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Abstract

Objective—Patients with osteoarthritis have increased bone mass, but no decrease in fractures.
We studied the association between self-reported osteoarthritis and incident falls and fractures in
postmenopausal women.

Methods—GLOW is a prospective, multinational cohort of 60 393 non-institutionalised women
aged =55 years who had visited primary care practices within the previous 2 years. Questionnaires
were mailed at yearly intervals. Patients were classified as osteoarthritic if they answered yes to
the question “Has a doctor or other health provider ever said that you had osteoarthritis or
degenerative joint disease?”, and this was validated against primary care records. Information on
incident falls, fractures, and covariates was self-reported. Cox and Poisson models were used for
incident fractures and number of falls, respectively, to compute hazard ratios (HRs) and rate ratios
(RRs) for baseline osteoarthritis status.

Results—Of 51 386 women followed for a median of 2.9 (interquartile range 2.1 to 3.0) years,
20 409 (40%) reported osteoarthritis. The adjusted HR for osteoarthritis predicting fracture was
1.21 (95% CI 1.13 to 1.30; p<0.0001) and the adjusted RR for falls was 1.24 (95% CI 1.22 to 1.26;
p<0.0001). However, the association between osteoarthritis and fracture was not significant after
adjustment for incident falls; HR 1.06 (95% CI 0.98 to 1.15; p=0.13).

Conclusion—Postmenopausal women with self-reported osteoarthritis have a 20% increased
risk of fracture and experience 25% more falls than osteoarthritis-free peers. Our data suggest that
increased falls are the causal pathway of the association between osteoarthritis and fractures.

Keywords
Osteoporosis; Osteoarthritis; Fractures; Bone; Accidental Falls; Epidemiology

INTRODUCTION

Osteoarthritis and osteoporosis are both common conditions among the elderly, and are
associated with significant morbidity and healthcare costs. The residual lifetime risk of any
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fracture among women aged over 60 years has been estimated to be 44% in an international
cohort study.[l] Osteoarthritis is the most prevalent joint disease, with radiographic knee and
hip osteoarthritis present in 33% and 27% in people aged over 60 years, respectively. [2] The
lifetime risks of symptomatic knee and hip osteoarthritis are 45% and 25%, respectively. [3,
4] In terms of direct costs for the healthcare system, it has been shown that more than 60%
of the patients with osteoarthritis are offered drug treatments by their GP, and 47% are
referred to a specialist.[5]

A possible association between osteoarthritis and osteoporosis (and fragility fractures) has
long been studied, with discordant results. First observations[e] suggested a protective effect
of osteoarthritis for osteoporosis and subsequent fractures. Furthermore, several studies
demonstrated an increased bone mineral density (BMD) in patients with osteoarthritis. This
association appeared to be stronger for knee and hip osteoarthritis than for generalised
osteoarthritis or osteoarthritis at other sites.[7, 8] However, case-control and prospective
cohort studies later showed either no relationship between osteoarthritis and osteoporosis,[g,
10] or, more recently, an increased risk of fracture in patients with osteoarthritis.[ll, 12]
Different aetiologies for this association have been suggested, including increased body
sway in patients with knee or hip osteoarthritis,[lo] more high-impact falls in the context of
osteoarthritis,[13] and higher severity of falls sustained.[14] However, none of these has
been proven to be the causal pathway of the observed increase in fracture rates among
osteoarthritis patients. Hence, we aimed to assess the existing association between self-
reported osteoarthritis and incident falls and fractures. In particular, we wished to study if,
and to what extent, falls contribute to the association.

METHODS
Study design

Participants

GLOW is an observational follow-up study designed to improve the understanding of
international patterns of susceptibility, recognition, management, and outcomes of care in
women aged 55 years and older at risk of fragility fractures. The study methods have been
described previously[15] and are briefly outlined herein.

and recruitment

GLOW was conducted at 723 physician practices in 17 study sites in 10 countries in Europe,
North America, and Australia. A scientific advisory board, consisting of investigators at
each of the 17 sites, was constituted to provide scientific oversight and study management.
Practices typical of each region were recruited through primary care networks, or by
identifying all physicians in a geographic area. Enrolment occurred between December 2007
and March 2009. Each primary care practice provided a list of the names and addresses of
women aged 55 years and older who had consulted their physician in the past 24 months.
These lists comprised the sampling frame. Sampling was stratified by age to ensure that two
thirds of the women surveyed were aged 65 years and older. Patients were excluded from
GLOW if they were unable to complete the study survey due to cognitive impairment,
language barriers, or institutionalisation, or because they were too ill. In addition, women
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with missing baseline osteoarthritis or fracture information, and those with coeliac disease or
rheumatoid arthritis were excluded from the current analysis.

Source of information

Questionnaires were designed to be self-administered and covered several health-related
domains. Where possible, items from published validated instruments were used, including
the National Health and Nutrition Examination Survey (NHANES), EuroQol (EQ-5D), and
short-form 36 (SF-36). Questions that had not been used previously were tested cognitively
in the context of the complete questionnaire in a sample of women the same age as those in
the study. The complete baseline questionnaire was also pilot-tested before being finalised to
gauge subject comprehension and completion time. Baseline questionnaires, along with
invitations to participate in the study signed by the local principal investigator, were mailed
to all potential participants. Women who responded were surveyed annually for the next 3
years. The process for entering, verifying, and managing survey data was uniform across all
study sites, and was carried out in the central coordinating centre.

Definition and validation of osteoarthritis status

Participants were categorised as having “osteoarthritis” or “no osteoarthritis” based on their
baseline response to “has a doctor or other health provider ever said that you had
osteoarthritis or degenerative joint disease?”.

In order to validate self-reported OA status within the GLOW registry, we linked baseline
data for the 3,043 participants recruited in one of the enrolment sites (Barcelona, Spain) to a
primary care electronic records database (www.sidiap.org), which includes clinical
information coded using ICD-10 codes for >85% of the local population. We then identified
among the linked participants those with an ICD code for Osteoarthritis (M15 to M19) at the
time when they returned the filled in baseline GLOW questionnaire. Finally, we calculated
concordance rates (true positives + true negatives over total number of patients assessed) and
Sensitivity and Specificity using standard methods.

Definition of outcomes

The primary outcome of our study was time to first fracture. This was defined according to
each woman’s response to the questions “In the last 12 months, how many times did you
break or fracture a bone?” and “In what month and year did it happen?”, which appeared
repeatedly in the follow-up questionnaires for years 1, 2, and 3. Further, site of fracture
(“Upper arm”, “Collar bone or clavicle”, “Wrist”, “Spine”, “Rib”, “Pelvis”, “Hip”, “Ankle”,
“Upper leg”, “Lower leg”, and “Other”) was ascertained accordingly. In the present study, in
addition to analysing time to any/overall fracture, we studied the four most frequent fracture
locations separately: hip, clinical spine, wrist/forearm, and upper arm.

Our secondary outcome was number of incident falls. This was defined based on the
participant response to “In the last 12 months, how many times have you fallen?”, with the
corresponding possibilities of “None”, “Once”, “Two times or more”. This question was
repeated in the three follow-up surveys.
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Statistical methods

Cumulative fracture incidence was calculated by the Kaplan-Meier method, using the
counting process approach to accommodate gaps in women’s foIIow-up.[16] Cox models for
incident fracture were used to compute unadjusted hazard ratios (HRs) for baseline
osteoarthritis status. A multivariable Cox model for incident fracture was fitted using
backwards selection, beginning with all variables with univariate p-values <0.20. Variables
that remained significant (p<0.05) in the multivariable setting were retained for the final
model: potential confounders adjusted for were age, body mass index (BMI), anti-
osteoporosis medication use, chronic obstructive pulmonary disease or emphysema,
Parkinson’s disease, fracture history, parental hip fracture history, baseline oral
corticosteroid use, and secondary osteoporosis (as defined by use of aromatase inhibitors,
diagnosis of inflammatory bowel disease, type 1 diabetes, and menopause before age 45
years). A Kaplan-Meier curve showing fracture by baseline osteoarthritis diagnosis was
computed using the subset of women with complete follow-up (baseline, year 1, year 2, and
year 3). Also using this subset of complete data, univariate and zero-inflated multivariable
Poisson regression models were fitted to estimate rate ratios (RRs) for incident falls for
osteoarthritis versus non-osteoarthritis participants. These models were fitted using similar
stepwise backwards selection methods. Robust standard errors were used in order to account
for the fact that falls are not independent events. All analyses were performed using SAS
version 9.2 and Stata version 10.0.

RESULTS

Of the 60 393 women enrolled in GLOW, 51 386 (85%) were included in the current
analysis, and followed up for a median (interquartile range) of 2.9 (2.1 to 3.0) years. Among
them, 20 409 (40%) reported a physician diagnosis of osteoarthritis at baseline (see
population flow-chart in figure 1). In the subsample of 3 043 participants recruited in
Barcelona (Spain), 2 757(90.6%) were linked to primary care electronic medical records,
and 2 555(92.7%) out of these had information on baseline OA status. Among these,
concordance between self-reported OA and GP records was 79.5%, with corresponding
sensitivity 94% (95CI 92% to 95%) and specificity 71% (69% to 73%). Osteoarthritis
patients were significantly older, had a higher BMI, and were more likely to have a diagnosis
of asthma, chronic obstructive pulmonary disease, stroke, inflammatory bowel disease,
Parkinson’s disease, and cancer. They also reported more fractures at baseline. Baseline
characteristics for the whole and for both the osteoarthritis and non-osteoarthritis
participants are shown in table 1. Potential follow-up bias was analysed by comparing
baseline characteristics for the population who completed the 3-year follow-up questionnaire
with those for women who were lost to follow-up. Lost patients were older, and had a higher
prevalence of several co-morbid conditions and risk factors for fracture, including a history
of previous fractures (data not shown).

Overall fracture prevalence was 23.2% (95% confidence interval (Cl) 22.8 to 23.5%) for the
whole population, 27.4% (95% CI 26.8 to 28.0%) for osteoarthritis women and 20.4% (95%
Cl 19.9 to 20.8%) for non-osteoarthritis participants. Corresponding cumulative incidence
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rates at 3 years were 10.0% (95% CI 9.7 to 10.3%), 12.1% (95% CI 11.6 to 12.6%) and
8.7% (95% CI 8.3 to 9.0%) respectively (figure 2; table 2)

Site-specific fracture prevalence, incidence rates, and unadjusted HRs are shown in table 3.
This increase in fracture rates remained significant after adjusting for potential confounders:
multivariable adjusted HR 1.21 (95% CI 1.13 to 1.30; p<0.0001). Further adjustment for
falls history (as reported in the baseline questionnaire) slightly attenuated the risk estimate:
HR 1.16 (95% CI 1.08 to 1.25; p<0.0001). When we studied each of the fracture sites
separately (hip, clinical spine, wrist/forearm, upper arm, and ankle/lower leg), both
prevalence and cumulative incidence rates were significantly higher in the osteoarthritis
subjects (table 3). Corresponding unadjusted HRs and 95% Cls are shown in table 3.

Separate multivariable analyses for different fracture sites showed a significant increase in
spine and wrist/forearm fractures among the osteoarthritis participants (adjusted HRs of 1.27
(95% CI 1.02 to 1.58; p=0.032) and 1.24 (1.07 to 1.44; p=0.004), respectively), but not in
hip, upper arm, or lower leg/ankle fracture rates (table 4). After adjusting for baseline falls,
the increase in spine fractures was attenuated (HR 1.23; 95% CI 0.99 to 1.54; p=0.061) and
no longer statistically significant, but wrist/forearm fractures remained significantly higher
in the osteoarthritis group (HR 1.21; 95% CI11.04 to 1.40; p=0.014).

Regarding falls, whilst 10,390 (33.9%) non-osteoarthritis subjects had one or more falls,
8,630 (42.6%) of the osteoarthritis participants reported at least one fall in the year before
enrolment. After 3 years of follow-up, 21,839 (70.5%) of the non-osteoarthritis patients had
fallen at least once, vs 16,089 (78.8%) among the osteoarthritis women. We thus observed
an increased rate of falls in osteoarthritis vs non-osteoarthritis patients: fall incidence rates
were 23/100 person-years (22 to 23) and 20/100 person-years (19 to 20) respectively. The
corresponding multivariable adjusted RR was 1.24 (1.22 to 1.26; p<0.0001), which remained
significant after adjusting for baseline falls history (RR 1.14 [1.12 to 1.16]; p<0.0001).

As the observed increase in falls in osteoarthritis subjects might explain the higher risk of
fracture in these patients, we further adjusted our multivariable Cox models of osteoarthritis
predicting fracture for incident falls on or before fracture (yes/no), after which the resulting
HR was no longer significant (HR 1.06 [0.98 to 1.15]; p=0.13).

DISCUSSION

Key results

We found that self-reported physician diagnosis of osteoarthritis was associated with a
significant increase in fracture risk of up to about 20%, even after multivariable adjustment
for potential confounders. The effect size observed was very similar for each of the fracture
sites assessed separately, but the rate increase was only significant for wrist/forearm
fractures, possibly due to sample size. Secondly, we have demonstrated that postmenopausal
women reporting osteoarthritis are at an increased risk of falls of about 25%, again after
multivariable adjustment, with only small reduction in the effect size observed even after
further adjustment for baseline fall status. Finally, our results show for the first time that the
increase in falls observed in osteoarthritis patients is a key determinant of the higher fracture
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rate in this population: when we adjusted the multivariable survival model for osteoarthritis
predicting fracture for incident falls on or before fracture, the association became weaker
with an important reduction in the adjusted excess risk, and was no longer significant. These
findings suggest that the increase in fall rate in osteoarthritis patients explains most of the
observed increase in fractures in this population.

Interpretation

The association between osteoarthritis and fractures has been controversial, with some
authors suggesting a protective effect and increased BMD in osteoarthritis-affected subjects,
[6— 9] but others showing an increase in fractures among people with osteoarthritis. While
some studies have reported a joint-specific association, suggesting an increased risk of
fractures in hip osteoarthritis patients, but not for spine, knee, or hand osteoarthritis,[ll]
others have suggested that such an association also exists between knee osteoarthritis and
non-vertebral fractures.[14] In addition, some reports have described a time-varying
association, with an increased risk in the first years after the diagnosis of osteoarthritis,[17]
and a subsequent decline over time.[18]

The most widely accepted possible explanations for the increased risk of fracture in patients
with lower limb (hip or knee) osteoarthritis include: an increase in the rate of bone loss in
patients with radiographic osteoarthritis;[l3, 19, 20] and a higher number and/or severity of
falls in patients with either knee pain[13] or self-reported clinical diagnosis of osteoarthritis.
[14, 21] Our data are consistent with the second hypothesis and support the theory that
osteoarthritis symptoms such as joint pain and stiffness (recently defined as /i//ness
osteoarthritisfzz]) lead to increased body sway, [23] and a higher propensity to trip on an
obstacle,[24] which finally translate into higher rates of falls and fractures. An alternative or
additional cause for increased falls and fractures in this population is the existing association
between OA and vitamin D deficiency [1—3].

Our results have implications for the clinical management of patients with OA: they should
not only be assessed for fracture risk, but also strategies to reduce falls should be evaluated
and, if effective, implemented among these patients. Some interventions have been shown
effective to prevent falls in the elderly, and should be evaluated in OA patients, including Tai
Chi[29], multi-factorial interventions[so] and vitamin D supplementation[Sl].

Strengths and limitations

Our study has several limitations. One of the main potential limitations of this study is the
possibility of residual confounding: due to the observational nature of this data, we cannot
ensure causality in the observed associations between OA and falls and fractures. In
addition, the fact that all the information collected in GLOW was self-reported, including the
main exposure studied (physician diagnosis of osteoarthritis) and our primary (incident
fractures) and secondary (number of incident falls) outcomes, makes misclassification errors
(e.g. people reporting OA might actually suffer from other conditions associated with frailty
and increased risk of falls) and unobserved confounding more likely. However, previous
studies have shown information on self-reported physician diagnosis of osteoarthritis to be
valid. Rasooly et a/[28] showed that the sensitivity of self-reported osteoarthritis compared
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with a clinical diagnosis was close to 90%. Similarly, Barlow ez‘a/[32] demonstrated a
concordance of self-reported physician diagnosis of osteoarthritis of almost 90% when
matched with primary care medical records. Consistent with this, we have shown high
concordance of almost 80% between self-reported OA and GP records in a subsample of our
data. Regarding incident fractures, validity was reported within the EPOS study:[33] of
those who reported a “date” of fracture on the questionnaire (which all did in our GLOW
data), 91% of subjects were correct to within 1 month of the actual date of the fracture, and
only 9% false negatives were detected in women. This type of error in the assessment of
osteoarthritis is unlikely to be associated with incident fracture status, as the data on
osteoarthritis were collected prior to the incident fracture, and therefore would lead to an
underestimate of the effect of osteoarthritis on fractures.

Other limitations are the lack of information on the date of osteoarthritis diagnosis, joint
pain, and on joints affected, which does not allow us to explore the potential issues on time-
varying and joint-specific associations between osteoarthritis and fractures. We did not have
information on the date of falls either, which limits our ability to analyse whether falls
occurring in the same year as fractures did actually produce the fracture or not. Also, we do
not have data on use of analgesics that could explain at least part of the observed increase in
falls and fractures, such as non-steroidal anti-inflammatory drugs,[34] paracetamol,[35] or
opioids.[36] Despite these limitations, the GLOW population studied herein is part of an
international, community-based, cohort study and thus our results have high external
validity, and can be generalised to a wide range of postmenopausal women over 55 years of
age.

In the context of a population-based international prospective cohort, we found that
postmenopausal women with osteoarthritis have a 20% increase in the risk of fracture. In
addition, they experience 25% more falls than osteoarthritis-free peers. Our results suggest
that increased falls are critical in the causal pathway of the association between osteoarthritis
and fractures. These findings have clinical implications, as they suggest that interventions to
reduce falls might be useful in preventing fractures in patients with osteoarthritis.
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Figure 1.
Population flow-chart.
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Figure 2.
Kaplan-Meier curve predicting fracture by year 3, by baseline osteoarthritis status, with 95%

confidence intervals (women with all 4 years of survey data only; n=40 132). Log-rank test
for equality over strata yields p<0.0001. Red, osteoarthritis; blue, no osteoarthritis.
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Table 1

Baseline characteristics for the study population and by baseline osteoarthritis status

Total Non-OA OA p Value
population  participants participants
(n=51386) (n=30977) (n=20 409)
Age (years), mean (SD) 68.2 (8.6) 67.5(8.7) 69.1 (8.6) <0.0001
BMI (kg/m?), mean (SD) 26.9 (5.9) 26.6 (5.7) 27.4 (6.2) <0.0001
Current or past AOM, 13817 (28) 7427 (25) 6390 (32) <0.0001
excluding oestrogen, n (%)
Current or past oestrogen or 21 929 (43) 12 609 (41) 9320 (46) <0.0001
hormone replacement, n (%)
Region, n (%) <0.0001
Canada/Australia 6066 (12) 3851 (12) 2215 (11)
Europe 21390 (42) 10890 (35) 10500 (51)
USA 23931 (47) 16237 (52) 7694 (38)
Falls in past 12 months, n <0.0001
(%)
None 31881 (63) 20264 (66) 11617 (57)
One 11567 (23) 6781 (22) 4786 (24)
Two or more 7453 (15) 3609 (12) 3844 (19)
Comorbidities, n (%)
Asthma 5763 (11) 3015 (9.8) 2748 (14) <0.0001
Chronic bronchitis or 4254 (8.4) 2048 (6.7) 2206 (11) <0.0001
emphysema
Stroke 1926 (3.8) 1089 (3.5) 837 (4.2) <0.001
Ulcerative colitis or 964 (1.9) 483 (1.6) 481 (2.4) <0.0001
Crohn’s disease
Parkinson’s disease 258 (0.5) 119 (0.4) 139 (0.7) <0.0001
Multiple sclerosis 312 (0.6) 196 (0.6) 116 (0.6) 0.39
Cancer 7212 (14) 4252 (14) 2960 (15) 0.007
Diabetes 1764 (35) 1064 (3.5) 700 (3.5) 0.99
Prior fracture, n (%) 11903 (23) 6307 (20) 5596 (27) <0.0001
Risk factors for fracture, n
(%)
Current cortisone use 1342 (2.7) 558 (1.8) 784 (3.9) <0.0001
Secondary osteoporosis* 10031 (20) 5784 (19) 4247 (21) <0.0001
Alcohol >20 drinks/week 253 (0.5) 154 (0.5) 99 (0.5) 0.85

Ann Rheum Dis. Author manuscript; available in PMC 2016 May 31.

*
FRAX definition: use of anastrozole, exemestane, or letrozole; diagnosis of colitis, type | diabetes, or menopause before age 45 years.

AOM, antiosteoporosis medication; BMI, body mass index; OA, osteoarthritis; SD, standard deviation.

Page 13



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Prieto-Alhambra et al.

Table 2

Page 14

Fracture prevalence (at baseline) and cumulative incidence rates in years 1, 2, and 3 for the study population,
and for the osteoarthritis and non-osteoarthritis participants

Total population
(n=51 386)

Non-OA participants
(n=30 978)

OA participants (n=20
409)

Baseline survey, fracture prevalence 23.2 (22.8 10 23.5)
(95% CI)

Year 1, cumulative fracture incidence 3.5 (3.4 t0 3.7)
(95% CI)

Year 2, cumulative fracture incidence 6.6 (6.4 to 6.9)
(95% CI)

Year 3, cumulative fracture incidence  10.0 (9.7 to 10.3)
(95% CI)

20.4 (19.9 to 20.8)

3.1(2.9103.3)

5.8 (5.5 10 6.1)

8.7 (8.310 9.0)

27.4(26.8 10 28.0)

4.2 (3.9104.4)

7.9 (7,510 8.3)

12.1 (11.6 10 12.6)

Cl, confidence interval; OA, osteoarthritis.
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Page 16

Poisson regression for number of falls and Cox regression for time to first fracture in osteoarthritis versus non-
osteoarthritis participants

Unadjusted HR/RR

(95% CI; p Value)

Multivariable adjusted
HR/RR (95% CI; p Value)

HR/RR, further adjusted
for baselinefalls (95% ClI;

HR, further adjusted
for incident fallst (95%

p Value) Cl; p value)
Falls* 1.26 (1.241t0 1.28; 1.24 (1.22 t0 1.26; 1.14 (1.12 to 1.16; -
p<0.0001) p<0.0001) p<0.0001)
Overall fracture’ 140 (1.32t0 1.48; 1.21 (1.13 to 1.30; 1.16 (1.08 to 1.25; 1.06 (0.98 to 1.15;
p<0.0001) p<0.0001) p<0.0001) p=0.128)
Hip fracture” 1.46 (1.17 t0 1.81; 1.22 (0.94 to 1.59; 1.19 (0.91 to 1.55; p=0.206)  1.08 (0.79 to 1.48;
p<0.0001) p=0.131) p=0.636)
Clinical spine 1.80 (1.50 to 2.17; 1.27 (1.02 to 1.58; 1.23 (0.99 to 1.54; p=0.061)  1.23 (0.96 to 1.59;
fracture’ p<0.0001) p=0.032) p=0.104)
Wrist/forearm 1.38(1.22t0 1.57; 1.24 (1.07 to 1.44; 1.21 (1.04 to 1.40; p=0.014)  1.07 (0.91 to 1.26; p-
fracture” p<0.0001) p=0.004) 0.424)
Upper arm 1.38 (1.13t0 1.69; 1.21 (0.96 to 1.54; 1.17 (0.92 to 1.48; p=0.208)  1.00 (0.77 to 1.30;
fracture” p<0.0001) p=0.112) p=0.995)

Lower leg/ankle

1.34 (1.05to 1.70;
p=0.018)

1.00 (0.74 to 1.35;
p=0.994)

0.96 (0.71 to 1.30; p=0.790)

0.89 (0.63 to 1.25;
p=0.500)

*

Multivariable models for number of falls (Poisson regression) are adjusted for: age, body mass index, current or past hormone replacement
therapy, antiosteoporosis medication use, baseline oral corticosteroid use, region of origin (USA/Canada/Australia/Europe), asthma, chronic
obstructive pulmonary disease or emphysema, stroke, Parkinson’s disease, cancer, prior fracture, and smoking status.

7‘Multivariable models are adjusted for: age, body mass index, antiosteoporosis medication use, chronic obstructive pulmonary disease or
emphysema, Parkinson’s disease, fracture history, parental hip fracture history, baseline oral corticosteroid use, and secondary osteoporosis (as
defined by use of aromatase inhibitors, diagnosis of inflammatory bowel disease, type 1 diabetes, and menopause before age 45 years).

7

Model includes only those women with complete survey follow-up

Cl, confidence interval; HR, hazard ratio; RR, rate ratio.
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