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BACKGROUND: Although older adults are disproportionately affected by painful musculoskeletal conditions and
receive more opioid analgesics than persons in other age
groups, insufficient evidence is available regarding opioid
harms in this age group.
OBJECTIVE: To examine longitudinal relationships between opioid use and falls, clinical fractures, and changes
in physical performance. We hypothesized that opioid use
would be associated with greater risks of falling and incident clinical fractures and greater declines in physical
performance.
DESIGN: We analyzed data from the Osteoporotic Fractures in Men Study (MrOS), a large prospective longitudinal cohort study. Participants completed baseline visits
from 2000 to 2002 and were followed for 9.1 (SD 4.0)
years.
PARTICIPANTS: MrOS enrolled 5994 communitydwelling men ≥ 65 years of age. The present study included 2902 participants with back, hip, or knee pain most or
all of the time at baseline.
MAIN MEASURES: The exposure of interest was opioid
use, defined at each visit as participant-reported daily or
near-daily use of any opioid-containing analgesic. Among
patients, 309 (13.4 %) reported opioid use at one or more
visits. Participants were queried every 4 months about
falls and fractures. Physical performance scores were derived from tests of grip strength, chair stands, gait speed,
and dynamic balance.
KEY RESULTS: In the main analysis, the adjusted risk of
falling did not differ significantly between opioid use and
non-use groups (RR 1.10, 95 % CI 0.99, 1.24). Similarly,
adjusted rates of incident clinical fracture did not differ
between groups (HR 1.13, 95 % CI 0.94, 1.36). Physical
performance was worse at baseline for the opioid use
group, but annualized change in physical performance
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scores did not differ between groups (−0.022, 95 % CI
−0.138, 0.093).
CONCLUSIONS: Additional research is needed to determine whether opioid use is a marker of risk or a cause of
falls, fractures, and progressive impairment among older
adults with persistent pain.
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INTRODUCTION

Older adults are disproportionately affected by painful musculoskeletal conditions and also receive more opioid analgesics than persons in other age groups.1,2 Potential harms of
opioid therapy in this age group may differ from those affecting younger adults. Evidence suggests that some opioidrelated harms, including addiction, are more prevalent among
younger than older age groups.3,4 Other harms, especially falls
and fractures, may be more common and worrisome among
older adults.5
Falls are an important mechanism of serious trauma and the
most common cause of injury-related emergency visits among
older adults.6,7 Fracture is a serious potential consequence of
falling, which among older adults can lead to significant
morbidity, loss of independence, or death, especially in the
case of hip fracture.8,9 Most prior studies have found positive
associations between the use of opioid analgesics and fractures
in older adults,5,10–12 but evidence for an association between
opioid use and falls has been inconsistent.13,14 Importantly,
chronic musculoskeletal pain is also associated with declines
in physical function14–18 and increased risk of falling.19
We used data from the Osteoporotic Fractures in Men Study
(MrOS), a large prospective cohort study of communitydwelling older men, to examine longitudinal associations of
opioid analgesic use with fracture and fall outcomes among
older men with persistent musculoskeletal pain. We also
463
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examined the longitudinal association of opioid use with
changes in physical performance over time. We hypothesized
that participants who reported opioid use would have a greater
risk of falling and incident clinical fractures and would experience greater declines in physical performance compared with
those who reported no opioid use.

METHODS

MrOS enrolled 5994 men ≥ 65 years of age from six sites in
the United States. Participants completed baseline visits from
March 2000 to April 2002. MrOS study design, recruitment
methods, and cohort characteristics have been previously reported.20,21 The present study included 2902 MrOS participants who had persistent musculoskeletal pain at baseline
(Fig. 1); inclusion criteria for this analysis were 1)
participant-reported back, hip, or knee pain most or all of the
time at baseline, and 2) non-missing analgesic data at ≥ 1 visit.

Pain Measures
Pain was assessed by three questions focused on the back,
hips, and knees. The back question asked about the frequency
of pain within the past 12 months; participants who reported
pain most or all of the time were considered as having persistent pain. The hip and knee questions asked whether pain was
present “on most days for at least a month;” for both questions,
participants who answered yes were considered as having
persistent pain.
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Medication Exposure
Medication exposure and covariate data were collected from
participants at baseline and two follow-up visits, completed a
mean of 4.6 years (visit 2) and 6.9 years (visit 3) after the
baseline visit. Participants were asked to bring all current
medications to each visit. Interviewers recorded medication
names and frequency of use, but not dose, for each medication.
The active ingredients of medications were coded according to
the Iowa Drug Information Service (IDIS) Drug Vocabulary
(College of Pharmacy, University of Iowa, Iowa City, IA).22
The exposure of interest was opioid use, defined as
participant-reported daily or near-daily use of any opioid
analgesic (including tramadol) or opioid-containing combination analgesic product (e.g., hydrocodone-acetaminophen).
Opioid formulations indicated for reasons other than pain
(e.g., cough) were excluded. Participants who reported use
of non-opioid analgesics in addition to opioid analgesics or
opioid-containing combination analgesic were included in the
opioid use group. Opioid use was expressed in models as a
time-varying categorical variable.

Outcomes
Participants were sent questionnaires every 4 months to collect
self-reported fall and fracture event data; these contacts were >
99 % complete. The fall outcome was a repeated measure of
one or more falls reported during each 4-month period, which
therefore accounted for multiple falls within individuals over
time. The primary fracture outcome was any incident clinical

Fig. 1 Cohort definition flow chart. MrOS = Osteoporotic Fractures in Men Study; PS = propensity score.
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fracture, defined as non-vertebral fracture or clinically recognized vertebral fracture. Hip fracture was evaluated as a secondary fracture outcome. All fractures were centrally confirmed by x-ray or review of imaging reports). Incident clinical
vertebral fractures were those reported by participants and
confirmed by the study radiologist, who used the visual
semi-quantitative method to establish that the community
imaging study showed a new deformity of higher grade than
was present in the same vertebra on the baseline study film.
Physical performance was assessed at baseline and followup visits using tests of grip strength, chair stands, gait speed,
and dynamic balance. Each individual test was scored from 0
(unable to complete) to 5 (best) and converted to quintiles
based on score distributions. The four individual test scores
were summed to create an overall physical performance score
with a possible range of 0 to 20, where lower scores indicate
worse performance.23

Covariates
Age, body mass index (BMI; kg/m2), and total hip bone
mineral density (BMD; g/cm2) were assessed as continuous
variables. Categorical variables included self-reported
race/ethnicity (non-Hispanic white or non-white), smoking
status (current, former, never), current alcohol use (<1 drink/
week, 1–13 drinks/week, and ≥14 drinks/week), and selfreported health status (very poor/poor/fair or very
good/excellent). Chronic conditions were evaluated by selfreport and categorized (0, 1–2, or ≥3 conditions). Cognitive
function was assessed with the Modified Mini-Mental State
(3MS) examination24 (continuous) and Part B of the Trail
Making Test25 (quintiles), and mental health was assessed
with the Medical Outcomes Study 12-Item Short-Form Survey
(SF-12)26 mental component summary score (continuous).
The continuous Physical Activity Scale for the Elderly
(PASE) score was included as a measure of participation in
physical activity.27 Participants were categorized as robust,
intermediate, or frail using the Study of Osteoporotic Fractures
frailty index.28 Baseline values were included in models,
except where specified otherwise.

opioids) for a given visit were excluded from the analytic
cohort at that visit. They were not excluded from the overall
cohort, and contributed data to other visits. In this PSrestricted cohort, covariates other than smoking and back pain
were well-balanced between the opioid use and non-use
groups within all quintiles at each visit. For all outcomes, the
primary analysis is the adjusted model in the PS-restricted
cohort. Unadjusted and adjusted models using the unrestricted
cohort are also reported.

Statistical Analysis
We included time-varying PS quintile, baseline smoking status, and time-varying back pain in all adjusted models. Participants were excluded from analyses at a given visit if they
were missing information on opioid use at that visit. To model
longitudinal associations of opioid use with repeated measures
of falling over time, we used generalized estimating equations
(GEE) with a binomial distribution, log link function, and an
auto-regressive correlation structure. Similarly, to model longitudinal associations of opioid use with physical performance
over time, we used GEE with a normal distribution, identity
link function, and an auto-regressive correlation structure. To
model associations between opioid use and incident fracture
outcomes, we used Cox proportional survival analyses. In
primary models for all outcomes, any change in opioid use
status between visits was assumed to occur at the midpoint
between visits, and all outcomes occurring during the followup time period were included. We used separate models to
conduct sensitivity analyses in which a) any change in opioid
use status was assumed to occur at the time of the visit at
which the change was reported, and b) outcomes were limited
to the 12 months following each visit.
We conducted secondary analyses to examine potential
effects of the competing risk of mortality.32 Based on findings
from prior studies,5,33 we expected any alteration in risk for
death and for fracture to be in the same direction (i.e., increased with opioid use). Cox proportional hazards models
were constructed, as for the main analyses, to examine three
separate outcomes: death, death or clinical fracture composite,
and death or hip fracture composite.

Propensity Scores
We used a propensity score (PS) approach to adjust for
between-group differences in covariates while minimizing
the dimensionality of the models. The PS, representing the
conditional probability of receiving opioids at a given visit,
was estimated for each visit using logistic regression models
that included covariates described above. Participants were
then sub-classified by quintiles of propensity score, and covariates were compared between opioid use and non-use
groups within each quintile to determine the adequacy of the
model in balancing measured confounders.29,30 To achieve
adequate balance of covariates between participants with and
without opioid use in the lowest PS quintiles,31 men with PS <
0.03 (meaning < 3 % conditional probability of receiving

RESULTS

The cohort for this study included 2902 men with persistent
pain at baseline and non-missing analgesic data for at least one
visit; of these, 390 (13.4 %) reported opioid use at one or more
visits. Opioid use increased over time from 4.7 % at visit 1 to
7.2 % at visit 2 and 10.5 % at visit 3. Changes in patterns of
opioid use were observed between visit 1 and visit 3 (average
interval between visits 6.9 years); most notably in the proportion of participants with opioid use who reported using
hydrocodone (10.6 % at baseline to 35.3 % at visit 3), oxycodone (4.5 % to 13.0 %), or propoxyphene (23.9 % to 12.3 %).
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Table 1 shows the baseline characteristics of participants
with and without opioid use at that visit. The two groups
differed on numerous characteristics; for example, participants
with opioid use were less likely to be a never-smoker (26.4 vs.
34.5 %), more likely to be frail (34.9 vs. 10.6 %), and more
likely to have back pain (61.2 vs. 27.6 %) and hip pain (59.7
vs. 49.0 %).

Falls
Over 9.1 (SD 4.0) years of follow-up, 2413 (83.1 %) participants reported at least one fall, and 479 (16.5 %) experienced
at least one clinical fracture, including 96 (3.3 %) with a hip
fracture. The unadjusted relative risk (RR) of falling was
higher for the opioid use group than the non-use group
(1.37, 95 % CI 1.23, 1.54; see Table 2). In the unrestricted cohort, including all participants regardless of
PS, the adjusted risk of falling was attenuated but
remained significantly higher among participants with
opioid use (RR 1.14, 95 % CI 1.02, 1.28). In the PSrestricted cohort, the adjusted risk of falling was not statistically different between groups (RR 1.10, 95 % CI 0.99, 1.24).
Results of sensitivity analyses did not differ substantially from
those of the primary analysis.

Table 1 Characteristics at Visit 1 by Opioid Use at Visit 1 (n = 2732)
Variable

Opioid use
(n = 129)

No opioid use
(n = 2603)

Age, mean years (SD)
BMI, mean (SD)
White race, n (%)
Smoking status, n (%)
Never
Former
Current
Total hip BMD, mean (SD)
Health status very good/excellent,
n (%)
SF-12 mental component score,
mean (SD)
Alcohol use, n (%)
Minimal (<1 drink/week)
Light (1–14 drinks/week)
Heavy (≥14 drinks/week)
Number of comorbidities, n (%)
None
1–2
≥3
PASE activity score, mean (SD)
SOF frailty status, n (%)
Robust
Intermediate
Frail
3MS score, mean (SD)
Trails B score mean (SD)
Back pain, %
Hip pain, %
Knee pain, %

74.7 (6.4)
28.8 (4.5)
115 (89.2)

73.7 (5.9)
28.0 (4.0)
2392 (91.9)

34 (26.4)
91 (70.5)
4 (3.1)
0.93 (0.18)
67 (51.9)

897 (34.5)
1620 (62.2)
86 (3.3)
0.97 (0.14)
2109 (81.0)

52.3 (9.8)

55.6 (7.5)

74 (57.4)
45 (34.9)
10 (7.8)

955 (36.7)
1340 (51.5)
308 (11.8)

9 (7.0)
99 (76.7)
21 (16.3)
114.4 (71.2)

579 (22.2)
1818 (69.8)
206 (7.9)
146.4 (68.8)

19 (14.7)
65 (50.4)
45 (34.9)
91.8 (5.6)
154.1 (62.4)
79 (61.2)
77 (59.7)
84 (65.1)

1095 (42.1)
1232 (47.3)
276 (10.6)
93.1 (5.4)
138.3 (60.9)
718 (27.6)
1275 (49.0)
1743 (67.0)

3MS = Modified Mini-Mental Status; BMD = bone mineral density;
BMI = body mass index; PASE = Physical Activity Scale for the Elderly;
SF-12 = Medical Outcomes Study 12-Item Short-Form Survey; SOF =
Study of Osteoporotic Fractures

Table 2 Relative Risk (RR) of Falls Among Participants with Opioid
Use vs. Non-Use

Unadjusted model in unrestricted cohort
Adjusted model in unrestricted cohort
Adjusted model in PS-restricted cohort

RR (95 % CI)

p value

1.37 (1.23–1.54)
1.14 (1.02–1.28)
1.10 (0.99–1.24)

<0.001
0.018
0.083

Note: The unrestricted cohort includes participants with all PS (n = 2902).
The PS-restricted cohort is restricted at each visit to participants with a
propensity score (PS) ≥0.03 at that visit (n = 2423). Adjusted models
include time-varying PS quintile, baseline smoking status, and timevarying back pain

Fractures
Fracture results are shown in Table 3. For the primary fracture
outcome of any incident clinical fracture, participants with and
without opioid use had similar rates of incident clinical fracture in all models (adjusted model in PS-restricted cohort: HR
1.13, 95 % CI 0.94, 1.36). For the secondary outcome
of hip fracture, the unadjusted fracture rate was approximately twice as high in the opioid use group (HR 2.14,
95 % CI 1.36, 3.38) as in the non-use group. In the
adjusted unrestricted-cohort model, the magnitude of the
difference between groups was somewhat attenuated
(HR 1.74, 95 % CI 1.06, 2.87), but still statistically
significant. In the adjusted PS-restricted cohort analysis, the
difference between groups was no longer statistically significantly (HR 1.64, 95 % CI 0.97, 2.79). Results of sensitivity
analyses for both fracture outcomes did not differ substantially
from those of the primary analyses.

Physical Performance
At baseline, the unadjusted mean physical performance score
was 10.4 in the opioid group and 11.6 in the non-use group.
This difference between groups was significant in the adjusted
PS-restricted model, with the opioid group 0.5 points

Table 3 Hazard Ratio (HR) for Incident Fracture Among Participants with Opioid Use vs. Non-Use

Any clinical fracture
Unadjusted model in unrestricted
cohort
Adjusted model in unrestricted
cohort
Adjusted model in PS-restricted
cohort
Hip fracture
Unadjusted model in unrestricted
cohort
Adjusted model in unrestricted
cohort
Adjusted model in PS-restricted
cohort

HR (95 % CI)

p value

1.09 (0.92–1.28)

0.315

1.10 (0.93–1.30)

0.255

1.13 (0.94-1.36)

0.209

2.14 (1.36–3.38)

0.001

1.74 (1.06–2.87)

0.030

1.64 (0.97–2.79)

0.065

Note: The unrestricted cohort includes participants with all PS (n = 2902).
The PS-restricted cohort is restricted at each visit to participants with a
propensity score (PS) ≥0.03 at that visit (n = 2423). Adjusted models
include time-varying PS quintile, baseline smoking status, and timevarying back pain
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(95 % CI 0.20, 1.16) worse than the non-use group at
baseline. Table 4 shows results for change in physical
performance over time. Both groups experienced declines in physical performance over time, but we found
no significant between-group difference in the annualized
change in physical performance scores (adjusted mean betweengroup difference in PS-restricted cohort = −0.022, 95 % CI
−0.138, 0.093).

Secondary Analyses
Five hundred twenty-eight (18.2 %) participants died during
study follow-up. In analyses to examine potential effects of the
competing risk of mortality, we found no statistically significant excess hazard associated with opioid use for death (adjusted model in PS-restricted cohort: HR 1.22, 95 % CI 0.94,
1.58), clinical fracture/death composite outcome (HR 1.14, 95
% CI 0.88, 1.48), or hip fracture/death composite outcome
(HR 1.22, 95 % CI 0.94, 1.58).

DISCUSSION

In this cohort of older men with persistent musculoskeletal
pain, we found that initial between-group differences in falls
and fractures were attenuated and not statistically significant after adjustment for likely confounders and exclusion from analysis of participants with an extremely low
likelihood of being treated with opioids. We also found
that participants who reported opioid use had worse
physical performance at baseline, but did not differ from
those without opioid use in the rate of decline in physical performance over time.
A major advantage of our analysis of MrOS data is the
detailed prospectively collected information about functional
status and other important potential confounders. Confounding by indication and unmeasured patient characteristics is particularly relevant for research on the benefits and harms of opioids. Chronic pain is itself associated with fall and fracture risk factors, such as physical deconditioning and mobility impairment,15–19,34 and
with increased falling.19,35 Even among patients with
chronic pain, opioid users systematically differ from
non-users; in general, they are more functionally

impaired and psychosocially distressed, more likely to
smoke, and less likely to be physically active.36–38 Most
prior studies of opioid-related harms have used data
from administrative sources, which often have highquality prescription dispensing and health care utilization data but lack important information about chronic
pain, functional impairment, and psychological distress.
As a result, these studies likely overestimate the associations of opioid use with adverse clinical outcomes.
We found no significant association between opioid use and
our primary fracture outcome in any model; however,
for both fall and hip fracture outcomes, we found significant associations present in unadjusted models, attenuated but still statistically significant in adjusted
unrestricted-cohort models, and not significant in the
PS-restricted analysis after exclusion of participants at
the extreme low end of the propensity score distribution.
For the fall outcome in particular, this pattern demonstrates an advantage of propensity score analysis. In
practice, some patients have contraindications that make
them extremely unlikely to receive opioid therapy,
resulting in non-overlapping exposure groups and residual confounding despite adjustment. Propensity score
methods allow recognition and management of this potential source of residual confounding.39 In the case of
the secondary hip fracture analyses, given the relatively small
number of incident hip fracture cases, an alternate or additional reason for this pattern may be that cohort restriction led to
lower power to detect an association.
MrOS included rigorous prospective ascertainment of falls,
which is important because most falls do not result in clinical
encounters and are absent from administrative records.
Falling was common in this study population and was
not significantly associated with opioid use in the primary analysis. Our findings are consistent with those of
a meta-analysis of medication use and falling in adults
over the age of 60.13
Opioids are thought to increase the risk of fracture either by
increasing the likelihood of falling or by increasing the risk of
fracture when falling occurs, most likely through adverse
central nervous system (CNS) effects such as sedation, dizziness, or impaired reaction time. Because tolerance may develop to some of these CNS effects, the risk may be highest

Table 4 Association of Opioid Use with Change in Physical Performance Score (PPS)
Mean annualized change in PPS
(95 % CI)

Unadjusted model in unrestricted cohort
Adjusted model in unrestricted cohort
Adjusted model in PS-restricted cohort

Opioid use

No opioid use

−0.350 (−0.483, −0.217)
−0.355 (−0.481, −0.229)
−0.272 (−0.423, −0.122)

−0.398 (−0.422, −0.375)
−0.388 (−0.411, −0.365)
−0.250 (−0.285, −0.215)

Difference between
groups (95 % CI)

0.048 (−0.062, 0.158)
0.033 (−0.070, 0.135)
−0.022 (−0.138, 0.093)

p value†

0.389
0.535
0.706

Note: The unrestricted cohort includes participants with all PS and non-missing performance scores (n = 2856). The PS-restricted cohort is restricted at
each visit to participants with a propensity score (PS) ≥0.03 at that visit (n = 2417). Adjusted models include time-varying PS quintile, baseline smoking
status, and time-varying back pain. †p value for treatment by time interaction
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shortly after initiation of therapy. Our finding of no significant
association between opioid use and clinical fracture contrasts
with findings of most prior studies, including a meta-analysis
that reported a pooled RR of 1.38 (1.15, 1.66) for the association of opioids with fracture.12
Prior studies that examined risk immediately after new
opioid initiation have generally found stronger associations
with fracture than those that examined opioid use of longer or
unspecified duration. For example, a study of older adults that
used data from Medicare and state pharmacy benefit programs
found that patients with new opioid prescriptions had a
fivefold higher risk of hip or upper extremity fracture
than those with new NSAID prescriptions.10 Fracture
incidence was highest in the initial 2 weeks of opioid
therapy. Similarly, a recent registry-based study evaluating fracture and other fall-related injuries in Swedish
adults found the strongest association in the first week
after initiating opioid therapy (OR = 5.14), with risk
decreasing in each 7-day period thereafter (OR = 1.23
in the fourth week).14 Interestingly, this relationship was
strongest in the youngest age group (18–29 years),
which could suggest confounding by high-risk behavior.
MrOS did not collect information about the timing of medication initiation, but most medication use in the study was likely
prevalent use; thus we cannot assess potential associations
between opioids and fractures in the initial weeks or months
of opioid therapy.
The major limitation of this study is that our exposure data
were limited to repeated cross-sectional assessments of current
medication use. Because we did not have data on duration and
dose, we were not able to evaluate gradations of risk associated with duration or dose of opioid therapy. As discussed
above, our findings likely apply to ongoing opioid use rather
than recent onset of use. Furthermore, given that the
most commonly reported opioids in this study were
“weak” opioids and dose-limited combination products,
our findings likely apply to relatively low-dose opioid
use. This study has several other limitations. Treatment
was not randomized, so we cannot rule out bias due to
unmeasured confounding. We observed a relatively small
number of fractures, and may not have had adequate
power to detect clinically important group differences
for the secondary outcome of hip fracture. Given this
possibly insufficient power and the observed wide confidence intervals in adjusted models, a clinically meaningful effect of opioid use on hip fractures is not excluded. Finally, this study was conducted in a cohort of
community-dwelling older men, so conclusions may not
be generalizable to women, younger adults, or other
patient populations.
In summary, we found no significant association of opioid
use with falls or incident clinical fractures among older
men with persistent musculoskeletal pain. Participants
with opioid use had significantly more impaired physical
performance, but did not have a greater rate of

performance decline. Our findings suggest that additional research is needed to determine whether opioid use is
a marker of risk or a cause of risk for falls, fractures,
and progressive physical impairment.
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