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Abstract 

Purpose: To investigate the longitudinal associations between body mass index (BMI) 
categories and falls risk in men and women. 

Methods: Prospective cohort study using data from 50,041 community-dwelling adults aged 
≥ 50 years assessed in Wave 6 and 7 in the cross-national Survey of Health, Ageing and 
Retirement in Europe (SHARE). Socio-demographic and clinical factors were assessed at 
baseline (Wave 6). Functional impairment was defined by any limitations in activities of 
daily living (ADL) or instrumental ADL (IADL). Participants were classified as underweight, 
normal weight, overweight or obese at baseline. At 2-year follow-up (Wave 7), falls in the 
previous six months were recorded. The longitudinal associations between BMI categories 
and falls were analysed by binary logistic regression models; odds ratios (OR) and 95% 
confidence intervals (CI) were calculated. All analyses were adjusted for socio-demographic 
and clinical factors. Furthermore, analyses were stratified by sex, age and functional 
impairment. 

Results: Mean age was 67.0 years (range 50-102); 28,132 participants were women; 4,057 
(8.1%) participants reported falls at follow-up. Participants had an increased falls risk (OR 
(95% CI)) if they were underweight (1.41 (1.06-1.88), p = 0.017) or obese (1.20 (1.09-1.32), 
p< 0.001) compared to those with normal weight. The association of underweight and obesity 
with increased falls risk was consistent in participants aged ≥ 65 years. In participants with 
functional impairment, underweight was associated with higher falls risk (1.61 (1.09-2.40), p 
= 0.018), while obesity was not. 

Conclusion: A U-shaped relationship between BMI and falls risk was found in community-
dwelling adults. 

 

Key words: falls; obesity; underweight; body mass index; functional impairment; risk 
factors.  
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Key summary points 

Aim To explore the longitudinal association between body mass index categories and falls 
risks in community-dwelling men and women aged ≥ 50 years in the cross-national Survey of 
Health, Ageing and Retirement in Europe (SHARE). 

Findings Underweight and obese participants had a higher falls risk, compared to those with 
normal weight. These associations were independent of age, self-rated health, previous falls, 
comorbidities and medications. 

Message The relationship between body mass index and falls risk in adults is U-shaped; both 
underweight and obesity are associated with increased falls risk, compared to normal weight. 
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Introduction 

Controversy persists on the association between body mass index (BMI) categories – 
underweight, normal weight, overweight and obesity – and falls risk in adults [1-9]. Previous 
literature has yielded conflicting results, with some studies suggesting no consistent 
association [1-3], or an association between overweight or obesity and increased risk [4-7] or 
a U-shaped association, with both underweight and obesity being associated with increased 
risk [8, 9]. Furthermore, the U-shaped association was reported only by cross-sectional 
studies; it is also unknown whether functional status may modulate it.  

Falls in adults are a serious public health issue [10-13]. About one in three community-
dwelling adults older than 65 years fall each year [10, 11] and one in ten falls results in a 
major injury [12]; women may be at higher risk for falls and injurious falls, compared to men 
[9, 14-16]. Even non-injurious falls can lead to fear of falling, reduced quality of life, loss of 
confidence and independence [17]. Falls are associated with increased morbidity, mortality 
and healthcare costs [18, 19]. Therefore, preventing falls by identifying their potentially 
reversible risk factors is crucial. Moreover, targeting risk factors that are commonly present 
among the general population may be of benefit for many adults. Indeed, obesity is highly 
prevalent among adults worldwide [20]; one in three adults in the U.S. and one in five adults 
in Europe is obese [21, 22]. Both underweight and obesity can be effectively treated in older 
adults, through lifestyle changes, diet, pharmacological or other treatment [23, 24]. 

This study aims to explore the longitudinal associations between BMI categories and falls in 
community-dwelling middle-aged and older men and women in the cross-disciplinary 
longitudinal Survey of Health, Ageing and Retirement in Europe (SHARE). It also aims to 
explore whether these associations may be modulated by sex, age and functional status. 
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Methods 

Study design and population 

This was a prospective study based on data from the Survey of Health, Ageing and 
Retirement in Europe (SHARE). SHARE is a multidisciplinary and cross-national panel 
database of micro data on health, socio-economic status and social and family networks of 
individuals aged 50 years and older in European countries and Israel [25]. SHARE started in 
2004 and comprises eight biennial survey waves. In the present study, we used data from 
Wave 6 (fieldwork in 2015) and 7 (fieldwork mainly in 2017). 

Figure 1 presents the Flow-chart of this study inclusion criteria. A total of 68,186 participants 
had a main interview at Wave 6 (baseline); of these, 64,660 participants were aged 50 years 
and older and had complete data of interest at baseline. We further excluded participants who 
did not have a main interview (n = 14,315) or data on falls (n = 304) at Wave 7 (follow-up). 
Therefore, the final sample included 50,041 community-dwelling participants, aged 50 years 
or older at baseline, who participated to both Wave 6 and 7 and with complete data of 
interest. These participants resided in 18 countries. We have arbitrarily classified these 
countries into three regions: Western and Northern Europe: Austria, Belgium, Denmark, 
France, Germany, Luxembourg, Sweden and Switzerland; Southern Europe: Greece, Israel, 
Italy, Portugal and Spain; Eastern Europe: Croatia, Czech Republic, Estonia, Poland and 
Slovenia. 

The 14,619 participants who dropped out between Wave 6 and 7 were older, more likely to 
be men, underweight and report previous falls compared to those 50,041participants who 
were included in the final sample (data not shown). 

 

Demographic and clinical characteristics 

At the baseline interview (Wave 6), the following variables were collected: age, self-rated 
health, self-reported co-morbidities and medications, previous falls and functional limitations. 

Self-rated health was assessed by asking the participants: “Would you say your health is …”; 
options were: “excellent”, “very good”, “good”, “fair” or “poor”. We dichotomised self-
rated health as good (“excellent” or “very good” or “good”) versus poor (“fair” or “poor”). 

Co-morbidities were assessed by asking the participants: “Has a doctor ever told you that 
you had/ do you currently have any of the conditions on this card?”; a show-card with 
multiple non-mutually exclusive options was presented to the participants. We focussed on 
these co-morbidities: heart attack, hypertension, high cholesterol, stroke, diabetes, chronic 
lung disease, cancer, Parkinson’s, hip fracture, other fractures, cognitive impairment, 
affective / emotional disorder, any arthritis (we grouped rheumatoid arthritis and 
osteoarthritis / other rheumatism). 
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Similarly, medications were assessed by asking: “Do you currently take drugs, at least once 
a week, for problems mentioned on this card?” and a list was shown. Based on previous 
literature [1, 6], we selected these medications: anti-hypertensives, drugs for pain (we 
grouped drugs for joint pain and those for other pain) and psychotropic drugs (we grouped 
drugs for sleep problems and those for anxiety or depression). 

Previous falls were assessed by asking the participants: “For the past six months at least, 
have you been bothered by any of the health conditions on this card?'; options included: 
“falling down”. 

Baseline functional limitations in activities of daily living (ADL) or instrumental activities of 
daily living (IADL) were assessed by asking the participants whether they had difficulties 
with one or more of six ADLs or with one or more of nine IADLs. ADLs were consistent 
with those developed by Katz [26] and included: dressing, walking across a room, bathing, 
eating, getting in or out of bed, using the toilet. IADLs were similar to those developed by 
Lawton [27] and included: using a map, preparing a meal, shopping for groceries, using the 
phone, taking medications, doing housework, managing money, using transport, doing 
personal laundry. We classified the participants as those with no functional impairment (no 
ADL or IADL limitations) versus those with functional impairment (one or more ADL and or 
IADL limitations). 

 

BMI categories 

At baseline, self-reported height and weight were collected. We computed the body mass 
index (BMI) as weight divided by squared height. We classified the participants into these 
categories: underweight (BMI < 18.5 kg/m2), normal weight (BMI ≥ 18.5 and < 25 Kg/m2), 
overweight (BMI ≥ 25 and < 30 Kg/m2)) and obese (BMI ≥ 30 Kg/m2). 

 

Falls 

At the follow-up interview at Wave 7, the participants were again asked the question: “For 
the past six months at least, have you been bothered by any of the health conditions on this 
card?”; options included: “falling down”. Our outcome of falls at follow-up was 
dichotomized as “no” (no falls) versus “yes” (one or more falls). 

 

Statistical analyses 

We plotted and visually inspected the distribution of BMI in our study population; BMI 
appeared to be normally distributed. We reported the characteristics of the participants at 
baseline as number (percentages) for categorical variables and as mean (standard deviation, 
SD) for age, which we used as a continuous variable. Sex-differences in characteristics at 
baseline were assessed using Pearson’s chi-square test for categorical variables and t-test for 
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age. Similarly, we tested for differences in baseline characteristics across BMI categories 
using Pearson’s chi-square test for categorical variables and analysis of variance (ANOVA) 
for age. 

Binary logistic regression models were used to assess the longitudinal association between 
BMI categories at baseline (determinant) and falls at follow-up (outcome). BMI categories 
were recoded so that the normal weight category was the reference. We performed our 
analyses in two steps. First, we adjusted our analyses for age and sex (Model 1). Finally, we 
adjusted for age, sex, self-rated health, co-morbidities, medications and previous falls (Model 
2). We entered each co-morbidity and medication variable in Model 2, separately. 

We repeated our analyses after restricting the sample to participants who were interviewed in 
2017. 

Sensitivity analyses were performed by stratifying the participants according to: 1) age 
groups (aged 50 to 64 years versus aged 65 years and older); 2) functional status (no 
functional impairment versus functional impairment) and 3) European region of residence 
(Western and Northern Europe; Southern Europe; Eastern Europe).All analyses were 
performed in the whole population and in men and women, separately. All analyses were 
performed using SPSS software (version 25). 

 

Ethics 

SHARE obtained institutional review board approval by the Ethics Committee of the 
University of Mannheim, during Waves 1 to 4, and by the Ethics Council of the Max Planck 
Society for Wave 4 and the continuation of the project.  
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Results 

Characteristics at baseline 

Baseline interviews were conducted from January to November 2015. Our study population 
included 21,909 men and 28,132 women aged 50 years and older at baseline. In our study 
population, mean age was 67.0 years (standard deviation 9.4 years; range 50 to 102 years). In 
particular, 21,726 (43.4%) participants were aged 50 to 64 years, 28,315 (56.6%) were aged 
65 years and older. 3,314 (6.6%) participants reported previous falls (Table 1). Women were 
more likely to be underweight, report poor self-rated health, previous falls or functional 
limitations, compared to men (all p-values < 0.001). Men were more likely to report ischemic 
heart disease, stroke or diabetes, compared to women (all p-values < 0.001). 

Obese participants were more likely to report poor self-rated health, ischemic heart disease, 
stroke, diabetes and arthritis; in contrast, underweight participants were more likely to report 
cancer, hip fracture or other fracture or cognitive impairment (Table 2). Further details on the 
distribution of baseline characteristics across BMI categories in men and women, 
respectively, can be found in Supplementary Tables 1 and 2. 

 

Falls at follow-up 

Follow-up interviews were conducted from February 2017 to January 2019. Follow-up 
interviews were conducted in Portugal in 2017, 2018 and 2019; in all other countries, only in 
2017. Mean time interval between baseline and follow-up interview was 24.5 (SD 3.5) 
months. At the follow-up interview, 4,057 (8.1%) participants – in particular,  1,330 (6.1%) 
men and  2,727 (9.7%) women – reported fall(s). In detail, 70 (13.9%) underweight 
participants, 1,284 (7.4%) normal weight participants, 1,527 (7.3%) overweight participants 
and 1,176 (10.4%) obese participants reported fall(s) at follow-up. 

 

Covariates and falls risk 

In the whole study population, older age, female sex (versus male), poor self-rated health 
(versus good), previous falls (versus no falls), taking drugs for pain and taking psychotropic 
drugs were each associated with increased falls risk, independently of all other covariates 
(Supplementary Table 2). Among co-morbidities, the following were independently 
associated with an increased falls risk: ischaemic heart disease, stroke, diabetes, chronic lung 
disease, Parkinson’s disease, hip fracture, other fracture, cognitive impairment, affective or 
emotional disorders, any arthritis (Supplementary Table 3). 
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BMI categories and falls risk 

In the whole study population, the longitudinal association between BMI categories at 
baseline and falls risk at 2-year follow-up was U-shaped (Table 3). 

In age- and sex-adjusted analyses, underweight and obese participants had an increased risk 
(OR) of falls of 1.71 (95% CI 1.31-2.23) and 1.61 (95% CI 1.48-1.75) respectively, compared 
to those with normal weight (both p-values < 0.001). After full adjustment, underweight and 
obese participants had an increased risk of falls of  1.41 (95% 1.06-1.88) and 1.20 (95% CI 
1.09-1.32),respectively, compared to those with normal weight (p-values 0.017and < 0.001).  

In age-adjusted analyses, underweight and obese men had an increased falls risk compared to 
those with normal weight; these associations were no longer significant after full adjustment.  
In age-adjusted analyses, underweight, overweight and obese women had an increased falls 
risk compared to those with normal weight; after full adjustment, underweight and obese 
women had an increased risk of falls of 1.43 (95% CI 1.06-1.94)  and1.27 (95% CI 1.13-
1.42), respectively, compared to those with normal weight (p-values 0.020 and < 0.001). 

Our findings remained similar when restricting to participants who were interviewed in 2017 
(n =49,367, data not shown). Likewise, our results remained unchanged when restricting to 
participants without cognitive impairment (n = 49,323, data not shown). 

 

Age-stratified results 

The longitudinal associations between BMI categories and falls risk varied according to age 
group, after full adjustment (Table 4). In the age group 50 to 64 years, obesity was associated 
with a higher falls risk, compared to normal weight (OR 1.23, 95% CI 1.03-1.47, p = 0.022), 
while underweight was not (Table 4). The association between obesity and increased falls 
risk remained consistent in women aged 50 to 64 years, while not in men. In men aged 50 to 
64 years, overweight was associated with a lower falls risk, compared to normal weight (OR 
0.74, 95% CI 0.55-0.99, p = 0.043).  

In the age group 65 years and older, we observed again a U-shaped association between BMI 
categories and falls risk. Among participants 65 years and older, both underweight (OR 1.44, 
95% CI1.03-2.01, p = 0.032) and obesity (OR 1.20, 95% CI 1.07-1.34, p = 0.001) were 
associated with an increased risk of falls, compared to normal weight (Table 4). The 
association between obesity and increased falls risk remained significant in both women and 
men aged 65 years and older. A trend of association between underweight and higher falls 
risk was found for men and women 6 years and older, with ORs above the unit. 

 

Functional status-stratified results  

The longitudinal associations between BMI categories and falls risk varied according to 
functional status, after full adjustment (Table 5). Among participants without functional 
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impairment, obesity was associated with an increased risk of falls of 1.18 (95% CI 1.04-1.34, 
p = 0.008); no association between underweight and falls risk was found (Table 5). The 
association between obesity and increased falls risk remained significant among women 
without functional impairment (Table 5). 

Among participants with functional impairment, underweight was associated with an 
increased risk of falls of 1.61 (95% CI 1.09-2.40, p = 0.018), while obesity was not (Table 5). 
The association between underweight and increased falls risk was consistent among women 
with functional impairment (Table 5). 

 

European region-stratified results 

After full adjustment, obesity was longitudinally associated with an increased falls risk 
among adults from Western and Northern Europe and Southern Europe; in contrast, 
underweight was longitudinally associated with an increased falls risk among adults from 
Eastern Europe (Supplementary Table 4). 
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Discussion 

In our large, European prospective study, we found that both underweight and obesity were 
longitudinally associated with higher falls risk, at 2-year follow-up, in community-dwelling 
adults aged 50 years and older, independently of socio-demographic and clinical variables. 
Moreover, the association between underweight and falls risk is more pronounced in women 
with functional impairment, while that between obesity and falls risk is consistent among 
women with no functional impairment. 

The novelty of our longitudinal study is to show a U-shaped relationship between BMI and 
falls risk in adults. A similar U-shaped relationship has been suggested by cross-sectional 
studies. In a large Canadian survey of adults aged 65 years and older, underweight and obese 
men were more likely to report falls in the previous 12 months, compared to normal weight 
men, while this association was less pronounced in women [9]; in contrast, in our 
longitudinal study, the U-shaped association between BMI and falls risk remained consistent 
in women, but not in men, after full adjustment. Similarly, in a large Korean study, 
underweight and obesity were associated with falls in the previous 12 months in adults; the 
association between obesity and falls remained consistent in older adults [8]. 

Moreover, longitudinal studies showed that obesity was a predictor of falls in adults. In the 
Women’s Health Initiative (WHI), obesity predicted falls among postmenopausal women, 
aged 50 to 79, of non-Hispanic white and Hispanic ethnicity [5]. In the Osteoporotic 
Fractures in Men (MrOS) study, obesity predicted falls in men aged 65 to 80 years [6]; 
similarly, in our study, obesity was consistently associated with a greater falls risk in men 
aged 65 years and older. In the Women’s Health and Aging Study I, overweight predicted 
recurrent falls among disabled older women with diabetes [7]; in contrast, underweight, 
compared with normal weight, was correlated with an increased falls risk among women with 
functional impairment in our study. In the Health and Retirement Study, obesity predicted 
falls in adults aged 65 years and older [4]. 

Our finding that underweight is associated with a higher falls risk in adults conflicts with 
those of a systematic review and meta-analysis, showing that low BMI was not associated 
with falls risk in community-dwelling older adults [1]. However, low BMI was defined by 
cutpoints of 20 or 25 Kg/m2 [1]; in our study, underweight was defined as BMI < 18.5 
Kg/m2. A Swedish report showed that underweight was longitudinally associated with risk of 
injurious falls among women aged 60 years and older [28], while in our study underweight 
was associated with falls only in women with functional impairment. Discrepancies among 
studies may result from differences in the definition of underweight, or in the age- and sex-
composition of the study population or, possibly, in the proportion of adults with functional 
impairment. Indeed, another novelty of our secondary analyses of the SHARE database is to 
suggest that the relationship between BMI and falls risk may vary by functional status, while 
previous studies did not explore this [8, 9] or explored it only among disabled women [7]. 
Our analyses were stratified by sex, as sex-differences may be observed in the incidence of 
falls and in the influence of risk factors on falls [9, 15-17]. Our findings in the age group 50 
to 64 years – obesity was associated with an increased risk for falls in women but not in men 
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– may reflect sex-differences in the influence of BMI on falls risk. However, we did not 
formally test for sex-differences as our study is likely underpowered for this. 

The prevalence of underweight and obesity – 1% and 22.7%, respectively – in our population 
is in line with the WHO estimates for adults in the European region [29]. The rate of falls in 
our study – about 8% within 6 months prior to the follow-up interview – is consistent with 
previous literature reporting rates of about 20% within 12 months, among community-
dwelling adults [9, 15]. In line with previous reports, female sex was a risk factor for falls, 
independently of covariates [9, 14-16]. 

Different factors may mediate the association between obesity and increased falls risk.  
Obesity has been associated with poor gait and postural balance [30-33]. Furthermore, 
obesity – in particular, abdominal visceral fat – has been associated with chronic 
inflammation [34, 35], which, in turn, may promote sarcopenia – the loss of muscle mass and 
muscle strength [36, 37]. Sarcopenia is a key component of frailty, and frailty and falls are 
intertwined [38]. Indeed, a recent report suggested a U-shaped relationship between BMI and 
frailty in older adults, with increased levels of frailty among those with low and very high 
BMI [39]. Another study has shown an association between obesity and frailty in older 
women [40]. Finally, obesity has been associated with comorbidities (including diabetes) and 
medications (including psychotropic drugs and drugs for pain), which have been correlated 
with increased falls risk [1]. However, our finding of an association between obesity and falls 
risk remained consistent, after adjusting for these, showing that obesity is independently 
associated with increased risk of falls. 

Different factors may explain the association between underweight and increased falls risk. 
Weight loss has traditionally been viewed as a marker of frailty [41]. Yet, in a systematic 
review and meta-analysis, low BMI was not associated with falls risk in community-dwelling 
older adults [1]. Of note, in our study, underweight was associated with falls risk in those 
adults (men and women combined) aged 65 years and older and in those with functional 
impairment, while not in those aged 50 to 64 years or without functional impairment. We 
hypothesize that there may be two types of participants with low BMI: those older and frail 
and those younger and fit. In the former, low BMI is related to a disproportionate loss of 
muscle mass (i.e. sarcopenia); in the latter, low BMI is related to loss of adipose tissue.   

In our study, overweight participants had the same falls risk as normal weight participants; 
this is consistent with a Canadian report showing the lowest prevalence of falls around a BMI 
of 25 Kg/m2, for both sexes [9]. It also parallels previous reports suggesting that the optimal 
BMI could be around 25 Kg/m2 in older adults; indeed, slight overweight may be beneficial 
for survival in older adults [42-44]. 

Obesity is a growing epidemic worldwide [20], affecting one in three adults in the U.S. and 
one in five adults in Europe [21, 22]. Based on our findings, we hypothesize that body weight 
reduction programmes targeting obese adults with no functional impairment could prevent 
falls. Treating obesity may be beneficial for many health outcomes [20]. In contrast, 
nutritional supplements could be considered for underweight, sarcopenic adults; indeed, 
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evidence from randomized, controlled trials suggests that protein or amino acid 
supplementation may improve physical performance in older adults [45]. However, current 
international guidelines do not recommend protein or amino acid supplementation for 
preventing falls or improving physical performance; this type of supplements may be 
indicated for sarcopenia, which was not assessed in our study [46]. 

A major strength of this study is that it is population-based and has a longitudinal design, 
with the BMI categorisation of the participants preceding the ascertainment of falls in the 
follow-up. Further strengths are the use of standardized methods for data collection and data 
from nationally representative samples of community-dwelling adults aged 50 years and 
older from 18 countries. Our large sample size included both men and women, while other 
studies focussed on only men [6] or women [2, 5, 7]. Furthermore, we included adults aged 
50 to 64 years, while many studies on falls focussed only on those aged 65 years and older [3, 
4, 6, 7, 9, 10-12]. By providing sensitivity analyses in those aged 65 years and older, our 
study can be compared to others on older ages. Furthermore, we were able to explore the 
relationship of all BMI categories with falls risk, while other studies had too few participants 
in the underweight category to explore this [6]. 

This study also has some limitations. Height and weight were self-reported; as height tends to 
be overestimated and weight underestimated [47], this could lead to an underestimation of 
BMI and misclassification of participants towards lower categories of BMI. A further 
limitation is the use of BMI categories, based on the WHO classification; this classification 
does not provide age-specific categories, despite evidence suggesting that overweight may be 
beneficial for survival in older adults [42-44]. The WHO definition of underweight also 
differs from that of malnutrition in adults proposed by Global Leadership Initiative on 
Malnutrition (GLIM) [48]. Furthermore, falls were retrospectively self-reported and this 
could imply a recall bias; falls, particularly non-injurious falls, may be underreported [49]. 
Moreover, the study collected information only on falls in the six months prior to the 
interview at 2-year follow-up; in this way, falls that occurred in the months immediately 
following the first interview may have been missed; this study did not capture the association 
between BMI and falls in the very short-term follow-up. In addition, we could not distinguish 
participants who fell indoors or outdoors, or those who fell only once or more frequently. We 
deem it unlikely that participants may have reported coming to the ground due to external 
forces – including violence or accidents – as falls; although the SHARE questionnaire did not 
specify to exclude falls due to external forces, the question on falling was among others 
related to physical symptoms and not accidents; moreover, the words used for “falling” in 
many translated questionnaires uniquely identified falls that are not related to external forces. 
Furthermore, we lacked information on other potential risk factors for falls such as use of 
neuroleptics or anticonvulsants, orthostatic hypotension, dizziness, anaemia and balance 
disturbances and could not adjust our analyses for these. Moreover, the participants who 
dropped out between Wave 6 and 7 were older, more likely to be underweight and report 
previous falls at baseline; as a result, the association between falls and underweight might 
have been underestimated. However, we could retain a high proportion of participants across 
all BMI categories at follow-up (ranging from 67.4% among underweight participants to 
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78.7% among the obese participants) and we could show associations between underweight 
and falls. Finally, our study included only community-dwelling adults and excluded those 
who were institutionalized and likely at a higher risk for falls. However, the relative 
importance of risk factors for falls may differ in community-dwelling and institutionalized 
adults [1, 50]; thus, restricting our study to community-dwelling adults made our sample 
more homogeneous. Yet, we acknowledge that our findings may not be generalizable to 
institutionalised populations. 

In conclusion, our study showed a U-shaped relationship between BMI and falls risk in 
community-dwelling men and women aged 50 years and older. This association may be 
modulated by age and functional impairment. Underweight was consistently associated with 
falls in the oldest and functionally impaired, while obesity was consistently associated with 
falls in those without functional impairment. Further studies are needed to elucidate the 
influence of sex on the relationship between BMI and falls risk.  
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Figure 1. Flow-chart of study inclusion criteria 

 

Abbreviations: SHARE: Survey of Health, Ageing and Retirement in Europe; n: number.
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Table 1 Characteristics of study population at baseline, by sex 

 All Men Women P value 

n 50,041 21,909 28,132  

Age (years), mean (SD) 67.0 (9.4) 67.2 (9.1) 66.8 (9.6) < 0.001 

BMI category, n (%) 

  Underweight 

  Normal weight 

  Overweight 

  Obese 

 

504 (1.0) 

17,275 (34.5) 

20,915 (41.8) 

11,347 (22.7) 

 

72 (0.3) 

6,383 (29.1) 

10,674 (48.7) 

4,780 (21.8) 

 

432 (1.5) 

10,892 (38.7) 

10,241 (36.4) 

6,567 (23.3) 

 

< 0.001 

Self-rated health, n (%) 

  Good 

  Poor 

 

31,091 (62.1) 

18,950 (37.9) 

 

14,109 (64.4) 

7,800 (35.6) 

 

16,982 (60.4) 

11,150 (39.6) 

 

< 0.001 

Co-morbidities, n (%)     

  Heart attack 5,550 (11.1) 2,981 (13.6) 2,569 (9.1) < 0.001 

  Hypertension 20,860 (41.7) 9,093 (41.5) 11,767 (41.8) 0.465 

  High cholesterol 12,450 (24.9) 5,168 (23.6) 7,282 (25.9) < 0.001 

  Stroke 1,682 (3.4) 910 (4.2) 772 (2.7) < 0.001 

  Diabetes 6,694 (13.4) 3,258 (14.9) 3,436 (12.2) < 0.001 

  Chronic lung disease 3,031 (6.1) 1,423 (6.5) 1,608 (5.7) < 0.001 

  Cancer 2,123 (4.2) 942 (4.3) 1,181 (4.2) 0.576 

  Parkinson’s disease 375 (0.7) 194 (0.9) 181 (0.6) 0.002 

  Hip fracture 793 (1.6) 296 (1.4) 497 (1.8) < 0.001 

  Other fracture 2,131 (4.3) 853 (3.9) 1,278 (4.5) < 0.001 

  Cognitive impairment 718 (1.4) 293 (1.3) 425 (1.5) 0.106 

  Affective / emotional 3,246 (6.5) 918 (4.2) 2,328 (8.3) < 0.001 

  Any arthritis 12,358 (24.7) 3,752 (17.1) 8,606 (30.6) < 0.001 

Drugs, n (%):     

  Anti-hypertensives 22,479 (44.9) 9,916 (45.3) 12,563 (44.7) 0.179 

  Drugs for pain 12,714 (25.4) 4,130 (18.9) 8,584 (30.5) < 0.001 

  Psychotropic drugs 6,156 (12.3) 1,716 (7.8) 4,440 (15.8) < 0.001 

Previous fall(s) 3,314 (6.6) 981 (4.5) 2,333 (8.3) < 0.001 

Functional impairment, n 

(%) 

9,577 (19.1) 3,420 (15.6) 6,157 (21.9) < 0.001 
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P-values were calculated by Pearson’s chi-square for categorical variables and by t-test for 
continuous variables (age). Abbreviations: n: number; SD: standard deviation; BMI: body 
mass index. 
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Table 2 Characteristics of study population at baseline, across BMI categories 

 All 

(n = 50,041) 

Underweight 

(n = 504) 

Normal weight 

(n= 17,275) 

Overweight 

(n = 20,915) 

Obese 

(n = 11,347) 

P value 

Age, mean (SD) 67.0 (9.4) 67.9 (10.9) 67.1 (10.0) 67.2 (9.3) 66.4 (8.7) < 0.001 

Women, n (%) 28,132 (56.2) 432 (85.7) 10,892 (63.1) 10,241 (49.0) 6,567 (57.9) < 0.001 

Self-rated health, n (%) 

  Good 

  Poor 

 

31,091 (62.1) 

18,950 (37.9) 

 

285 (56.5) 

219 (43.5) 

 

11,903 (68.9) 

5,372 (31.1) 

 

13,291 (63.5) 

7,624 (36.5) 

 

5,612 (49.5) 

5,735 (50.5) 

 

< 0.001 

Co-morbidities, n (%)       

  Heart attack 5,550 (11.1) 41 (8.1) 1,472 (8.5) 2,376 (11.4) 1,661 (14.6) < 0.001 

  Hypertension 20,860 (41.7) 114 (22.6) 4,993 (28.9) 9,037 (43.2) 6,716 (59.2) < 0.001 

  High cholesterol 12,450 (24.9) 79 (15.7) 3,438 (19.9) 5,537 (26.5) 3,396 (29.9) < 0.001 

  Stroke 1,682 (3.4) 21 (4.2) 501 (2.9) 674 (3.2) 486 (4.3) < 0.001 

  Diabetes 6,694 (13.4) 28 (5.6) 1,212 (7.0) 2,698 (12.9) 2,756 (24.3) < 0.001 

  Chronic lung disease 3,031 (6.1) 50 (9.9) 908 (5.3) 1,137 (5.4) 936 (8.2) < 0.001 

  Cancer 2,123 (4.2) 27 (5.4) 696 (4.0) 855 (4.1) 545 (4.8) 0.004 

  Parkinson’s disease 375 (0.7) 8 (1.6) 135 (0.8) 148 (0.7) 84 (0.7) 0.139 

  Hip fracture 793 (1.6) 16 (3.2) 279 (1.6) 308 (1.5) 190 (1.7) 0.014 

  Other fracture 2,131 (4.3) 29 (5.8) 636 (3.7) 892 (4.3) 574 (5.1) < 0.001 

  Cognitive impairment 718 (1.4) 12 (2.4) 295 (1.7) 265 (1.3) 146 (1.3) < 0.001 
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  Affective / emotional 3,246 (6.5) 43 (8.5) 1,063 (6.2) 1,229 (5.9) 911 (8.0) < 0.001 

  Any arthritis 12,358 (24.7) 133 (26.4) 3,654 (21.2) 4,963 (23.7) 3,608 (31.8) < 0.001 

Drugs, n (%):       

  Anti-hypertensives 22,479 (44.9) 120 (23.8) 5,454 (31.6) 9,744 (46.6) 7,161 (63.1) < 0.001 

  Drugs for pain 12,714 (25.4) 130 (25.8) 3,553 (20.6) 5,141 (24.6) 3,890 (34.3) < 0.001 

  Psychotropic drugs 6,156 (12.3) 92 (18.3) 1,999 (11.6) 2,389 (11.4) 1,676 (14.8) < 0.001 

Previous falls, n (%) 3,314 (6.6) 62 (12.3) 1,045 (6.0) 1,239 (5.9) 968 (8.5) < 0.001 

Functional impairment, n (%) 9,577 (19.1) 139 (27.6) 2,788 (16.1) 3,634 (17.4) 3,016 (26.6) < 0.001 

P-values were calculated by Pearson’s chi-square for categorical variables and by analysis of variance (ANOVA) for continuous variables (age). 
Abbreviations: n: number; SD: standard deviation. 
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Table 3 Longitudinal association between BMI categories and falls risk at follow-up 

 All 

(n = 50,041) 

Men 

(n = 21,909) 

Women 

(n = 28,132) 

 n of falls OR [95% CI] P value n of falls OR [95% CI] P value n of falls OR [95% CI] P value 

Model 1          

Underweight 70 1.71 [1.31; 2.23] < 0.001 9 2.25 [1.08; 4.69] 0.031 61 1.70 [1.28; 2.27] < 0.001 

Normal weight 1,284 1 (ref)  395 1 (ref)  889 1 (ref)  

Overweight 1,527 1.06 [0.98; 1.14] 0.169 579 0.95 [0.83; 1.08] 0.426 948 1.12 [1.02; 1.24] 0.022 

Obese 1,176 1.61 [1.48; 1.75] < 0.001 347 1.42 [1.22; 1.65] < 0.001 829 1.70 [1.54; 1.89] < 0.001 

Model 2          

Underweight 70 1.41 [1.06; 1.88] 0.017 9 1.67 [0.76; 3.66] 0.200 61 1.43 [1.06; 1.94] 0.020 

Normal weight 1,284 1 (ref)  395 1 (ref)  889 1 (ref)  

Overweight 1,527 0.97 [0.89; 1.05] 0.430 579 0.91 [0.79; 1.05] 0.198 948 1.01 [0.91; 1.12] 0.908 

Obese 1,176 1.20 [1.09; 1.32] < 0.001 347 1.09 [0.92; 1.29] 0.305 829 1.27 [1.13; 1.42] < 0.001 

Odds ratios and 95% confidence intervals are calculated by binary logistic regression. Model 1: adjusted for age and sex. Model 2: adjusted for 
age, sex, self-rated health, heart attack, hypertension, high cholesterol, stroke, diabetes, chronic lung disease, cancer, Parkinson’s, hip fracture, 
other fractures, cognitive impairment, affective / emotional disorder; any arthritis, previous falls, anti-hypertensives, drugs for pain, psychotropic 
drugs. Number of participants reporting fall(s) at follow-up in each category: all participants: 4,057; men: 1,330; women: 2,727. Abbreviations: 
OR: odds ratios; CI: confidence intervals; ref: reference. At 2-year follow-up (Wave 7), falls in the previous six months were recorded. 
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Table 4 Age-stratified longitudinal association between BMI categories and falls risk at follow-up (fully adjusted) 

 All 

(n = 50,041) 

Men 

(n = 21,909) 

Women 

(n = 28,132) 

 n of falls OR [95% CI] P value n of falls OR [95% CI] P value n of falls OR [95% CI] P value 

Aged 50 to 64 years (n = 21,726) (n = 9,197) (n = 12,529) 

Underweight 17 1.25 [0.71; 2.18] 0.444 1 0.67 [0.09; 5.14] 0.698 16 1.47 [0.82; 2.62] 0.197 

Normal weight 306 1 (ref)  92 1 (ref)  214 1 (ref)  

Overweight 335 0.97 [0.82; 1.14] 0.701 118 0.74 [0.55; 0.99] 0.043 217 1.10 [0.90; 1.34] 0.377 

Obese 340 1.23 [1.03; 1.47] 0.022 82 0.77 [0.55; 1.08] 0.135 258 1.49 [1.21; 1.85] < 0.001 

Aged ≥ 65 years (n = 28,315) (n = 12,712) (n = 15,603) 

Underweight 53 1.44 [1.03; 2.01] 0.032 8 2.12 [0.89; 5.07] 0.092 45 1.38 [0.96; 1.98] 0.079 

Normal weight 978 1 (ref)  303 1 (ref)  675 1 (ref)  

Overweight 1,192 0.98 [0.89; 1.08] 0.684 461 0.99 [0.84; 1.16] 0.908 731 0.98 [0.87; 1.11] 0.783 

Obese 836 1.20 [1.07; 1.34] 0.001 265 1.24 [1.02; 1.51] 0.027 571 1.19 [1.04; 1.36] 0.012 

Odds ratios and 95% confidence intervals are calculated by binary logistic regression. All analyses were adjusted for: age, sex, self-rated health, 
heart attack, hypertension, high cholesterol, stroke, diabetes, chronic lung disease, cancer, Parkinson’s, hip fracture, other fractures, cognitive 
impairment, affective / emotional disorder; any arthritis, previous falls, anti-hypertensives, drugs for pain, psychotropic drugs (Model 2). 
Number of participants reporting falls at follow-up in each category: among those aged 50 to 64 years: all participants: 998, men: 293, women: 
705; among those aged ≥ 65 years: all participants: 3,059, men: 1,037, women: 2,022. Abbreviations: w.: weight; yrs.: years; OR: odds ratios; 
CI: confidence intervals; ref: reference. At 2-year follow-up (Wave 7), falls in the previous six months were recorded.  
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Table 5 Functional status-stratified longitudinal association between BMI categories and falls risk at follow-up (fully adjusted) 

 All 

(n = 50,041) 

Men 

(n = 21,909) 

Women 

(n = 28,132) 

 n of falls OR [95% CI] P value n of falls OR [95% CI] P value n of falls OR [95% CI] P value 

No functional 

impairment 

(n = 40,464) (n = 18,489) (n = 21,975) 

Underweight 26 1.11 [0.72; 1.70] 0.636 2 1.32 [0.31; 5.59] 0.704 24 1.14 [0.73; 1.78] 0.560 

Normal weight 732 1 (ref)  224 1 (ref)  508 1 (ref)  

Overweight 851 0.98 [0.88; 1.09] 0.647 355 0.95 [0.80; 1.14] 0.581 496 0.99 [0.87; 1.13] 0.900 

Obese 542 1.18 [1.04; 1.34] 0.008 164 1.02 [0.82; 1.28] 0.839 378 1.28 [1.10; 1.49] 0.001 

Functional 

impairment 

(n = 9,577) (n = 3,420) (n = 6,157) 

Underweight 44 1.61 [1.09; 2.40] 0.018 7 1.51 [0.58; 3.91] 0.398 37 1.69 [1.09; 2.61] 0.019 

Normal weight 552 1 (ref)  171 1 (ref)  381 1 (ref)  

Overweight 676 0.96 [0.84; 1.10] 0.579 224 0.86 [0.68; 1.08] 0.200 452 1.02 [0.87; 1.20] 0.792 

Obese 634 1.13 [0.98; 1.30] 0.093 183 1.08 [0.84; 1.40] 0.549 451 1.16 [0.97; 1.37] 0.100 

Odds ratios and 95% confidence intervals are calculated by binary logistic regression. All analyses were adjusted for: age, sex, self-rated health, 
heart attack, hypertension, high cholesterol, stroke, diabetes, chronic lung disease, cancer, Parkinson’s, hip fracture, other fractures, cognitive 
impairment, affective / emotional disorder; any arthritis, previous falls, anti-hypertensives, drugs for pain, psychotropic drugs (Model 2). 
Number of participants reporting falls at follow-up in each category: among those with no functional impairment: all participants: 2,151, men: 
745, women: 1,406; among those with functional impairment: all participants: 1,906, men: 585, women: 1,321. Abbreviations: OR: odds ratios; 
CI: confidence intervals; ref: reference. At 2-year follow-up (Wave 7), falls in the previous six months were recorded.   
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Supplementary Table 1 Characteristics of men at baseline, across BMI categories 

 All men 

(n = 21,909) 

Underweight 

(n = 72) 

Normal weight 

(n= 6,383) 

Overweight 

(n = 10,674) 

Obese 

(n = 4,780) 

P value 

Age, mean (SD) 67.2 (9.1) 67.2 (11.1) 68.0 (9.7) 67.1 (9.1) 66.3 (8.3) < 0.001 

Self-rated health, n (%) 

  Good 

  Poor 

 

14,109 (64.4) 

7,800 (35.6) 

 

32 (44.4) 

40 (55.6) 

 

4,244 (66.5) 

2,139 (33.5) 

 

7,213 (67.6) 

3,461 (32.4) 

 

2,620 (54.8) 

2,160 (45.2) 

 

< 0.001 

Co-morbidities, n (%)       

  Heart attack 2,981 (13.6) 7 (9.7) 749 (11.7) 1,420 (13.3) 805 (16.8) < 0.001 

  Hypertension 9,093 (41.5) 16 (22.2) 1,851 (29.0) 4,474 (41.9) 2,752 (57.6) < 0.001 

  High cholesterol 5,168 (23.6) 12 (16.7) 1,146 (18.0) 2,619 (24.5) 1,391 (29.1) < 0.001 

  Stroke 910 (4.2) 6 (8.3) 253 (4.0) 419 (3.9) 232 (4.9) 0.012 

  Diabetes 3,258 (14.9) 5 (6.9) 568 (8.9) 1,465 (13.7) 1,220 (25.5) < 0.001 

  Chronic lung disease 1,423 (6.5) 10 (13.9) 420 (6.6) 606 (5.7) 387 (8.1) < 0.001 

  Cancer 942 (4.3) 5 (6.9) 287 (4.5) 440 (4.1) 210 (4.4) 0.433 

  Parkinson’s disease 194 (0.9) 1 (1.4) 70 (1.1) 85 (0.8) 38 (0.8) 0.182 

  Hip fracture 296 (1.4) 3 (4.2) 81 (1.3) 141 (1.3) 71 (1.5) 0.150 

  Other fracture 853 (3.9) 7 (9.7) 224 (3.5) 407 (3.8) 215 (4.5) 0.003 

  Cognitive impairment 293 (1.3) 1 (1.4) 118 (1.8) 120 (1.1) 54 (1.1) < 0.001 

  Affective / emotional 918 (4.2) 2 (2.8) 273 (4.3) 409 (3.8) 234 (4.9) 0.020 
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  Any arthritis 3,752 (17.1) 10 (13.9) 918 (14.4) 1,751 (16.4) 1,073 (22.4) < 0.001 

Drugs, n (%):       

  Anti-hypertensives 9,916 (45.3) 19 (26.4) 2,057 (32.2) 4,875 (45.7) 2,965 (62.0) < 0.001 

  Drugs for pain 4,130 (18.9) 15 (20.8) 973 (15.2) 1,938 (18.2) 1,204 (25.2) < 0.001 

  Psychotropic drugs 1,716 (7.8) 7 (9.7) 493 (7.7) 769 (7.2) 447 (9.4) < 0.001 

Previous falls, n (%) 981 (4.5) 7 (9.7) 275 (4.3) 422 (4.0) 277 (5.8) < 0.001 

Functional impairment, n (%) 3,420 (15.6) 26 (36.1) 934 (14.6) 1,468 (13.8) 992 (20.8) < 0.001 

P-values were calculated by Pearson’s chi-square for categorical variables and by analysis of variance (ANOVA) for continuous variables (age). 
Abbreviations: n: number; SD: standard deviation. 
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Supplementary Table 2 Characteristics of women at baseline, across BMI categories 

 All women 

(n = 28,132) 

Underweight 

(n = 432) 

Normal weight 

(n= 10,892) 

Overweight 

(n = 10,241) 

Obese 

(n = 6,567) 

P value 

Age, mean (SD) 66.8 (9.6) 68.0 (10.8) 66.5 (10.1) 67.3 (9.5) 66.5 (9.0) < 0.001 

Self-rated health, n (%) 

  Good 

  Poor 

 

16,982 (60.4) 

11,150 (39.6) 

 

253 (58.6) 

179 (41.4) 

 

7,659 (70.3) 

3,233 (29.7) 

 

6,078 (59.3) 

4,163 (40.7) 

 

2,992 (45.6) 

3,575 (54.4) 

 

< 0.001 

Co-morbidities, n (%)       

  Heart attack 2,569 (9.1) 34 (7.9) 723 (6.6) 956 (9.3) 856 (13.0) < 0.001 

  Hypertension 11,767 (41.8) 98 (22.7) 3,142 (28.8) 4,563 (44.6) 3,964 (60.4) < 0.001 

  High cholesterol 7,282 (25.9) 67 (15.5) 2,292 (21.0) 2,918 (28.5) 2,005 (30.5) < 0.001 

  Stroke 772 (2.7) 15 (3.5) 248 (2.3) 255 (2.5) 254 (3.9) < 0.001 

  Diabetes 3,436 (12.2) 23 (5.3) 644 (5.9) 1,233 (12.0) 1,536 (23.4) < 0.001 

  Chronic lung disease 1,608 (5.7) 40 (9.3) 488 (4.5) 531 (5.2) 549 (8.4) < 0.001 

  Cancer 1,181 (4.2) 22 (5.1) 409 (3.8) 415 (4.1) 335 (5.1) < 0.001 

  Parkinson’s disease 181 (0.6) 7 (1.6) 65 (0.6) 63 (0.6) 46 (0.7) 0.063 

  Hip fracture 497 (1.8) 13 (3.0) 198 (1.8) 167 (1.6) 119 (1.8) 0.159 

  Other fracture 1,278 (4.5) 22 (5.1) 412 (3.8) 485 (4.7) 359 (5.5) < 0.001 

  Cognitive impairment 425 (1.5) 11 (2.5) 177 (1.6) 145 (1.4) 92 (1.4) 0.156 

  Affective / emotional 2,328 (8.3) 41 (9.5) 790 (7.3) 820 (8.0) 677 (10.3) < 0.001 
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  Any arthritis 8,606 (30.6) 123 (28.5) 2,736 (25.1) 3,212 (31.4) 2,535 (38.6) < 0.001 

Drugs, n (%):       

  Anti-hypertensives 12,563 (44.7) 101 (23.4) 3,397 (31.2) 4,869 (47.5) 4,196 (63.9) < 0.001 

  Drugs for pain 8,584 (30.5) 115 (26.6) 2,580 (23.7) 3,203 (31.3) 2,686 (40.9) < 0.001 

  Psychotropic drugs 4,440 (15.8) 85 (19.7) 1,506 (13.8) 1,620 (15.8) 1,229 (18.7) < 0.001 

Previous falls, n (%) 2,333 (8.3) 55 (12.7) 770 (7.1) 817 (8.0) 691 (10.5) < 0.001 

Functional impairment, n (%) 6,157 (21.9) 113 (26.2) 1,854 (17.0) 2,166 (21.2) 2,024 (30.8) < 0.001 

P-values were calculated by Pearson’s chi-square for categorical variables and by analysis of variance (ANOVA) for continuous variables (age). 
Abbreviations: n: number; SD: standard deviation. 
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Supplementary Table 3 Longitudinal association between covariates and falls risk at follow-up, by sex (fully adjusted) 

 All 

(n = 50,041) 

Men 

(n = 21,909) 

Women 

(n = 28,132) 

 OR [95% CI] P value OR [95% CI] P value OR [95% CI] P value 

Age (years) 1.05 [1.04; 1.05] < 0.001 1.05 [1.05; 1.06] < 0.001 1.04 [1.04; 1.05] < 0.001 

Sex (women versus men) 1.35 [1.25; 1.45] < 0.001 na  na  

Self-rated health (poor versus good) 1.64 [1.52; 1.78] < 0.001 1.73 [1.51; 1.98] < 0.001 1.59 [1.44; 1.75] < 0.001 

Co-morbidities (yes versus no):       

  Heart attack 1.12 [1.02; 1.23] 0.022 1.06 [0.92; 1.24] 0.423 1.16 [1.03; 1.31] 0.018 

  Hypertension 0.98 [0.87; 1.10] 0.728 1.21 [1.001; 1.47] 0.049 0.87 [0.75; 1.01] 0.062 

  High cholesterol 0.96 [0.89; 1.04] 0.319 0.92 [0.80; 1.06] 0.260 0.99 [0.90; 1.09] 0.770 

  Stroke 1.45 [1.26; 1.67] < 0.001 1.65 [1.34; 2.03] < 0.001 1.27 [1.05; 1.54] 0.016 

  Diabetes 1.22 [1.12; 1.34] < 0.001 1.14 [0.98; 1.32] 0.100 1.28 [1.15; 1.44] < 0.001 

  Chronic lung disease 1.19 [1.06; 1.34] 0.004 1.25 [1.04; 1.51] 0.020 1.13 [0.97; 1.32] 0.107 

  Cancer 0.94 [0.80; 1.09] 0.397 0.98 [0.77; 1.25] 0.860 0.90 [0.74; 1.09] 0.267 

  Parkinson’s disease 2.34 [1.83; 2.99] < 0.001 2.98 [2.11; 4.22] < 0.001 1.81 [1.28; 2.56] 0.001 

  Hip fracture 1.32 [1.09; 1.61] 0.005 1.48 [1.04; 2.11] 0.032 1.30 [1.03; 1.64] 0.030 

  Other fracture 1.22 [1.06; 1.40] 0.005 1.16 [0.90; 1.50] 0.255 1.26 [1.07; 1.48] 0.005 

  Cognitive impairment 1.27 [1.04; 1.54] 0.017 1.51 [1.10; 2.07] 0.011 1.14 [0.89; 1.46] 0.289 

  Affective / emotional 1.22 [1.09; 1.38] 0.001 0.98 [0.76; 1.24] 0.837 1.33 [1.16; 1.52] < 0.001 

  Any arthritis 1.18 [1.09; 1.27] < 0.001 1.31 [1.14; 1.50] < 0.001 1.15 [1.04; 1.26] 0.004 
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Drugs, n (%) (use versus no use):       

  Anti-hypertensives 1.01 [0.89; 1.13] 0.936 0.91 [0.75; 1.11] 0.354 1.07 [0.92; 1.24] 0.397 

  Drugs for pain 1.38 [1.27; 1.49] < 0.001 1.47 [1.28; 1.68] < 0.001 1.34 [1.22; 1.48] < 0.001 

  Psychotropic drugs 1.51 [1.37; 1.65] < 0.001 1.77 [1.49; 2.11] < 0.001 1.42 [1.28; 1.59] < 0.001 

Previous fall(s) (yes versus no) 3.61 [3.30; 3.95] < 0.001 3.80 [3.21; 4.49] < 0.001 3.56 [3.20; 3.97] < 0.001 

Odds ratios and 95% confidence intervals are calculated by binary logistic regression, using age (years) as a continuous variable and all other 
variables as categorical variables. For categorical variables, the reference categories are: men, for sex; excellent, very good or good, for self-
rated health; absence of the disease, for each co-morbidity; not reporting previous falls, for previous falls; not taking the medication, for each 
drug. All analyses were adjusted for: age, sex, self-rated health, heart attack, hypertension, high cholesterol, stroke, diabetes, chronic lung 
disease, cancer, Parkinson’s, hip fracture, other fractures, cognitive impairment, affective / emotional disorder; any arthritis, previous falls, anti-
hypertensives, drugs for pain, psychotropic drugs (Model 2). Number of participants reporting falls at follow-up in each category: all 
participants: 4,057; men: 1,330; women: 2,727. Abbreviations: OR: odds ratios; CI: confidence intervals; ref: reference; na: not applicable. At 2-
year follow-up (Wave 7), falls in the previous six months were recorded. 
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Supplementary Table 4 Longitudinal association between BMI categories and falls risk at follow-up across European regions 

 Western and Northern Europe 

(n = 22,249) 

 Southern Europe 

(n = 13,064) 

 Eastern Europe 

(n = 14,728) 

 Pts n of falls OR [95% CI] P value  Pts n of falls OR [95% CI] P value  Pts n of falls OR [95% CI] P value 

Model 1               

Underweight 291 37 1.47 [1.02; 2.12] 0.038  97 11 1.32 [0.69; 2.54] 0.406  116 22 2.74 [1.66; 4.53] < 0.001 

Normal weight 8,741 659 1 (ref)   4,471 319 1 (ref)   4,063 306 1 (ref)  

Overweight 8,803 613 1.02 [0.91; 1.15] 0.724  5,875 464 1.23 [1.06; 1.43] 0.008  6,237 450 0.99 [0.85; 1.15] 0.866 

Obese 4,414 457 1.65 [1.45; 1.87] < 0.001  2,621 298 1.79 [1.51; 2.12] < 0.001  4,312 421 1.48 [1.26; 1.73] < 0.001 

Model 2              

Underweight 291 37 1.18 [0.80; 1.74] 0.410  97 11 1.06 [0.53; 2.14] 0.865  116 22 2.18 [1.28; 3.70] 0.004 

Normal weight 8,741 659 1 (ref)   4,471 319 1 (ref)   4,063 306 1 (ref)  

Overweight 8,803 613 0.93 [0.82; 1.05] 0.228  5,875 464 1.17 [1.00; 1.37] 0.056  6,237 450 0.94 [0.80; 1.10] 0.429 

Obese 4,414 457 1.21 [1.04; 1.39] 0.011  2,621 298 1.39 [1.15; 1.67] 0.001  4,312 421 1.16 [0.98; 1.38] 0.093 

Odds ratios and 95% confidence intervals are calculated by binary logistic regression. Model 1: adjusted for age and sex. Model 2: adjusted for 
age, sex, self-rated health, heart attack, hypertension, high cholesterol, stroke, diabetes, chronic lung disease, cancer, Parkinson’s, hip fracture, 
other fractures, cognitive impairment, affective / emotional disorder; any arthritis, previous falls, anti-hypertensives, drugs for pain, psychotropic 
drugs. Western and Northern Europe included: Austria, Belgium, Denmark, France, Germany, Luxembourg, Sweden and Switzerland; Southern 
Europe included: Greece, Israel, Italy, Portugal and Spain; Eastern Europe included: Croatia, Czech Republic, Estonia, Poland and Slovenia. 
Abbreviations: Pts: participants; OR: odds ratios; CI: confidence intervals; ref: reference. At 2-year follow-up (Wave 7), falls in the previous six 
months were recorded. 

 

 


