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Abstract
Summary Poor physical function and body composition my partly predict the risk of falls leading to fracture regardless of bone
mineral density.
Introduction To examine the relationship between body composition, physical function, and other markers of health with hip
fractures in older community-dwelling Icelandic adults.
Methods A prospective cohort of 4782 older adults from the AGES-Reykjavik study. Baseline recruitment took place between 2002
and 2006, and information on hip fractures occurring through 2012 was extracted from clinical records. Using multivariate regression
analyses, baseline measures of bone health, physical function, and body composition were compared between those who later
experienced hip fractures and to those who did not. Associations with the risk of fractures were quantified using Cox regression.
Results Mean age was 76.3 years at baseline. After adjustment for age, regression showed that male hip fracture cases compared
with non-cases had (mean (95% confidence interval)) significantly lower thigh muscle cross-sectional area − 5.6 cm2 (− 10.2, −
1.1), poorer leg strength – 28N (− 49, − 7), and decreased physical function as measured by longer timed up and go test 1.1 s (0.5,
1.7). After adjustment for age, female cases had, compared with non-cases, lower body mass index − 1.5 kg/m2 (− 2.1, − 0.9),
less lean mass − 1.6 kg (− 2.5, − 0.8), thigh muscle cross-sectional area − 4.4 cm2 (− 6.5, − 2.3), and worse leg strength − 16 N (−
25, − 6). These differences largely persisted after further adjustment for bone mineral density (BMD), suggesting that body
composition may contribute to the risk of fracture independent of bone health. When examining the association between these
same factors and hip fractures using Cox regression, the same conclusions were reached.
Conclusions After accounting for age and BMD, older adults who later experienced a hip fracture had poorer baseline measures
of physical function and/or body composition, which may at least partly contribute to the risk of falls leading to fracture.
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Introduction

Hip fractures constitute a major health problem for the elderly
in terms of reduced quality of life and life expectancy [1]. The
associated financial burden for society is also substantial with
estimated health care costs per fracture ranging between
$3500 and $25,000 [2]. At an older age, the increased inci-
dence of hip fractures can largely be explained by the critical
loss of bone mass combined with a deterioration of physical
function resulting in an increased propensity for falls [3].
Although a number of risk factors for hip fractures have been
identified, many of them such as age, height, and sex [4–6] are
non-modifiable and of limited use for prevention. Modifiable
risk factors that directly influence BMD include vitamin D
and calcium [7–10]. Other factors such as smoking [11], low
body weight [12], exercise [10, 13, 14], physical function [15,
16], and balance [17, 18] appear to have a more dual role as
they may affect both BMD and propensity of falls.

Many previous studies have often focused on quantifying
fracture risk for a single or a few selected risk factors only.
This approach is somewhat limited, as it largely ignores the
fact that risk factors tend to emerge in clusters at an older age
when health deteriorates [19, 20]. In terms of prevention, a
better understanding of how individual risk factors for hip
fractures cluster and identifying through which pathway they
may operate is likely to achieve better results than focusing on
individual risk factors alone.

In a large prospective cohort of elderly subjects who
underwent detailed clinical examination, we examined the
baseline characteristics of individuals who subsequently had
hip fractures (cases) compared with those who did not (non-
cases) in relation to measures of bone health, body composi-
tion, physical function, lifestyle, and health. We aimed to
identify and separate risk factors for hip fractures associated
with an increased propensity for falls on the one hand and
those associated with poor bone health on the other.

Methods

Study participants

This study is based on Age, Gene/Environment Susceptibility-
Reykjavik Study (AGES-Reykjavik) that has been described in
detail elsewhere [21]. Between 2002 and 2006, a total of 5764
subjects were recruited, 3326 female and 2438male. A total of
933 subjects did not undergo QCT scanning either because
they did not want to attend or because they excluded for rea-
sons including extreme body weight, being unable to lie flat
on the scanner bed, and having metal implants at the scan site.
In addition, information on hip fracture status during follow-
up was missing for 49 subjects leaving 4782 subjects (84% of
those enrolled) available for analyses. The subjects not

included in our analyses were on average 4 years older.
After adjustment for age, those who were not included had
poorer physical function as measured by the timed up and go
test and leg strength. There were, however, no marked differ-
ences in clinical biomarkers (including serum 25(OH)D) and
body composition (see Supplemental Table 1).

All participants provided written informed consent. The
study was approved by the Icelandic National Bioethics
Committee (VSN: 00-063) and the National Institute on
Aging Intramural Institutional Review Board (MedStar IRB
for the Intramural Research Program, Baltimore, MD).

Assessment of hip fractures

Hip fractures were defined according to the International
Classification of Diseases version 10, diagnostic codes
S72.0, S72.1, and S72.2 [22]. Based on this definition, infor-
mation on hip fractures were extracted, verified, and con-
firmed by medical and radiological records. The exact proce-
dures have been described previously, where it was estimated
that around 97% of all hip fractures occurring among partici-
pants were captured [23]. Information on hip fractures includ-
ed all events occurring from participants’ enrollment (2002–
2006) into the study until 31 December 2012.

Clinical examination

Blood chemistry

During the clinical examination, fasting blood samples were
drawn, and biomarkers reflecting general health and nutrition
were quantified, i.e., serum 25-hydroxy vitamin D
(25(OH)D), albumin, and hemoglobin using standard
methods [7].

Body composition

Body weight was measured in light underwear on a calibrated
scale (model no. 708, Seca, Hamburg, Germany), and height
was measured with a calibrated stadiometer (model no. 206;
Seca, Hamburg, Germany). Based on these two measures,
sex-specific fat- and fat-free mass were estimated using bio-
electric impedance analysis (BIA). Body mass index (BMI)
was calculated as weight in kg divided by height in meters
squared.

Muscular strength, physical function, and balance

Leg strength and grip strength were quantified using a com-
puterized dynamometer chair (Good Strength, Metitur Ltd.,
Finland). Leg strength was measured in the right knee and
quantified in terms of the maximal isometric extension force,
as described previously [24]. Grip strength was quantified in
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terms of the maximum force the participants could squeeze as
has been described before [25]. For both leg and grip strength,
the best performance out of three measures was used. Physical
function was assessed as the timed up and go test, which
measures the time it takes to stand up from a chair, walk 3
m, return, and sit down [26, 27]. Participants also underwent a
balance test [28], where they were asked to stand in an eased
upright position with hands beside the body. The test
consisted of following a computer monitor that showed a
moving frame of reference that should be followed without
losing balance or taking an extra step. The maximal distance
achieved was then recorded for leaning backwards and for-
ward and when leaning to the sides from left to right.

Assessment of bone health and muscle thigh area

Bone health was measured using quantitative computerized
tomography (QCT) measuring bone mineral content, volume,
and density of the femoral neck and trochanter. The integral
bone mineral density was then calculated from those mea-
sures. The exact procedures and quality control for these scan-
nings have been described in detail elsewhere [29].

Information on lifestyle and health

During the clinical examination, participants filled out a ques-
tionnaire covering medical history, lifestyle, and socioeco-
nomic status. To summarize the health status of participants,
we used the Charlson comorbidity index (CCI) [30] defined as
the binary sum over the following comorbidities: myocardial
infarction, congestive heart failure, peripheral vascular dis-
ease, chronic obstructive pulmonary disease, diabetes, and
chronic renal failure as described by Austin et al. [31].
Current alcohol consumption was categorized as higher or
lower than moderate intake of ≤ 25 g/day or > 25 g/day
[32]. Current smoking was categorized as yes/no. Physical
activity was categorized as ≤ 30 or > 30 min of moderate or
vigorous physical activity per day. The number of falls during
the last 12 months before AGES recruitment was categorized
as ≤ 3 or > 3 falls.

Statistical analyses

Statistical analysis was conducted using SPSS for Windows
version 24.0 (SPSS, Chicago, IL, USA), and the level of sig-
nificance was set at P < 0.05. Data were checked for normality
using visual inspection of histograms and quantile-quantile
plots. The mean and standard deviation (SD) were used to
describe continuous variables, and percentages were used to
describe dichotomous variables.

Differences between hip fracture and non-fracture cases
were examined using multivariable linear regression analyses,
run separately for males and females. For these analyses,

adjusted models accounting for either (1) age or (2) age and
BMD of the femoral neck were used. Differences between hip
fracture cases and non-cases were formally tested using the t
test that was for continuous variables and chi-square test for
dichotomous variables.

In addition to examining differences in characteristics of
hip fracture cases and non-cases at baseline, Cox regression
analysis was also used to quantify the association between
baseline measures of body composition, clinical biomarkers,
physical function, and later fracture status. As mentioned
above, adjustments for either (1) age or (2) age and BMD of
the femoral neck were made. The underlying time scale in
these models was the time from recruitment (baseline) until
fracture, death, or end of follow-up. The hazard ratio was
estimated in relation to a 1-SD increase in the independent
variable.

Results

Among 2104 males and 2678 females with BMD data, a total
of 114 and 273 hip fractures occurred between recruitment
(2002–2006) and end of follow-up (31 December 2012), re-
spectively. The mean (SD) age at hip fracture was 79.8 years
(5.5) for males and 79.2 years (5.2) for females with mean
(SD) follow-up time of 4.6 years (2.3) and 5.3 (2.4) for males
and females, respectively. The mean follow-up time for non-
cases was 7.4 (2.4) and 7.9 (2.1) for males and females, re-
spectively. No clear seasonal variation in hip fractures was
observed (data not shown).

Crude measures of bone health, body composition, clinical
biomarkers, physical function, and other characteristics re-
corded at baseline among those who later experienced hip
fractures and those who did not are presented in Table 1.
After accounting for age (age-adjusted P values), males and
females who later experienced hip fractures had significantly
lower baseline serum 25(OH)D and BMD of the femoral neck
compared with non-cases. More pronounced differences in
BMD were observed for the trabecular compared with the
cortical part of the bone. For both sexes, hip fracture cases
also had poorer leg strength and were more likely to experi-
ence several falls (> 3) during the previous 12 months prior to
recruitment. No differences in Charlson comorbidity index
and smoking were observed. With respect to sex-specific dif-
ferences, male cases had significantly worse balance, lower
albumin concentrations, and performed worse in the timed up
and go test compared with non-cases. On the other hand, more
pronounced and significant differences in body composition
were observed between female cases and non-cases.

Adjusted differences between hip fracture cases and non-
cases are shown in Table 2. Compared with the age-adjusted
model, further adjustment for BMD had only a minor impact
on the observed differences between hip fracture cases and
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non-cases for females. That is, after adjustment for age and
BMD significant differences in measures of body composi-
tion, serum 25(OH)D and leg strength were still clearly pres-
ent. For males, significant differences in serum 25(OH)D,
albumin, timed up and go test, and balance were also still

present after adjustment for BMD, while differences inmuscle
thigh area and leg strength were no longer formally
significant.

Table 3 shows the corresponding risk of fracture from the
Cox regression analysis for all variables shown in Table 2.

Table 1 Baseline characteristics of participants (N = 4782)

No.
Males/females

Males Age-adjusted
P value1

Females Age-adjusted
P value1

No fracture Hip fracture No fracture Hip fracture
(n = 1990) (n = 114) (n = 2405) (n = 273)

Mean (standard deviation) Mean (standard deviation)

General characteristics

Age (years) 2104/2678 76.4 (5.3) 79.8 (5.5) < 0.001 75.8 (5.5) 79.2 (5.2) < 0.001

Charlson comorbidity index 2104/2678 1.4 (6.6) 2.0 (3.7) 0.53 0.9 (3.1) 1.1 (2.7) 0.92

Bone mineral density of the femoral neck

Integral BMD (mg/cm3) 2104/2678 256 (50) 208 (41) < 0.001 248 (50) 215 (40) < 0.001

Trabecular BMD (mg/cm3) 2104/2678 41 (42) 10 (34) < 0.001 25 (44) 6 (36) < 0.001

Cortical BMD (mg/cm3) 2104/2678 544 (44) 529 (47) < 0.001 534 (42) 523 (40) 0.003

Body composition

Height (cm) 2104/2678 175.5 (6.2) 174.4 (6.7) 0.93 161.0 (5.7) 159.8 (5.7) 0.99

BMI (kg/m2) 2104/2678 26.8 (3.8) 26.0 (4.1) 0.18 27.4 (4.8) 25.6 (4.7) <0.001

Fat-free mass (kg) 1712/2219 64.0 (7.5) 61.6 (8.4) 0.15 46.0 (6.4) 43.4 (6.4) <0.001

Fat mass (kg) 1712/2220 18.6 (7.0) 17.2 (7.0) 0.53 24.6 (7.4) 21.8 (7.4) < 0.001

Thigh muscle area (cm2) 1186/1558 119 (21) 107 (20) 0.02 85 (14) 77 (13) < 0.001

Biomarkers

25OHD (nmol/L)2 2104/2678 57.1 (24.4) 51.5 (25.4) 0.005 51.4 (23.2) 46.4 (21.8) 0.001

Hemoglobin (g/L) 2104/2678 14.1 (1.2) 13.7 (1.4) 0.08 13.2 (1.0) 12.9 (1.1) 0.03

Hemoglobin < 12.1 (g/L) (%) 2104/2678 7 15 0.08 15 23 0.02

Albumin (g/L) 1198/1502 41.2 (2.6) 40.0 (3.0) 0.02 40.9 (2.4) 40.5 (2.4) 0.41

Physical measurements

Leg strength (N) 1945/2495 408 (108) 352 (184) 0.01 262 (76) 228 (67) 0.001

Leg strength < 10th percentile (%) 9.3 22.3 0.009 9.5 16.9 0.14

Grip strength (N) 1921/2467 389 (92) 363 (183) 0.95 236 (68) 217 (53) 0.20

Grip strength < 10th percentile (%) 9.5 19.0 0.24 9.5 15.0 0.30

Timed up and go (s) 2073/2654 12.1 (3.2) 13.8 (3.7) 0.001 12.4 (3.8) 13.3 (4.0) 0.46

Timed up and go > 15 s (%) 13 28 0.02 16 25 0.18

Balance forward-backward (cm) 1883/2424 9.1 (3.0) 7.4 (3.2) 0.001 7.9 (2.9) 7.1 (3.0) 0.69

Balance left-right (cm) 1883/2424 11.9 (3.2) 10.6 (3.7) 0.05 9.7 (3.3) 8.9 (3.0) 0.37

Other characteristics

Alcohol more than 25 g (%) 2104/2678 27 19 0.25 11 10 0.64

Smoking (%) 2104/2678 12 11 0.62 13 13 0.11

Physical activity (%) 2090/2675 37 21 0.01 29 21 0.23

> 3 falls last 12 month (%) 2088/2675 1 2.6 0.02 2 4 0.07

Use of Calcium supplements, (%) 136/644 6 10 0.32 24 28 0.29

Use of Multi-vitamins, (%) 526/893 25 33 0.22 33 34 0.62

Taking cod liver oil, daily (%)3 1588/1911 77 66 0.008 73 69 0.30

On osteoporosis medication (%)4 7/113 0.3 2 0.03 4 8 0.02

1P value from independent samples’ t test and chi-square test. Except for age all P values are adjusted for age as a continuous measure; 2 25OHD = 25-
hydroxy vitamin D; 3A traditional food supplement containing ~ 800 IU of vitamin D; 4Osteoporosis medication without estrogen
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Overall, conclusions remained largely consistent, although
some of the mean differences in Table 2 that were borderline
significant (e.g. leg strength, hemoglobin, and balance left-
right for males) or showed non-significant small differences
(timed up and go test and grip strength) were formally signif-
icant in the Cox regression analyses (Table 3).

In the results presented in Tables 1, 2, and 3, a total of 1500
subjects, of which 183 were hip fracture cases, died during the
follow-up period. Examining the influence of mortality during
follow-up, we observed similar differences as presented in
Table 1, and the same conclusions were reached when exclud-
ing those who died during the follow-up period (see
Supplemental Table 2).

Discussion

In this cohort of 4782 older adults, we examined base-
line characteristics of participants who later experienced
a hip fracture during a mean follow-up time of 7.4
years versus those who did not. Participants who expe-
rienced hip fracture were generally older and frailer.
After adjusting for age, the differences between the
two groups can be summarized as reduced thigh muscle
cross-sectional area, lower leg strength, and decreased
physical function in terms of timed up and go and

balance among males. Female cases, on the other hand,
had lower BMI, less lean mass and fat mass, as well as
reduced thigh muscle cross-sectional area and lower leg
strength. These differences largely persisted after further
adjustment for bone mineral density, suggesting that
they may at least partly contribute to the risk of fracture
independent of bone health.

Consistent with findings from other studies [3, 14, 33], hip
fracture cases in our study scored lower in most baseline charac-
teristics related to bone health and body composition. Apart from
BMD, one of the most pronounced and consistent differences
between hip fracture cases and non-cases for both sexes were
observed for thigh muscle area and leg strength. Both measures
are determinants of mobility and physical function in older
adults. Several sex-specific differences were also observed. For
example, after adjustment for age and BMD, differences in clin-
ical biomarkers and physical function were more pronounced in
males, while differences in body composition were more pro-
nounced in females. Similar differences in body composition
have been observed in other studies as well [3].

In line with our findings, the EPIDOS study [33] reported
that both poor balance and physical function were, after ad-
justment for age and BMD, significantly associated with an
increased risk of subsequent hip fractures. Two other studies
[15, 34] have also suggested that limitations in physical func-
tioning are related to increased hip fracture risk. With respect

Table 2 Differences in body composition, physical function, and general health status between fracture vs non-fracture participants (N = 4782)

Males Females

Fractures (n = 114) vs. no fractures (n = 1990) Fractures (n = 273) vs. no fractures (n = 2405)

Adjusted for age Adjusted for age and BMD1 Adjusted for age Adjusted for age and BMD1

Δ (95%CI) Δ (95%CI) Δ (95%CI) Δ (95%CI)

Body composition

BMI (kg/m2 ) − 0.5 (− 1.2, 0.2) 0.1 (− 0.7, 0.7) − 1.5 (− 2.1,− 0.9) − 2.0 (− 1.6,− 0.4)

Fat-free mass (kg) − 1.8 (− 2.8, 0.4) − 0.1 (− 1.7, 1.5) − 1.6 (− 2.5,− 0.8) − 0.9 (− 1.8,− 0.1)

Fat mass (kg) − 0.5 (− 2.0, 1.0) 0.1 (− 1. 5, 1.6) − 2.0 (− 3.0,− 0.9) − 1.2 (− 2.3,− 0.2)

Height (cm) 0.1 (− 1.1, 1.2) 0.0 (− 1.1, 1.2) − 0.0 (−0.7, 0.7) 0.1 (−0.6, 0.8)
Muscle thigh area (cm2) − 5.6 (− 10.2,− 1.1) − 2.3 (− 6.8, 2.3) − 4.4 (− 6.5,− 2.3) − 3.2 (− 5.3,− 1.14)

Biomarkers

25OHD (nmol/L)2 − 5.9 (− 10.6,− 1.3) − 4.6 (− 9.3, 0.0) − 4.8 (− 7.8,− 1.9) − 4.6 (− 7.5,− 1.6)

Hemoglobin (g/L) − 0.2 (− 0.4, 0.0) − 0.2 (− 0.4, 0.1) − 0.2 (− 0.3,− 0.0) − 0.1 (− 0.3,− 0.0)

Albumin (g/L) − 0.9 (− 1.6,− 0.2) − 0.8 (− 1.5,− 0.1 ) − 0.2 (− 0.62, 0.25) − 0.2 (− 0.6, 0.3)

Physical measurements

Leg strength (N) − 28 (− 49,− 7) − 19 (− 41, 2) − 16 (− 25,− 6) − 14 (− 23,− 4)

Grip strength (N) − 1 (− 19, 18) 2 (− 17, 21) − 5 (− 14, 3) − 5 (− 13, 4)

Timed up and go (s) 1.1 (0.5, 1.7) 1.0 (0.4, 1.6) 0.2 (− 0.3, 0.6) 0.1 (− 0.3, 0.6)

Balance forward-backward (cm) − 1.0 (− 1.5,−0.4) − 1.0 (− 1.6,− 0.4) − 0.1 (− 0.4, 0.3) − 0.1(− 0.5, 0.3)

Balance left-right (cm) − 0.6 (− 1.3, 0.0) − 0.6 (− 1.2, 0.1) − 0.2 (− 0.6, 0.2) − 0.2 (− 0.6,0.2)

1 BMD, integral bone mass density in femoral neck region. 2 25OHD = 25-hydroxy vitamin D. Statistically significant estimates are shown in bold font
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to body composition, the Health ABC study found high sub-
cutaneous fat thickness to be protective against hip fracture
risk in both males and females [16]. This observation is also
supported by more experimental work by Robinovitch et al.
(1995). They showed that when applying the same impact, the
measured peak force to the hip was reduced with increased
trochanteric soft tissue thickness [34].

Concerning the sex-specific differences observed in our
study, the higher incidence of hip fractures in females is, at
least partly, explained by increased survival to older age, en-
hanced rate of bone loss after menopause [35], and smaller
bone size compared with males [29]. These differences may
explain the pattern observed in our study (Tables 2 and 3) with
the protective role of body composition being more pro-
nounced females [17, 35], while physical function, a marker
of frailty and propensity of falls [36], being more pronounced
for males who tend not to live as long as females.

In older adults’measures of physical function such as muscle
thigh area, leg strength, timed up and go, and balance can be
improved through resistance training and exercise. What impact
such improvements may have on fracture risk must be examined
in an intervention setting. When comparing cases and non-cases,
absolute differences in the timed up and go test were stronger for
males than females (Table 3). However, in terms of risk of frac-
ture, a 1-SD increase in timed up and gowas, after adjustment for
age and BMD, significantly associated with around 50% and

25% higher risk of hip fracture in males and females, respective-
ly. The strength of this associationwas similar or stronger towhat
was observed for other more advanced measures examined in
our study. These results suggest that timed up and go test may be
a relevant method to use when identifying older adults who are at
increased fracture risk due to impaired functional mobility [37].
The advantages of using the timed up and go test are that it is
non-invasive and less expensive thanmore advanced image tech-
niques (e.g., DXA, CT, MRI).

The beneficial effect of sufficient vitamin D status on BMD is
well established [38, 39], and both uses of vitamin D containing
supplements and serum 25(OH)D status have been observed to
be a predictor of bone health in this cohort [7, 40]. In our study,
serum 25(OH)D also remained significantly different between
hip fracture cases and non-fracture cases after adjustment for
BMD, which is in line with findings from other studies [41,
42]. These associations may suggest a possible role of vitamin
D in fracture prevention beyond bone density.

Regarding interpretation of our results, we presented both
absolute mean differences in baseline characteristics of sub-
jects who later (~ 5 years) experienced hip fractures compared
with those who did not (Table 2) as well as examining the
associations for these characteristics with time until fracture
using Cox-regression analyses (Table 3). As the Cox regres-
sion analyses takes time to event into consideration, it pro-
vides a more direct and precise estimate of the underlying

Table 3 Associations between baseline characteristics and risk of hip fracture over the follow-up period (N = 4782)

Males (n = 2104) Females (n = 2678)

Adjusted for age Adjusted for age and BMD2 Adjusted for age Adjusted for age and BMD2

HR (95%CI)1 HR (95%CI) 1 HR (95%CI) 1 HR (95%CI) 1

Body composition

BMI (kg/m2) 0.86 (0.72, 1.04) 1.08 (0.88, 1.32) 0.72 (0.64, 0.82) 0.80 (0.69, 0.92)

Fat-free mass (kg) 0.85 (0.68, 1.08) 1.10 (0.87, 1.39) 0.79 (0.70, 0.89) 0.87 (0.76, 1.00)

Fat mass (kg) 0.97 (0.77, 1.22) 1.11 (0.89, 1.39) 0.75 (0.64, 0.88) 0.85 (0.73, 0.99)

Height (cm) 0.94 (0.78, 1.12) 1.12 (0.93, 1.35) 0.95 (0.85, 1.07) 1.02 (0.90, 1.17)

Muscle thigh area (cm2) 0.66 (0.51, 0.85) 0.78 (0.59, 1.03) 0.66 (0.57, 0.76) 0.66 (0.55, 0.81)

Biomarkers

25OHD (nmol/L) 3 0.72 (0.60, 0.88) 0.82 (0.67, 1.00) 0.87 (0.77, 0.98) 0.82 (0.72, 0.94)

Hemoglobin (g/L) 0.70 (0.59, 0.83) 0.78 (0.63, 0.95) 0.83 (0.75, 0.92) 0.84 (0.74, 0.95)

Albumin (g/L) 0.64 (0.51, 0.79) 0.68 (0.51, 0.90) 0.83 (0.75, 1.02) 0.88 (0.73, 1.06)

Physical measurements

Leg strength (N) 0.56 (0.43, 0.72) 0.70 (0.53, 0.92) 0.75 (0.65, 0.87) 0.76 (0.65, 0.89)

Grip strength (N) 0.79 (0.64, 0.99) 0.89 (0.70, 1.22) 0.71 (0.61, 0.83) 0.73 (0.62, 0.85)

Timed up and go (s) 1.51 (1.33, 1.73) 1.53 (1.31, 1.79) 1.28 (1.16, 1.41) 1.25 (1.12, 1.40)

Balance forward-backward (cm) 0.69 (0.58, 0.83) 0.72 (0.60, 0.87) 0.91 (0.80, 1.02) 0.92 (0.81, 1.04)

Balance left-right (cm) 0.79 (0.66, 0.94) 0.89 (0.74, 1.08) 0.92 (0.81, 1.04) 0.91 (0.79,1.03)

1 Hazard ratios (HR) and 95% confidence intervals (CI). The hazard ratios reflecting change in risk 1-SD increase in exposure. 2 BMD, integral bone
mass density in femoral neck region. Statistically significant estimates are shown in bold font. 3 25OHD = 25-hydroxy vitamin D
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association. The absolute differences, however, provide infor-
mation on how different the two groups were in absolute term
at baseline. Overall same conclusions were reached for both
analyses but difference that were borderline significant in
Table 2 (e.g., leg strength, hemoglobin, and balance left-
right for males) reached formal significance when associations
with time to event were examined (Table 3). For females, the
timed up and go test and grip strength were significantly as-
sociated with increased risk of fractures (Table 3), while only
modest and non-significant differences were observed for the
mean differences at baseline (Table 2). In both cases the asso-
ciations with risk of fractures appeared to be driven by few
subjects with poor performance for these two measurements,
which were slightly overrepresented among hip fracture cases
(see Table 1).

Our study had several strengths, including its longitudinal
design with a large number of participants who underwent a
detailed, standardized clinical evaluation at baseline. After a
relatively long follow-up period, hip fracture cases were ex-
tracted from clinical records and additionally verified. The
study sample is representative of the elderly population in
Iceland, which is reflected by a similar incidence of hip frac-
tures compared with the general population [43]. Concerning
limitations, despite the strength of the longitudinal design
compared with other observational designs, these types of
studies are still prone to biases due to improper confounder
control and/or residual confounding. As a result, replication of
our findings in another independent data source and further
support from carefully designed interventions are needed.

Conclusions

Community-dwelling older adults who later experienced a hip
fracture were generally older and frailer at the baseline evalua-
tion, compared with those who did not subsequently suffer a
fracture. After accounting for age and BMD, hip fracture cases
had poorer baseline measures of physical function and/or body
composition, which may at least partly contribute to the risk of
falling, leading to fracture. A simple test of physical function,
such as the timed up and go test, seems to compare favorably
with more advanced methods using image analyses. In terms of
preventive measures for hip fractures, more focus on improved
physical function explored in intervention setting seems justified.
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