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BACKGROUND: Despite increasing numbers of older
adults undergoing surgery and the known risks of opi-
oids, little is known about the potential association be-
tween opioid prescribing and serious falls and fall-related
injuries after surgery.
OBJECTIVE: To determine the incidence and risk factors
of serious falls and fall-related injuries after elective, out-
patient surgery.
DESIGN: Retrospective cohort study of 20% national
sample ofMedicare claims among beneficiaries≥ 65 years
of age with Medicare Part D claims and who underwent
elective outpatient surgery from January 1, 2009,
through December 31, 2014.
PARTICIPANTS:Opioid-naïve patients≥ 65 years under-
going elective, minor, outpatient surgical procedures. The
exposure was opioid prescription fills in the perioperative
period (i.e., 30 days before up until 3 days after surgery)
converted to total oral morphine equivalents (OME) over a
period 30 days prior to and 30 days after surgery.
MAIN MEASURES: Serious falls and fall-related injuries
within 30 days after surgery, examined through Poisson
regression analysis with reported fall and fall-related in-
jury rates adjusted for potential confounders.
KEY RESULTS: Among 44,247 opioid-naïve surgical pa-
tients, 76.3% filled an opioid prescription in the perioper-
ative period. Overall, 0.62% of patients suffered a serious
fall or fall-related injury within 30 days after surgery. Risk
factors for serious falls or fall-related injuries after surgery
included older age (80–84 years: RR 1.64, 95% CI 1.12–
2.40; 85 years and older: RR 1.81, 95% CI 1.25–2.86),
female sex (RR 3.04, 95% CI 2.29–4.05), Medicaid eligibil-
ity (RR 1.63, 95% CI 1.17–2.26), and higher amounts of
opioids filled following surgery (≥ 225OME: RR 2.29, 95%
CI 1.72–3.07).
CONCLUSIONS: Serious falls after elective, outpatient
surgery are uncommon, but correlated with age, sex,
Medicaid eligibility, and the amount of opioids filled in
the perioperative period. Judicious prescribing of opioids

after surgery is paramount and is an opportunity to im-
prove the safety of surgical care among older individuals.
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INTRODUCTION

Each year in the USA, more than 25% of adults aged 65 years
and older will suffer a fall.1, 2 Falls not only result in morbidity
and mortality, but also have significant adverse effects on an
individual’s independence and quality of life.2, 3 The high
incidence and need for long-term care for older patients who
suffer falls lead to substantial healthcare costs. For example, in
2015, medical costs due to older adult falls totaled about $50
billion dollars, and is expected to increase as the population
continues to age.4

In addition to longevity, population aging is also associated
with a greater prevalence of acute and chronic disease requir-
ing treatment. Although the association of medications with
falls among older individuals has been described, much less is
known regarding the association of falls and aspects of surgi-
cal care.2, 4 Currently, more than half of all patients undergo-
ing surgery are 65 years or older.5 Aging results in physiologic
decline in all organ systems,6 which affects not only the
metabolism of anesthetic medications7 but also those medica-
tions given after surgery such as opioids.8 It is well-established
that opioids among older adults can lead to detrimental events
such as long bone fractures, cognitive decline, respiratory
complications, andmortality among patients on chronic opioid
therapy.9–14 However, little is known about the risks of opi-
oids on postoperative falls and fall-related injuries among
older adults who are opioid naïve.
Identifying the risks of opioids on older adult falls and fall-

related injuries after surgery can provide opportunities to
improve the safety of surgical care. In a cohort of Medicare
beneficiaries aged ≥ 65 years old undergoing elective,
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outpatient surgery, we compared postoperative risk of serious
falls by opioid dose. We hypothesized that higher doses of
opioids prescribed after surgery would be associated with an
increased risk of falls and fall-related injuries within 30 days
after surgery.

METHODS

Data Sources and Study Population

We identified patients from a 20% national sample of Medicare
beneficiaries ≥ 65 years who underwent a surgical procedure
between January 1, 2009, and December 31, 2014.We used the
Medicare Provider Analysis and Review (MEDPAR), Carrier
Claims, Outpatient Claims, and Part D event claim files. This
study was deemed exempt by the Human Research Protection
Office at the University of Michigan.
We included patients undergoing one of the following

elective, outpatient surgical procedures: varicose vein remov-
al, hemorrhoidectomy, laparoscopic cholecystectomy, trans-
urethral prostate surgery, thyroidectomy, parathyroidectomy,
carpal tunnel release, umbilical hernia repair, and inguinal
hernia repair. Procedures were identified using Current Proce-
dural Terminology Fourth Edition (CPT-4) (Appendix
Table 1). To examine outpatient surgery, we only included
patients undergoing procedures who were immediately
discharged after their procedure or had a 23-h observation
admission. If a patient had multiple eligible surgeries, we only
included the first surgical and postoperative period.
Opioid initiation was defined as having a pharmacy dispens-

ing claim for any opioid during the exposure window, without
any opioid claims during the preceding washout period. The
exposure window was defined as the perioperative period from
30 days prior to until 3 days after surgery; patients frequently fill
opioid prescriptions prior to surgery to have immediate access to
the medication after surgery. The washout period—during
which the absence of any opioid prescription was
required—was defined as the 365 days to 31 days prior to the
exposure window. Therefore, any patient who filled one or more
opioid prescriptions within 12months to 31 days prior to surgery
was excluded. To address death or potential censoring events,
we applied the inclusion criteria of continuous enrollment in
Medicare Parts A, B, and D 12months prior to and 30 days after
their surgical date. Therefore, if a patient passed away during the
30 days after surgery, they were excluded from analysis.

Outcome Assessment

The primary outcome was a serious fall or fall-related injury
within 30 days after the surgery date. Using an algorithm
commonly described in the literature, we identified a serious
fall injury by ICD-9 codes in claims data combined from
inpatient and emergency encounters.15–18 Fall-related injuries
were also identified according to previously published
methods.19

Opioid Medication Exposure

The exposure of interest was filling an opioid prescription in
the perioperative period, which was defined as 30 days prior to
and 3 days after the surgical date. If a patient filled an opioid
prescription in the perioperative period, then the total amount
of opioids filled between 30 days prior to and 30 days after
surgery was calculated and converted to oral morphine equiv-
alent (OME) units.20 We categorized the total OME over this
timeframe (30 days before to 30 days after) as < 150, 150–225,
or ≥ 225 units. Study design is outlined in Figure 1.

Covariates

Baseline covariates included patient age (categorized as 65–
69, 70–74, 75–79, 80–84, ≥ 85 years old), sex, race/ethnicity,
geographic region of residence based on United States Depart-
ment of Agriculture (USDA) Economic Research Service
Rural-Urban ContinuumCodes (metropolitan versus non-met-
ropolitan),21 andMedicaid eligibility. Medicaid eligibility was
defined using the State Reported Dual Eligible Status Code.
Additionally, we classified the Charlson Comorbidity Index
into different groups (i.e., none = 0, mild = 1–2, moderate = 3–
4, severe ≥ 5).22 ICD-9-CMdiagnosis codes 305.1 and V15.82
were used to identify previous or current tobacco use. Mental
health diagnoses included mood disorders, suicidality or self-
harm, personality disorders, schizophrenia and other psychotic
disorders, substance use disorders (i.e., alcohol and other
substance-related disorders), and other mental health disorders
(Appendix Table 2).23 Pain disorders defined as those from
arthritis, back, neck, or other pain were identified. Healthcare
utilization variables included hospitalization and any skilled
nursing facility stay within 12 months prior to the patient’s
surgical date. Co-prescription with a sedative, hypnotic, or
anxiolytic (Appendix Table 3) was identified during the ex-
posure window (30 days prior to up until 3 days after surgery).
Frailty index was calculated24 and categorized25 as previously
published.

Statistical Analyses

Descriptive statistics were used to describe the demographic
and clinical characteristics of the cohort. We estimated the
association between total OME units and serious falls and fall-
related injuries using multivariate Poisson regression and ac-
counting for clustering within surgeons, resulting in adjusted
risk ratios (RR) and 95% confidence intervals (CI). The
Poisson distribution was appropriate, and there was no evi-
dence of overdispersion based on the evaluation of deviance or
Pearson chi-square statistics.26 Goodness-of-fit chi-square test
was performed to evaluate the model fit. We then conducted a
sensitivity analysis, based on VanderWeele’s method to esti-
mate potential issues with unmeasured confounders and to
assess the robustness of our estimated associations.27 We
estimated the minimum strength of association on the risk
ratio scale that an unmeasured confounder would need to have
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with both opioid medication exposure and serious falls to fully
explain away the estimated association. Analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary, NC)
and Stata version 15.1 (StataCorp, College Station, TX), and
statistical significance was defined as p < 0.05.

RESULTS

We identified 44,247 patients who underwent an elective,
outpatient procedure between January 1, 2009, and December
31, 2014, and were opioid-naïve during the washout period as
previously defined. We summarize demographic and clinical
variables in Table 1. The two most common age groups were
70–74 years old (29.2%) and 65–69 years old (26.8%). Most
patients in our cohort were male (58.9%). Additionally, ma-
jority of patients were White (89.1%) and resided in an urban
setting (70.5%). Overall, pain disorders were relatively com-
mon; for example, about two-thirds of patients had a diagnosis
for arthritis (62.5%) whilemore than a quarter of patients had a
diagnosis of back pain (29.5%).
Among a cohort of opioid naïve patients undergoing sur-

gery, 76.3% filled an opioid prescription in the perioperative
period. Additionally, 4.8% of surgical patients also had a
concurrent fill for a sedative, hypnotic, or anxiolytic in the
perioperative period.
The distributions of total OME over 30 days after surgery

were as follows: 38.3% filled < 150 OME, 26.8% filled 150–
225 OME, and 34.9% filled ≥ 225 OME (Table 1). Distribu-
tions of age (p < 0.001), gender (p < 0.001), race (p < 0.001),
type of geographic residence (i.e., rural versus urban)
(p < 0.001), location (p < 0.001), comorbidities (p = 0.026),
and Medicaid eligibility (p < 0.001) differed significantly
across the levels of opioid exposure in the perioperative peri-
od. Additionally, there were differences in prior hospitaliza-
tion (p < 0.001) and stay in skilled nursing facility (p < 0.001)
in the previous year, history of tobacco use (p < 0.001), year of
surgery (p < 0.001), mental health disorders such as anxiety
(p = 0.033) and alcohol or substance abuse disorders (p =
0.019), and arthritis (p < 0.001) and neck pain disorders
(p < 0.001) between the groups. Concurrent fill of sedatives,

hypnotics, and anxiolytics and opioid analgesics was highest
among patients at the highest level of opioid exposure (≥ 225
OME) compared with the other levels of opioid exposure
(p < 0.001). Distribution of frailty differed between the three
groups of opioid exposure (p < 0.001).

Amounts of Opioids Filled and Incidence of
Serious Falls or Fall-Related Injuries After
Surgery

Across all surgical patients, 0.62% (273 out of 44,247) suf-
fered a serious fall or fall-related injury within 30 days after
surgery. Moreover, the incidence of serious falls and fall-
related injuries increased with higher total amounts of opioids
(OME) prescribed over 30 days after surgery. For example, the
incidence of falls and fall-related injuries among patients who
were prescribed ≥ 225 OMEwas 0.91%, 150–225 was 0.48%,
and < 150 was 0.45% (Table 2).

Higher Total Opioid Prescriptions
Independently Associated with Serious Falls
and Fall-Related Injuries After Surgery

Higher total OME over 30 days before through 30 days after
surgery were strongly associated with increased risks of seri-
ous falls after surgery (Fig. 2). After controlling for clinical
covariates, patients who filled ≥ 225 OMEs after surgery were
over twice as likely to fall after surgery compared with the
group who filled < 150 OME (≥ 225 OME: RR 2.29, 95% CI
1.72–3.07).

Other Factors Contributing to Falls After Surgery

After controlling for demographic and clinical covariates in
multivariable analysis, older age was associated with serious
falls after surgery (80–84 years: RR 1.64, 95% CI 1.12–2.40;
85 years and older: RR 1.89, 95% CI 1.25–2.86). Females
were also more likely to fall than men after surgery (RR 3.04,
95% CI 2.29–4.05). Additionally, patients who were eligible
for Medicaid were more likely to suffer a fall or fall-related
injury (RR 1.63, 95% CI 1.17–2.26). There were no other
covariates that were associated with a risk of serious falls or

*Any pa�ent who suffered a fall before they received an opioid prescrip�on was excluded from analysis.

Figure 1 Study design schematic. Washout period to identify comorbidities and previous fills of opioids occurred 365 days to 31 days prior to
surgery. Exposure to opioids in the perioperative period was defined as 30 days prior to until 3 days after surgery. Follow-up was evaluated
30 days after surgery. An asterisk indicates that any patient who suffered a fall before they received an opioid prescription was excluded from

analysis.

Santosa et al.: Risk of Opioids on FallsJGIM 2919



Table 1 Demographic and clinical variables of cohort (N = 44,247)

Characteristics Overall Total OME from 30 days prior to 30 days after surgery

< 150 150–225 ≥ 225 p value

N % N % N % N %

Age, years < 0.001
65–69 11,857 26.8 3974 23.5 3110 26.3 4773 30.9
70–74 12,923 29.2 4738 28.0 3399 28.7 4786 31.0
75–79 9414 21.3 3690 21.8 2558 21.6 3166 20.5
80–84 6209 14.0 2695 15.9 1726 14.6 1788 11.6
≥ 85 3844 8.7 1846 10.9 1055 8.9 943 6.1

Gender < 0.001
Male 26,071 58.9 9231 54.5 7123 60.1 9717 62.9
Female 18,176 41.1 7712 45.5 4725 39.9 5739 37.1

Race < 0.001
White 39,430 89.1 15,130 89.3 10,609 89.5 13,691 88.6
Black 1514 3.4 529 3.1 358 3.0 627 4.1
Hispanic 1818 4.1 728 4.3 457 3.9 633 4.1
Other 1293 2.9 499 3.0 370 3.1 424 2.7
Missing 192 0.4 57 0.3 54 0.5 81 0.5

Resided in metropolitan county < 0.001
Yes 31,174 70.5 12,009 70.9 8143 68.7 11,022 71.3
No 13,008 29.4 4910 29.0 3687 31.1 4411 28.5
Missing 65 0.2 24 0.1 18 0.2 23 0.2

Division < 0.001
East North Central 4965 11.2 1899 11.2 1302 11.0 1764 11.4
East South Central 2039 4.6 756 4.5 527 4.5 756 4.9
Middle Atlantic 3459 7.8 1286 7.6 843 7.1 1330 8.6
Mountain 3898 8.8 1432 8.5 1113 9.4 1353 8.8
New England 6828 15.4 2728 16.1 1856 15.7 2244 14.5
Pacific 2181 4.9 745 4.4 663 5.6 773 5.0
South Atlantic 7116 16.1 2716 16.0 1711 14.4 2689 17.4
West North Central 3507 7.9 1332 7.9 788 6.7 1387 9.0
West South Central 4304 9.7 1602 9.5 1261 10.6 1441 9.3
Unknown 5950 13.5 2447 14.4 1784 15.1 1719 11.1

Charlson Comorbidity Index 0.026
None (CCI 0) 16,062 36.3 6118 36.1 4332 36.6 5612 36.3
Mild (CCI 1, 2) 17,421 39.4 6563 38.7 4723 39.9 6135 39.7
Moderate (CCI 3, 4) 7098 16.0 2780 16.4 1834 15.5 2484 16.1
Severe (CCI ≥ 5) 3666 8.3 1482 8.8 959 8.1 1225 7.9

Medicaid eligibility 5479 12.4 1954 11.5 1395 11.8 2130 13.8 < 0.001
Any hospitalization in previous year 4562 10.3 1865 11.0 1190 10.0 1507 9.8 < 0.001
Skilled nursing facility stay in previous year 561 1.3 285 1.7 128 1.1 148 1.0 < 0.001
History of tobacco use 3471 7.8 1230 7.3 916 7.7 1325 8.6 < 0.001
Year of surgery < 0.001
2009 6568 14.8 2585 15.3 1576 13.3 2407 15.6
2010 6676 15.1 2470 14.6 1666 14.1 2540 16.4
2011 6753 15.3 2611 15.4 1931 16.3 2211 14.3
2012 7200 16.3 2774 16.4 2022 17.1 2404 15.6
2013 7712 17.4 2995 17.7 2083 17.6 2634 17.0
2014 9338 21.1 3508 20.7 2570 21.7 3260 21.1

Mental health disorders
Adjustment 477 1.1 192 1.1 133 1.1 152 1.0 0.368
Anxiety 3133 7.1 1200 7.1 784 6.6 1149 7.4 0.033
Mood 3650 8.3 1417 8.4 918 7.8 1315 8.5 0.061
Suicide or self-harm 34 0.1 18 0.1 7 0.1 9 0.1 0.213
Disruptive 97 0.2 29 0.2 23 0.2 45 0.3 0.055
Personality 41 0.1 20 0.1 8 0.1 13 0.1 0.348
Psychosis 505 1.1 186 1.1 132 1.1 187 1.2 0.605
Other mental health disorders 871 2.0 318 1.9 238 2.0 315 2.0 0.542

Alcohol or substance abuse disorders 280 0.6 92 0.5 68 0.6 120 0.8 0.019
Pain disorders
Arthritis 27,673 62.5 11,057 65.3 7266 61.3 9350 60.5 < 0.001
Back 11,411 25.8 4466 26.4 3005 25.4 3940 25.5 0.095
Neck 5418 12.2 2198 13.0 1412 11.9 1808 11.7 0.001
Other pain 13,182 29.8 5168 30.5 3521 29.7 4493 29.1 0.019

SHA and opioid filled concurrently
during perioperative period

2129 4.8 396 2.3 667 5.6 1066 6.9 < 0.001

Frailty index < 0.001
Non-frail (FI ≤ 0.1) 5997 13.6 2175 12.8 1665 14.1 2157 14.0
Pre-frail (0.1 < FI ≤ 0.2) 33,819 76.4 12,876 76.0 9062 76.5 11,881 76.9
Mildly to severely frail (FI > 0.2) 4431 10.0 1892 11.2 1121 9.5 1418 9.2

OME, oral morphine equivalent; SHA, sedative, hypnotic, or anxiolytic

Santosa et al.: Risk of Opioids on Falls JGIM2920



fall-related injuries after surgery in our multivariable analysis
(Table 3).

Sensitivity Analysis

We assessed the robustness of the estimated incidence rate
ratio of exposure to opioids (≥ 225 OMEs, IRR = 2.29; 95%
CI 1.72–3.07) by calculating the minimum strength of associ-
ation that unmeasured confounders would need to have with
both opioid medication exposure and having a serious fall or a
fall-related injury to explain away the association. The unmea-
sured confounders would need to be at least 4.01-fold of the
risk ratio, a relatively strong confounding association to ex-
plain away the relative risk of 2.29. Even the lower bound of
the 95% confidence interval, 1.72, would require unmeasured
confounders to have a relative risk of 2.83, a reasonably high
confounding association, tomove the lower bound to include a
risk ratio of 1, to demonstrate no statistical significance from
the reference group. Given the results of our sensitivity anal-
ysis, we conclude that the estimates of association presented
here between opioid exposure and serious falls or fall-related
injuries are robust.

DISCUSSION

For the first time in US history, older adults aged 65 years and
up will outnumber children under 18 years by the year 2035

and will account for more than 20% of the population.28

Currently, older patients already comprise 50% of all surgical
patients, and this proportion is only expected to rise over time.
Caring for older patients in the perioperative period presents
unique chal lenges for the medical and surgical
teams—especially with regard to postoperative pain manage-
ment. In this study, higher amounts of opioid prescriptions
filled in the perioperative period were significantly associated
with an increased risk of serious falls and fall-related injuries
sustained after elective, outpatient surgery. This association is
consistent with prior studies which have identified opioid use
as a potential risk factor for falls in the elderly population.28–30

It is possible that the potential adverse effects of opioid ther-
apy, such as sedation and dizziness,31 may compromise coor-
dination and increase the risk of falls, particularly in the older
population with a higher prevalence of visual impairment and
loss of balance.32 Of note, our analysis indicated that among
the opioid-naïve cohort there may be particular sensitivity to
the effects of opioid therapy; thus, there may not be sufficient
awareness of the potential risks of treatment in these patients
compared with those who are maintained on chronic thera-
peutic doses of opioids.
Fortunately, the incidence of serious falls and fall-related

injuries in our population was low (0.62%). As this cohort
underwent elective, outpatient procedures, we anticipated that
fall rates would be low given that most patients would have
had preoperative surgical clearance and review prior to under-
going surgery. Hence, it is worth noting that while this cohort
had a relatively low incidence of serious falls and fall-related
injuries, they may be less likely to fall compared with patients
who are not undergoing surgery.
Opioid prescribing was very common among older patients

undergoing elective, outpatient procedures such that more
than three-quarters of patients filled an opioid prescription in
the perioperative period. These prescription doses were con-
sistently above the now recommended quantities for opioid
prescribing for minor procedures. Moreover, 34.9% of

Table 2 Incidence of serious falls and fall-related injuries within
30 days of surgery by differing amounts of opioids

Total OME from 30 days prior
to 30 days after surgery

N %

< 150 76 0.45
150–225 57 0.48
≥ 225 140 0.91
Overall 273 0.62

OME, oral morphine equivalent

Figure 2 Adjusted rates for serious falls and fall-related injuries (1/10,000). Higher amounts of opioids (as measured by total OME) filled in the
perioperative period increased the risk of serious falls and fall-related injuries after surgery.
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patients filled opioid prescriptions containing more than 225
OMEs, which is alarming given that opioids may not even be
warranted for pain after these outpatient surgical procedures.33

Although we do not have information regarding patient con-
sumption using claims data alone, higher prescribing of opi-
oids has been shown to be associated with higher consump-
tion.34 While other studies have suggested that adverse events
are more likely with higher amounts of opioids prescribed, to
our knowledge, this is the first analysis demonstrating a sig-
nificant association between higher amounts of opioids pre-
scribed and serious falls after surgery. Patients who filled ≥
225 OMEs (or more than 45 hydrocodone/acetaminophen
5 mg/325 mg) after surgery were over twice as likely to suffer
a fall or fall-related injury after surgery compared with the
groupwho filled < 150 OME, which highlights the importance
of minimizing opioid prescriptions whenever possible to de-
crease the risk of serious falls among older patients undergo-
ing surgery.
This analysis also found that females are more likely to fall

than men after surgery, which is concordant with other stud-
ies.30, 35 This potentially suggests a sex-specific disparity in
risk of falls associated with opioid use perioperatively. Addi-
tionally, increased age, after controlling for demographic and
clinical covariates, was also significantly associated with an

increased risk of serious falls or fall-related injuries after
surgery. This has also been identified in other studies,35 em-
phasizing the importance of early recognition of at-risk pa-
tients prior to attempting high daily prescription opioid thera-
py. Going forward, tailoring perioperative pain management
therapy in these at-risk populations is an important opportunity
to reduce opioid-related risk, and reducing opioid prescribing
could reduce this rare, but potentially catastrophic postopera-
tive adverse event. Encouragingly, recent evidence suggests
that for many elective, outpatient, relatively minor procedures,
opioids may not be necessary or only in low doses for short
courses.33, 36, 37

Although surgeons may be prescribing the initial prescrip-
tion in the perioperative period, non-surgeons involved in the
care of these patients are critically important to putting these
findings into practice, ultimately reducing the risk of this
devastating adverse event after surgery. Best practice guide-
lines based on patient-reported usage of opioids after surgery
are being widely disseminated to surgeons and other surgical
providers with hopes that these measures will reduce
overprescribing in the perioperative period.38, 39 However,
data suggests that a substantial proportion of patients are
provided opioid prescriptions in the postoperative period from
all provider types.40, 41 For example, nearly one-third of all

Table 3 Poisson regression (clustering within surgeon) for serious falls and fall-related injuries after surgery

IRR CI_low CI_high p value

Age, years
65–69 (reference) 1 NA NA NA
70–74 1.03 0.73 1.45 0.873
75–79 1.24 0.87 1.77 0.236
80–84 1.64 1.12 2.40 0.011
≥ 85 1.89 1.25 2.86 0.002

Female (male as reference) 3.04 2.29 4.05 < .001
Race
White (reference) 1 NA NA NA
Black 0.47 0.21 1.08 0.075
Hispanic 0.40 0.16 0.97 0.043
Other 0.46 0.17 1.22 0.118
Missing 2.10 0.57 7.74 0.263

Medicaid eligibility (no as reference) 1.63 1.17 2.26 0.004
Charlson Comorbidity Index
None (CCI 0) 1 NA NA NA
Mild (CCI 1, 2) 0.78 0.59 1.03 0.081
Moderate (CCI 3, 4) 1.13 0.80 1.60 0.487
Severe (CCI ≥ 5) 0.77 0.46 1.28 0.31

History of tobacco use 1.07 0.67 1.69 0.787
At least 1 mental health disorder 0.88 0.64 1.23 0.463
Pain disorders
Arthritis 1.29 0.95 1.75 0.097
Back 0.92 0.69 1.24 0.588
Neck 1.14 0.80 1.61 0.469
Other pain 0.96 0.74 1.24 0.734

Total OME from 30 days prior to 30 days after surgery
< 150 1 NA NA NA
150–225 1.17 0.83 1.65 0.373
≥ 225 2.29 1.72 3.07 < .001

Any hospitalization in previous year 0.71 0.45 1.10 0.128
Skilled nursing facility stay in previous year 1.55 0.66 3.62 0.31
Overlapping of SHA and opioid filled during perioperative period 1.47 0.95 2.26 0.085
Frailty index
Non-frail (FI ≤ 0.1) 1 NA NA NA
Pre-frail (0.1 < FI ≤ 0.2) 0.87 0.57 1.32 0.511
Mildly to severely frail (FI > 0.2) 1.56 0.91 2.69 0.109

Santosa et al.: Risk of Opioids on Falls JGIM2922



opioid prescriptions provided to opioid-naïve patients in the
first three months after surgery are prescribed by non-surgical
providers.40 Therefore, it is imperative for all medical pro-
viders to be cognizant that higher opioid doses after elective,
outpatient surgery are likely unnecessary and could lead to
serious falls and fall-related injuries.
There are several possible limitations of this study. First,

this study is an analysis of administrative claims data, as such
lacking specificity to determine the extent of pain that patients
experience following surgery or more granular patient factors
that could be influencing opioid consumption. Therefore, it is
impossible to know if the prescription rates are overly high or
inappropriately low compared with patient-reported pain
scores. Second, from claims data, it is also difficult to discern
technical nuances of procedures, as these differ from surgeon-
to-surgeon and are not included as details of the database.
Third, this dataset only captured falls that ultimately warranted
medical care, thus would not have captured less-serious, minor
falls which were unreported. Fourth, we did not include the
use of non-opioid alternative prescriptions as these are readily
available, and patients may have purchased these medications
on their own over the counter without insurance coverage.
Therefore, the extent to which these alternative therapies may
have influenced the utilization of opioids following proce-
dures in these populations cannot be discerned from this
analysis. Fifth, this study includes only patients who filled
prescriptions, and it is possible that the number of patients who
received a prescription, but did not fill the prescription, is
actually much higher than reported. In addition, this patient
cohort was captured from data reported in the years 2009–
2014; thus, the opioid prescribing practices may have been
different from those now exhibited in 2020. Additionally, we
did not account for effects of polypharmacy or potentially
inappropriate medications,42 which certainly could have been
associated with increased risk of falls, as others have found.43

Finally, this patient cohort was largely comprised of Medicare
beneficiaries, which may not be generalizable to all patients.

CONCLUSIONS

Serious falls and fall-related injuries after elective, outpatient
surgery, while uncommon, were associated with older age,
sex, Medicaid eligibility, and higher total amounts of opioids
filled in the perioperative period. This finding emphasizes the
importance of judicious prescribing of opioids for postsurgical
pain and represents an opportunity to improve the safety of
care among older individuals.
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