Madrid, Spain,
10 September, 1991. Paris, France: Elsevier, 1992:69-80.
21
Johnell O, Nilsson BE. Hip fracture and accident
disposition. Acta Orthop Scand 1985;56:302-4.
22
Wolinsky FD, Fitzgerald JF. The risk of hip fracture
among non-institutionalized older adults. J Gerontol
1994;49:S165-75.
23
Johnell O, Melton LJ III, Atkinson EJ, et al. Fracture risk

Received 18 April 2002, accepted 3 February 2003

167

