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Abstract

Background: Although falls in older adults are related to multiple risk factors, these factors have commonly been studied individually. We 
aimed to identify risk profiles for injurious falls in older adults by detecting clusters of established risk factors and quantifying their impact 
on fall risk.
Methods: Participants were 2,566 people, aged 60 years and older, from the population-based Swedish National Study on Aging and Care in 
Kungsholmen. Injurious falls was defined as hospitalization for or receipt of outpatient care because a fall. Cluster analysis was used to identify 
aggregation of possible risk factors including chronic diseases, fall-risk increasing drugs (FRIDs), physical and cognitive impairments, and 
lifestyle-related factors. Associations between the clusters and injurious falls over 3, 5, and 10 years were estimated using flexible parametric 
survival models.
Results: Five clusters were identified including: a “healthy”, a “well-functioning with multimorbidity”, a “well-functioning, with multimorbidity 
and high FRID consumption”, a “physically and cognitively impaired”, and a “disabled” cluster. The risk of injurious falls for all groups was 
significantly higher than for the first cluster of healthy individuals in the reference category. Hazard ratios (95% confidence intervals) ranged 
from 1.71 (1.02–2.66) for the second cluster to 12.67 (7.38–21.75) for the last cluster over 3 years of follow-up. The highest risk was observed 
in the last two clusters with high burden of physical and cognitive impairments.
Conclusion: Risk factors for injurious fall tend to aggregate, representing different levels of risk for falls. Our findings can be useful to tailor 
and prioritize clinical and public health interventions.
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Falls are a major public health concern, posing tremendous bur-
dens on older people, their families, and the society. One out of 
three persons over the age of 60 experiences a fall each year (1,2), 
and 10% of those result in an injurious outcome that need medi-
cal care (1). Injurious falls are associated with increased risk of 
hospitalization, functional dependence, reduced quality of life, and 
premature death (2).

In recent decades, an increasing number of epidemiological stud-
ies have investigated risk factors for falls (1–4). Several risk factors 
have been identified including: sociodemographic (eg, age, sex, living 
situation, physical inactivity), psychologic and medical (eg, cognitive 

impairment, depressive symptoms, chronic diseases, pain), medica-
tion use (eg, fall-risk increasing drugs), and mobility and sensory 
factors (eg, balance and gait impairments, vision problems) (4–6).

Despite extensive research on individual risk factors in older 
people the possibilities to predict who will fall and who will not 
is still quite low (7), possibly because risk factors interact rather 
than having an independent effect. To our knowledge, only two 
studies have studied specific patterns of fall risk factors in relation 
to falls (8,9). These studies have showed that combining risk fac-
tors result in the best prediction of future fall risk. However, none 
of these studies have examined clusters of risk factors in relation 
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to injurious falls over different lengths of follow-up. Knowledge of 
the relationship between these risk factors may help clinicians to 
tailor interventions by identifying people at different risk levels for 
injurious falls.

The aim of this study was to detect different risk groups of older 
adults based on previously identified sociodemographic, psycho-
logic, medical, medication use, mobility, and sensory risk factors for 
falls. Furthermore, we aimed to examine to what extent the risk of 
injurious falls differs between those groups, over a short, medium, 
and long follow-up time (3, 5, and 10 years, respectively). Finally, 
we explored to what extent the different risk-combinations in the 
specific clusters was attributable to injurious falls.

Methods

Study Population
We used data from the Swedish National study on Aging and Care 
in Kungsholmen (SNAC-K) (10). The population in Kungsholmen, 
a central area of Stockholm, were first stratified by age and then 
randomly sampled from each of the 11 age cohorts (60, 66, 72, 
78, 81, 84, 87, 90, 93, 96, and 99+ years). At baseline survey (year 
2001–2004), 5,111 persons were initially invited to participate 
in the SNAC-K study, of those 200 died before start of the study, 
262 were not able to be contacted, 4 were deaf, 23 did not speak 
Swedish, and 32 had moved out. Of the remaining 4,590 persons, 
3,363 (73.3%) were examined at baseline. We excluded participants 
with missing data on any of the variables included in the cluster 
analysis (n  = 797). The analytical sample (n  = 2,566) was signifi-
cantly younger (baseline mean age ± SD 72.1 ± 9.86 vs 83.3 ± 10.95, 
p < .001), included fewer people living in an institution (2.1% vs 
30.5%, p < .001) and fewer women (61.2% vs 76.7%, p < .000) 
than the excluded group.

The SNAC-K project was approved by the Regional Ethical 
Review Board in Stockholm, Sweden. Written informed consent was 
obtained from all participants. If a person could not answer, a proxy 
(usually a close family member) was asked for consent.

Data Collection
Data on cognitive, demographic-, health-, and lifestyle-related factors 
were collected at our centre or the participant’s home through inter-
views, clinical examinations, and testing by nurses and physicians. 
All data were collected at the same occasion for each participant.

Sociodemographic factors
Information on age, sex, and education (categorized as elementary 
school, high school, or university) was registered. Living situation 
was categorized as living with someone or living alone.

Lifestyle-related factors
Smoking status was categorized as never, former, and current smok-
ing. Alcohol intake was divided into three categories: no or occa-
sional, light-to-moderate (1–7 drinks/wk for women and 1–14 
drinks/wk for men), and heavy (≥8 drinks/wk for women and ≥15 
drinks/wk for men) (11). Physical activity (PA) was divided into 
three categories depending on the frequency and intensity of PA 
during the past 12  months: (i) inactive: less than weekly PA; (ii) 
health-enhancing: light PA several times per week; and (iii) fitness-
enhancing: moderate/intense PA several times per week (12). Weight 
and height were measured using standard methods. Body mass index 
was calculated by dividing weight in kilograms by height in meters 

squared, and was categorized as underweight <20, normal 20–24, 
overweight 25–29, and obese ≥30 (13).

Psychologic and medical factors
Depressive symptoms were assessed by use of the Montgomery-
Åsberg Depression Rating Scale (MADRS) (14). The scale has a max-
imum score of 60, and a score ≥7 indicates depressive symptomology 
(15). Cognitive function was examined using the Mini-Mental State 
Examination (MMSE), and a score ≤ 27 was defined as cognitive 
impairment. A cutoff of ≤27 have shown to better identify cognitive 
impairment among highly educated older adults than the traditional 
cutoff of 24 (16). The presence of pain was assessed with the ques-
tion, “In the last four weeks, have you experienced pain?” Response 
alternatives were “yes” and “no.” Chronic diseases were diagnosed 
on the basis of a combination of medical records, clinical examina-
tion and patient history. A disease was defined as chronic if it was 
of prolonged duration, left residual disability, worsened quality of 
life, or required a long period of care, treatment, or rehabilitation. 
A detailed list of the included diseases is presented elsewhere (17).

Medication use
Fall Risk Increasing Drugs (FRIDs) were defined in accordance with 
the Swedish National Board of Health and Welfare (18). For a list of 
fall-risk inducing medications, see Supplementary Table 1.

Mobility and sensory risk factors
Walking speed was assessed by asking the participant to walk 6 m 
or, if the participant reported walking quite slowly, 2.4 m at a self-
selected speed (19), and categorized as: fast > 1.2 m/s, intermedi-
ate 0.6–1.2 m/s, or slow < 0.6 m/s/inability to walk (20). Balance 
was measured as the time the participant could stand on one leg. 
Each leg was tested twice, and the best overall score was used (21). 
Impairment was defined as a one-leg standing time < 5 seconds (22). 
Chair stands were assessed by asking the participants to stand up 
and sit down five times as fast as they could, without using the arms 
(19), and categorized as: faster than 16.7 seconds, slower than 16.7 
seconds, or unable to perform the test (23). Disability was defined 
as being dependent on help by another person in one or more of the 
following Activities of Daily Living or instrumental: bathing, dress-
ing, toileting, transferring/moving, feeding/eating, grocery shopping, 
cooking, cleaning, doing laundry, managing money, use of telephone, 
and using public transportation (24). Vision was assessed by asking 
participants if they experienced vision problems. Response alterna-
tives were “yes” and “no.” Self-reported visual impairment is con-
sidered a valid measure for adverse outcomes among older adults 
(25,26).

Injurious falls
An injurious fall was defined as hospitalization for or receipt of 
outpatient care because of a fall (27). Discharge diagnoses from the 
International Classification of Diseases, Tenth Revision (ICD-10), 
from the date of the baseline examination until the last available 
date (December 2011)  were used to identify falls. These included 
the external cause codes W00, W01, W05-W10, and W17-W19, 
which represent falls on the same level (W00, W01, W18), falls 
including furniture, wheelchair, etc. (W05-W09), falls from one level 
to another, for example, from stairs (W10, W17), and unspecified 
falls (W19). These codes were chosen to represent a low trauma 
fall without involvement of a second person. This information was 
retrieved from the National Patient Register, which includes data 
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from inpatient care and specialized outpatient care, and from the 
Local Outpatient Register, which includes data from primary care in 
the Stockholm County Council area (28). Outcome status was deter-
mined by linking each participant’s personal identification number 
to the registers. Because of the personal identification number link-
age the loss of follow-up data is minimal (29). The Swedish health 
care registers have been shown to be highly reliable (28). Data on 
previous falls included injurious falls within 3 years before the base-
line examination.

Vital status
Information about the vital status of the participants until December 
2011 was obtained from the Swedish Cause of Death Registry.

Data Analysis
Clusters were identified using Ward’s linkage. Ward´s linkage cluster-
ing is a hierarchical agglomerative clustering method that builds on 
the analysis of variance sum of squares, where the sum of squares 
within-cluster is minimized (30). This clustering procedure is charac-
terized by the tree-like structure and the clusters are generated accord-
ing to the characteristics of the subjects and not according to the single 
variables. In the first step, each subject represents an individual cluster. 
These clusters are then sequentially merged according to their similar-
ity. First, the two most similar clusters (those with the smallest distance 

between them) are merged to form a new cluster at the bottom of 
the hierarchy. In the next step, another pair of clusters is merged and 
linked to a higher level of the hierarchy, and so on. The number of 
clusters was chosen based on the balance between intra-cluster simi-
larity and inter-cluster variance, and a combination of studying tree 
diagrams and proportions of each factor included was used.

We used flexible parametric survival models to estimate hazard 
ratios (HRs) and 95% confidence intervals (CIs) for the association 
between the different clusters and injurious falls. Participants were 
considered at risk from the date of the baseline examination. Risk 
of injurious falls was analyzed, censoring the observation time at 
three different points in time: 3, 5, and 10 years after baseline or 
at the date of death (172 participants died within 3 years of base-
line, 329 within 5 years, and 694 within 10 years). The Population 
Attributable Risk of injurious falls was calculated by using the for-
mula for survival studies to estimate the proportion of injurious falls 
averted in the hypothetical scenario that we would be able to elimi-
nate the specific cluster of risk factors. To explore possible age- and 
sex differences between risk of injurious falls between the clusters, 
we also run the analyses stratifying by sex and age. An additional 
analysis was conducted excluding individuals living in a nursing 
home. Finally, the effect of missing values was evaluated by per-
forming imputations of 15 imputed datasets using multiple imputa-
tions chained equations (31). We pooled the estimates using Rubin’s 
rule to obtain valid statistical inferences. All the relevant variables 

Table 1. Description of the Sociodemographic and Lifestyle-related Characteristics Among the Five Different Clusters, in Percentagea

Cluster 1  
n = 879, 34.3%

Cluster 2  
n = 289, 11.3%

Cluster 3  
n = 734, 28.6%

Cluster 4  
n = 274, 10.7%

Cluster 5  
n = 390, 15.2%

All  
N = 2,566, n (%)

Gender
 Women 56.2 45.7 59.7 72.6 79 1,571 (61.2)
 Men 43.8 54.3 40.3 27.4 21 995 (38.8)
Age
 60–66 75.7 66.8 40.5 11.7 1.3 1,192 (46.5)
 72–78 20.8 30.8 48.6 35 15.4 785 (30.6)
 81–84 3.5 2.4 10.6 31 31.5 324 (12.6)
 87+ 0.0 0.0 0.3 22.3 51.8 265 (10.3)
Living with someone
 Yes 60.9 56.7 52.2 34.3 18.2 1,247 (48.6)
 No 39.1 43.3 47.8 65.7 81.8 1,319 (51.4)
Education
 Elementary school 5.7 7.3 13.1 24.1 33.6 364 (14.2)
 High school 44.6 47.4 49.2 55.8 53.6 1,252 (48.8)
 University 49.7 45.3 37.7 20.1 12.8 950 (37)
Body mass index
 Under 20 2.6 1.4 4 8 16.2 141 (5.5)
 20–24 48 33.9 30.4 43.1 46.9 1,044 (40.7)
 25–29 38.1 57.4 45.6 37.6 28.5 1,050 (40.9)
 30+ 11.3 7.3 20 11.3 8.4 331 (12.9)
Smoking
 Nonsmoker 44.5 27.7 41.1 55.1 64.4 1,175 (45.8)
 Previous smoker 36.1 63 41.4 34.3 31.8 1,021 (39.8)
 Smoker 19.4 9.3 17.5 10.6 3.8 370 (14.4)
Alcohol intake
 None or occasional 19 18 26.1 46.7 59.8 772 (30.1)
 Moderate 67.9 59.2 63.9 50.4 38.7 1,526 (59.5)
 Heavily 13.1 22.8 10 2.9 1.5 268 (10.4)
Physical activity level
 Inactive 16.6 12.8 21 25.9 56.2 627 (24.4)
 Health enhancing 49.5 43.6 58.6 66.4 39.2 1,326 (51.7)
 Fitness enhancing 33.9 43.6 20.4 7.7 4.6 613 (23.9)

Note: aThe categories marked in bold are those who contributed significantly (p < 0.05) to the formation of each cluster.
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included in the main analysis, including the outcome, were used in 
the multiple imputation models. Statistical analyses were performed 
with version 14 of Stata software (StataCorp, TX).

Results

The cluster analysis identified five major clusters of risk profiles for 
falls. Tables 1 and 2 show the characteristics of the participants in 
the different clusters. Of all participants, 54 (2%) lived in a nurs-
ing home (none of the individuals in Cluster 1, 1.9% in Cluster 2, 
11.1% in Cluster 3, 7.4% in Cluster 4, and 79.6% of the individuals 
in Cluster 5).

Cluster 1: “Healthy” (n = 879, mean age 65.8 ± 6.3, 
56.2% women)
In this cluster, the younger participants were over-represented 
(75.7% 60–66 years old). Most people were living with someone 

and were highly educated. A large proportion of participants was 
nonsmokers, normal- or overweight, physically active, and had 
moderate alcohol consumption. Furthermore, most people were 
free from chronic diseases, pain, cognitive and physical impair-
ment, depressive symptomology, disability, and used no FRIDs. 
This cluster was used as the reference group in the survival 
models.

Cluster 2: “Well-functioning with multimorbidity” (n = 289, 
mean age 67.3 ± 6.5, 45.7% women)
Cluster 2 is similar to cluster 1 in terms of age, cohabitation status, 
education, body mass index, physical activity, FRIDs, cognitive and 
functional status. Relative to the whole population, this cluster had 
the highest proportion of previous smokers, most heavily drinkers, 
and the highest proportion of men. Furthermore, the prevalence of 
pain and chronic diseases were higher than in cluster 1 (only 2.4% 
had no chronic disease).

Table 2. Description of the Medical and Psychological Factors, FRIDs, Sensory and Mobility Factors Among the Five Different Clusters, in 
Percentagea

Cluster 1  
n = 879, 34.3%

Cluster 2  
n = 289, 11.3%

Cluster 3  
n = 734, 28.6%

Cluster 4  
n = 274, 10.7%

Cluster 5  
n = 390, 15.2%

All  
N = 2,566, n (%)

Problems with vision
 Yes 38.1 55.4 52 48.9 64.4 1,262 (49.2)
 No 61.9 44.6 48 51.1 35.6 1,304 (50.8)
Pain
 Any pain last 4 wk 23 36.7 41.3 38.7 47.9 904 (35.2)
 No pain last 4 wk 77 63.3 58.7 61.3 52.1 1,662 (64.8)
Depressive symptoms
 Less than 7 95.1 92.7 84.2 93.8 79.2 2,288 (89.2)
 7+ 4.9 7.3 15.8 6.2 20.8 278 (10.8)
MMSE score
 Less than 28 4.2 8.7 9 21.5 39.5 341 (13.3)
 28+ 95.8 91.3 91 78.5 60.5 2,225 (86.7)
Chronic diseases
 None 62.3 2.4 1.6 15.3 0.8 612 (23.9)
 1 32.7 34.6 26 43.8 15.1 758 (29.5)
 2+ 4.9 63 72.4 40.9 84.1 1,196 (46.6)
FRIDs
 None 88.8 64.7 3.7 75.2 7.7 1,230 (47.9)
 1 11 31.8 26.7 22.6 23.6 539 (21)
 2+ 0.2 3.5 69.6 2.2 68.7 797 (31.1)
ADL and/or IADL
 No dependencies 99.3 94.8 90.3 84.7 44.1 2,214 (86.3)
 1+ 0.7 5.2 9.7 15.3 55.9 352 (13.7)
Walking speed
 Less than 0.6 m/s 0.4 0.4 4 15 52.1 277 (10.8)
 0.6–1.2 m/s 55.6 60.9 76.8 80.3 47.2 1,633 (63.6)
 1.3 m/s or faster 44 38.7 19.2 4.7 0.7 656 (25.6)
Balance
 Less than 5 s 7.4 8.7 24.4 60.2 83.6 760 (29.6)
 5 s or more 92.6 91.3 75.6 39.8 16.4 1,806 (70.4)
5 time chair stand
 Not able to 0.3 0.7 5.9 30.3 56.7 351 (13.7)
 16.7 s or longer 7.7 10.7 18.5 35.4 24.6 428 (16.7)
 Less than 16.7 s 92 88.6 75.6 34.3 18.7 1,787 (69.6)
Previous injurious falls
 No 97.5 97.2 94.3 89.4 81.5 2,393 (93.3)
 Yes 2.5 2.8 5.7 10.6 18.5 173 (6.7)

Note: ADL = Activities of daily living; IADL =  Instrumental activities of daily living; FRID = Fall-risk increasing drugs; MMSE = Mini-Mental State  
Examination.

aThe categories marked in bold are those who contributed significantly (p < 0.05) to the formation of each cluster.
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Cluster 3: “Well-functioning, with multimorbidity and 
high FRID consumption” (n = 734, mean age 71.5 ± 7.5, 
59.7% women)
This cluster includes the highest proportions of obese people and 
people using FRIDs. A high proportion was smokers, had depressive 
symptomology, and the majority had two or more chronic diseases. 
Most people scored medium to high in the physical tests, were func-
tionally independent and without cognitive impairment.

Cluster 4: “Physically and cognitively impaired” (n = 274, mean 
age 79.8 ± 8.3, 72.6% women)
Cluster 4 includes people from all age groups. They were generally 
healthier than people in Cluster 3 in terms of fewer chronic dis-
eases and FRIDs. Relative to cluster 1–3, they generally had lower 
scores in physical function and a higher rate of cognitive impairment 
(21.5%). Few people in this cluster were smokers, heavy drinkers, or 
engaged in fitness-enhancing physical exercise.

Cluster 5: “Disabled” (n = 390, mean age 85.6 ± 6.1, 
79.0% women)
Cluster 5 includes mainly the oldest old and a majority were women. 
More than 50% were disabled and had low scores on physical tests. 
This cluster had the highest proportion of vision problems, pain, 
depressive symptomology, underweight, chronic diseases, and cogni-
tive impairment.

Association With Injurious Falls
Of the 2,566 participants, 599 were hospitalized or received out-
patient care at least once because of a fall over a 10-year follow-up 
(mean follow-up 6.47 ± 3.2 years), including180 during a 3-year fol-
low-up period (mean follow-up 2.67 ± 0.75 years) and 327 during a 
5-year follow-up period (mean follow-up 4.13 ± 1.5 years). The con-
sequences of the injurious falls are presented in the Supplementary 
Table 2. Results from the survival analysis are shown in Table 3. The 
risk of experiencing an injurious fall doubled for each cluster over 3 
years of follow-up. This trend remained stable through the different 
follow-up times for Cluster 2 and 3 while the hazard ratio decreased 
over time for Cluster 4 and 5.

In total, approximately 50% of the injurious falls were esti-
mated to be attributable to the different risk factors included in 
the clusters, the proportion for cluster 2–5 individually were; 5%, 
21%, 9%, and 14%, respectively (Figure 1). The results from the 
stratified analysis showed similar results for men and women 
(Supplementary Figure 1), and the same trend for different age 
groups (Supplementary Figure 2). The sensitivity analysis with 
imputed data showed similar results as those presented in Table 3, 
suggesting that the missing data did not introduce any significant 

bias in the results (Supplementary Table 3). In addition, the sensitiv-
ity analysis excluding individuals living in a nursing home showed 
similar results (not shown).

Discussion

In this population-based study of Swedish older adults, five risk 
factor groups were identified: “healthy”, a “well-functioning with 
multimorbidity”, a “well-functioning, with multimorbidity and high 
FRID consumption”, a “physically and cognitively impaired”, and 
a “disabled” cluster. Overall, we observed a gradient increase in the 
risk of injurious falls for people in the second to fifth cluster com-
pared to those in the first cluster. The gradient difference between the 
clusters was found both in a short (3 years), medium (5 years), and 
long (10 years) follow-up time.

Consistent with previous studies (9), we found that people 
with unhealthy lifestyle and a high burden of chronic disease, that 
is, cluster 2, had an increased risk of falling over a longer period 
of follow-up (5 and 10  years), compared to those in the refer-
ence group. Indeed, the risk of falls have been shown to increase 
with the number of chronic diseases (4,32). Our results also 
clearly indicated that these factors may increase the risk of injuri-
ous falls even in quite well-functioning individuals. One explana-
tion for this finding could be that presence of chronic disease is 
often the initial phase of the process leading to impairments and 
functional dependence (33). Thus, it is possible that people with 
unhealthy lifestyle and chronic diseases will develop physical and 
cognitive impairments over time, which in turn increase the risk 
of injurious falls.

Cluster 3 included quite well-functioning individuals with high 
proportions of chronic diseases, FRIDs, and depressive symptoms. 
Both depressive symptoms (34) and use of FRIDs (35) have been 
consistently associated with an increased risk of falls in population-
based studies. The fact that they cluster together might be explained 
by the inclusion of antidepressants and other psychotropic medica-
tion in the definition of FRIDs (18). The excess risk of falling for 
people in Cluster 3 compared to those in Clusters 1 and 2 may reflect 
the importance of FRIDs and chronic diseases as fall risk factors, and 
may also suggest that addressing older people’s mental health could 
help to improve overall health status (36).

Cluster 4 was characterized by a high proportion of people 
with physical and cognitive impairments. Although people in this 
group generally had fewer chronic diseases and used fewer FRIDs 
than people in Cluster 3, their risk of injurious falls was twice as 
high. Indeed, physical and cognitive impairments are considered as 
key risk factors for falls in older adults (4,27). Our findings from 
this cluster further support the view that physical and cognitive 
deficits are strongly interrelated in aging (37,38) and that cognitive 

Table 3. HRs with 95% CIs for the Associations Between the Different Clusters and Injurious Falls Over 3, 5, and 10 y of Follow-up Time, 
Derived from Flexible Parametric Survival Models

3 y 5 y 10 y

Clusters Number of Fallers HRs (95% CI) Number of Fallers HRs (95% CI) Number of Fallers HRs (95% CI)

Cluster 1 (n = 879) 16 Ref. 38 Ref. 104 Ref.
Cluster 2 (n = 289) 10 1.93 (0.87–4.25) 21 1.74 (1.02–2.66) 46 1.44 (1.02–2.04)
Cluster 3 (n = 734) 46 3.56 (2.01–6.28) 91 3.06 (2.10–4.47) 187 2.54 (2.00–3.23)
Cluster 4 (n = 274) 34 7.32 (4.04–13.26) 63 6.19 (4.14–9.26) 101 4.21 (3.20–5.53)
Cluster 5 (n = 390) 74 12.67 (7.38–21.75) 114 9.72 (6.73–14.03) 161 6.85 (5.34–8.78)

Note: CI = Confidence interval; HR = Hazard ratio.
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impairment might add to the risk effect of physical impairment on 
injurious falls (27,39–41).

The individuals at highest risk for injurious falls were in Cluster 
5.  These individuals had a combination of many of the risk fac-
tors, such as cognitive and physical impairment, disability, depres-
sive symptoms, low PA, several chronic diseases, and use of several 
FRIDs. This group emphasizes the importance of a multifactorial 
perspective, that the people at the highest risk do not have one or 
two risk factors—but several of them—and need a holistic approach 
to reduce the risk of falls (42).

The distribution of the age groups followed an expected pattern, 
with the oldest people in the clusters with the highest risk for injuri-
ous falls (4). However, people from most age groups were repre-
sented in all five clusters, emphasizing the importance to view the 
risk of falling from a person-centered perspective, by considering the 
complexity and between individual heterogeneity of risk of falling.

The Population Attributable Risk analysis shows that about 
50% of the injurious falls were a consequence of the risk factors 
present in cluster 2–5. Considering that the risk of falls may also 
depend on environmental and unpredictable factors, this propor-
tion is encouraging and suggests that tailored interventions could be 
effective to prevent falls.

With our study design, it is not possible to draw conclusions of 
the specific effects of each risk factor, or on the mechanisms behind 
the observed associations. The focus on this study was however on 
the patterns of risk factors (in contrast to the effect of individual 
factors), which so far has been rarely studied. Our finding of a gra-
dient difference in risk of injurious falls between the people in the 
different clusters suggest that it may be possible to identify groups 
of older adults at different levels of risk, which may help us improve 
fall-prevention strategies. For instance, people at high risk (cluster 
4–5) may be optimal targets for multifactorial interventions (42). 
In addition, detection of people at moderate risk (cluster 2–3) can 
help clinicians identify older adults who may benefit from primary 
interventions, such as physical exercise, or medication reviews (43). 
However, further research is needed to determine which combina-
tions of risk factors best predict injurious falls in older adults and 
thus should be included in the screening to identify groups of older 
adults at medium and high risk of injurious falls.

Strengths of this study include the large community-based sam-
ple of older people and the long follow-up time, which enabled us to 
examine risk over varied follow-up periods. Moreover, we employed 
objective testing of several factors and we used different sources of 
medical diagnoses, including direct clinical examination; thus lim-
iting potential biases. However, a few variables were self-reported 
(eg, vison), and although a mixture of measured and self-reported 
risk factors are commonly included in studies on fall risk (4), this 
may present a limitation of the study. Furthermore, our outcome 
was an objective measure of injurious falls from high quality register 

data, Bergström et al. found that more than 98% of all hospitaliza-
tions due to falls were correctly coded (28). A limitation of the study, 
however, is that less severe falls were most likely not captured, which 
may have led to an underestimation of the outcome. Furthermore, 
although the outcome was injurious falls, the consequences of the 
falls were unspecified in 6–12% of the cases. Thus, we do not know 
whether or to what extent those falls resulted in an injury. Other 
limitations of the study are the relatively healthy, well-educated sam-
ple of older people, which may limit the generalizability of the results 
to quite well-functioning older populations.

In summary, this study suggests that risk factors for falls appear in 
different clusters. To be in a high-risk cluster increases the risk of expe-
riencing an injurious fall between 7 and 12 times compared to being in 
a low-risk cluster. Individuals with these combinations of risk factors 
should be the target of interventions to prevent falls. In addition, the 
combination of risk factors in the middle risk clusters might be the 
optimal targets of primary prevention with a more general healthy 
aging approach, for example by addressing life-style factors.
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Supplementary data is available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.

Funding
SNAC-K is supported by the Swedish Ministry of Health and Social Affairs and 
the participating county councils and municipalities. This study was further 
supported by the Swedish Research Council (grant number 521-2014-21-96).

Acknowledgments
The authors thank all the SNAC-K participants for their invaluable contribu-
tions and our colleagues in the SNAC-K group for their collaboration in data 
collection and management.

Conflict of Interest
The authors have no conflicts of interest.

References
 1. Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J 

Med. 2003;348:42–49. doi:10.1056/NEJMcp020719
 2. Peeters G, van Schoor NM, Lips P. Fall risk: the clinical relevance of 

falls and how to integrate fall risk with fracture risk. Best Pract Res Clin 
Rheumatol. 2009;23:797–804. doi:10.1016/j.berh.2009.09.004

 3. Ganz DA, Bao Y, Shekelle PG, Rubenstein LZ. Will my patient fall? JAMA. 
2007;297:77–86. doi:10.1001/jama.297.1.77

 4. Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E. 
Risk factors for falls in community-dwelling older people: a systematic 
review and meta-analysis. Epidemiology. 2010;21:658–668. doi:10.1097/
EDE.0b013e3181e89905

 5. Lord SR, Sherrington C, Menz HB, Close JCT. Falls in Older People: 
Risk Factors and Strategies for Prevention. Cambridge: Cambridge 
University Press; 2007.

 6. Marshall LM, Litwack-Harrison S, Makris UE, et al. A prospective study 
of back pain and risk of falls among older community-dwelling men. J 
Gerontol A  Biol Sci Med Sci. 2016. doi:10.1093/gerona/glw227 (Epub 
ahead of print)

 7. Gates S, Smith LA, Fisher JD, Lamb SE. Systematic review of accuracy of 
screening instruments for predicting fall risk among independently living 
older adults. J Rehabil Res Dev. 2008;45:1105–1116.

Figure 1. Distribution of individuals in each cluster (in percentage) and the 
proportion of injurious falls averted if a specific cluster of risk factors was 
removed.

238 Journals of Gerontology: MEDICAL SCIENCES, 2018, Vol. 73, No. 2



 8. Brodie MA, Lovell NH, Redmond SJ, Lord SR. Bottom-up subspace clus-
tering suggests a paradigm shift to prevent fall injuries. Med Hypotheses. 
2015;84:356–362. doi:10.1016/j.mehy.2015.01.017

 9. Helgadottir B, Moller J, Laflamme L. Patterns in health-related behav-
iours and fall injuries among older people: a population-based study in 
Stockholm County, Sweden. Age Ageing. 2015;44:604–610. doi:10.1093/
ageing/afv051

 10. Lagergren M, Fratiglioni L, Hallberg IR, et al. A longitudinal study inte-
grating population, care and social services data. The Swedish National 
study on Aging and Care (SNAC). Aging Clin Exp Res. 2004;16:158–168. 
doi:10.1007/BF03324546

 11. Järvenpää T, Rinne JO, Koskenvuo M, Räihä I, Kaprio J. Binge drink-
ing in midlife and dementia risk. Epidemiology. 2005;16:766–771. 
doi:10.1097/01.ede.0000181307.30826.6c

 12. Rydwik E, Welmer AK, Kåreholt I, Angleman S, Fratiglioni L, Wang HX. 
Adherence to physical exercise recommendations in people over 65–the 
SNAC-Kungsholmen study. Eur J Public Health. 2013;23:799–804. 
doi:10.1093/eurpub/cks150

 13. Launer LJ, Harris T. Weight, height and body mass index distributions in 
geographically and ethnically diverse samples of older persons. Ad Hoc 
Committee on the Statistics of Anthropometry and Aging. Age Ageing. 
1996;25:300–306.

 14. Montgomery SA, Asberg M. A new depression scale designed to be sensi-
tive to change. Br J Psychiatry. 1979;134:382–389.

 15. Snaith RP, Harrop FM, Newby DA, Teale C. Grade scores of the mont-
gomery-Asberg depression and the clinical anxiety scales. Br J Psychiatry. 
1986;148:599–601.

 16. O’Bryant SE, Humphreys JD, Smith GE, et  al. Detecting dementia with 
the mini-mental state examination in highly educated individuals. Arch 
Neurol. 2008;65:963–967. doi:10.1001/archneur.65.7.963

 17. Calderon-Larranaga A, Vetrano DL, Onder G, et al. Assessing and meas-
uring chronic multimorbidity in the older population: a proposal for its 
operationalization. J Gerontol A  Biol Sci Med Sci. 2016. doi:10.1093/
gerona/glw233 (Epub ahead of print).

 18. Laflamme L, Monárrez-Espino J, Johnell K, Elling B, Möller J. Type, num-
ber or both? A population-based matched case-control study on the risk 
of fall injuries among older people and number of medications beyond 
fall-inducing drugs. PLoS One. 2015;10:e0123390. doi:10.1371/journal.
pone.0123390

 19. Seeman TE, Charpentier PA, Berkman LF, et al. Predicting changes in phys-
ical performance in a high-functioning elderly cohort: MacArthur studies 
of successful aging. J Gerontol. 1994;49:M97–108.

 20. Kelsey JL, Procter-Gray E, Hannan MT, Li W. Heterogeneity of falls 
among older adults: implications for public health prevention. Am J Public 
Health. 2012;102:2149–2156. doi:10.2105/AJPH.2012.300677

 21. Rossiter-Fornoff JE, Wolf SL, Wolfson LI, Buchner DM. A cross-sectional 
validation study of the FICSIT common data base static balance meas-
ures. Frailty and Injuries: Cooperative Studies of Intervention Techniques. 
J Gerontol A Biol Sci Med Sci. 1995;50:M291–M297.

 22. Vellas BJ, Wayne SJ, Romero L, Baumgartner RN, Rubenstein LZ, Garry 
PJ. One-leg balance is an important predictor of injurious falls in older 
persons. J Am Geriatr Soc. 1997;45:735–738.

 23. Ward RE, Leveille SG, Beauchamp MK, et al. Functional performance as a 
predictor of injurious falls in older adults. J Am Geriatr Soc. 2015;63:315–
320. doi:10.1111/jgs.13203

 24. LaPlante MP. The classic measure of disability in activities of daily 
living is biased by age but an expanded IADL/ADL measure is not. J 
Gerontol B Psychol Sci Soc Sci. 2010;65:720–732. doi:10.1093/geronb/
gbp129

 25. Laitinen A, Koskinen S, Härkänen T, Reunanen A, Laatikainen L, 
Aromaa A. A nationwide population-based survey on visual acuity, 
near vision, and self-reported visual function in the adult population 

in Finland. Ophthalmology. 2005;112:2227–2237. doi:10.1016/j.
ophtha.2005.09.010

 26. Whillans J, Nazroo J. Assessment of visual impairment: The relationship 
between self-reported vision and ‘gold-standard’ measured visual acuity. 
Br J Vis Impair 2014;32:236–48. doi:10.1177/0264619614543532

 27. Welmer AK, Rizzuto D, Laukka EJ, Johnell K, Fratiglioni L. Cognitive 
and physical function in relation to the risk of injurious falls in older 
adults: a population-based study. J Gerontol A Biol Sci Med Sci. 2016. 
2017;72:669–675. doi:10.1093/gerona/glw141.

 28. Bergström MF, Byberg L, Melhus H, Michaelsson K, Gedeborg R. 
Extent and consequences of misclassified injury diagnoses in a national 
hospital discharge registry. Inj Prev. 2011;17:108–113. doi:10.1136/
ip.2010.028951

 29. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The 
Swedish personal identity number: possibilities and pitfalls in healthcare 
and medical research. Eur J Epidemiol. 2009;24:659–667. doi:10.1007/
s10654-009-9350-y

 30. Ward JH Jr. Hierarchical grouping to optimize an objective function. J Am 
Stat Assoc. 1963;58:236–44.

 31. White IR, Royston P, Wood AM. Multiple imputation using chained 
equations: issues and guidance for practice. Stat Med. 2011;30:377–399. 
doi:10.1002/sim.4067

 32. Sibley KM, Voth J, Munce SE, Straus SE, Jaglal SB. Chronic disease and 
falls in community-dwelling Canadians over 65 years old: a population-
based study exploring associations with number and pattern of chronic 
conditions. BMC Geriatr. 2014;14:22. doi:10.1186/1471-2318-14-22

 33. Verbrugge LM, Jette AM. The disablement process. Soc Sci Med. 
1994;38:1–14. doi:10.1016/0277-9536(94)90294-1

 34. Anstey KJ, Burns R, von Sanden C, Luszcz MA. Psychological well-being is 
an independent predictor of falling in an 8-year follow-up of older adults. 
J Gerontol B Psychol Sci Soc Sci. 2008;63:P249–P257.

 35. Johnell K, Jonasdottir Bergman G, Fastbom J, Danielsson B, Borg N, Salmi 
P. Psychotropic drugs and the risk of fall injuries, hospitalisations and 
mortality among older adults. Int J Geriatr Psychiatry. 2017;32:414–420. 
doi:10.1002/gps.4483.

 36. Alexopoulos GS. Depression in the elderly. Lancet. 2005;365:1961–1970. 
doi:10.1016/S0140-6736(05)66665-2

 37. Clouston SA, Brewster P, Kuh D, et al. The dynamic relationship between 
physical function and cognition in longitudinal aging cohorts. Epidemiol 
Rev. 2013;35:33–50. doi:10.1093/epirev/mxs004

 38. Welmer AK, Rizzuto D, Qiu C, Caracciolo B, Laukka EJ. Walking speed, 
processing speed, and dementia: a population-based longitudinal study. J 
Gerontol A Biol Sci Med Sci. 2014;69:1503–1510. doi:10.1093/gerona/
glu047

 39. Callisaya ML, Ayers E, Barzilai N, et al. Motoric cognitive risk syndrome 
and falls risk: a multi-center study. J Alzheimers Dis. 2016;53:1043–
1052. doi:10.3233/JAD-160230

 40. Martin KL, Blizzard L, Srikanth VK, et  al. Cognitive function modifies 
the effect of physiological function on the risk of multiple falls–a popu-
lation-based study. J Gerontol A Biol Sci Med Sci. 2013;68:1091–1097. 
doi:10.1093/gerona/glt010

 41. Bunce D, Haynes BI, Lord SR, et al. Intraindividual stepping reaction time 
variability predicts falls in older adults with mild cognitive impairment. 
J Gerontol A Biol Sci Med Sci. 2017;72:832–837. doi:10.1093/gerona/
glw164.

 42. Stubbs B, Brefka S, Denkinger MD. What works to prevent falls in com-
munity-dwelling older adults? Umbrella review of meta-analyses of ran-
domized controlled trials. Phys Ther. 2015;95:1095–1110. doi:10.2522/
ptj.20140461

 43. Sherrington C, Michaleff ZA, Fairhall N, et al. Exercise to prevent falls in 
older adults: an updated systematic review and meta-analysis. Br J Sports 
Med. 2016. doi:10.1136/bjsports-2016–096547 (Epub ahead of print).

Journals of Gerontology: MEDICAL SCIENCES, 2018, Vol. 73, No. 2 239


