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Abstract

Objective: To determine the change in rates of physical restraint (PR) use and associated outcomes among
hospitalized adults.
Patients and Methods: Using national inpatient sample databases, we analyzed years 2011-2014 and
2016-2019 to determine trends of PR usage. We also compared the years 2011-2012 and 2018-2019 to
investigate rates of PR use, in-hospital mortality, length of stay, and total hospital charges.
Results: There were 242,994,110 hospitalizations during the study period. 1,538,791 (0.63%) had
coding to signify PRs, compared with 241,455,319 (99.3%), which did not. From 2011 to 2014, there was
a significant increase in PR use (p-trend<.01) and a nonsignificant increase in PR rates from 2016-2019
(p-trend¼.07). Over time, PR use increased (2011-2012: 0.52% vs 2018-2019: 0.73%; p<.01). Patients
with PRs reported a higher adjusted odds for in-hospital mortality in 2011-2012 (adjusted odds ratio
[aOR], 3.9; 95% CI, 3.7-4.2; p<.01) and 2018-2019 (aOR, 3.5; 95% CI, 3.4-3.7; p<.01). Length of stay
was prolonged for patients with PRs in 2011-2012 (adjusted mean difference [aMD], 4.3 days; 95% CI,
4.1-4.5; p<.01) and even longer in 2018-2019 (aMD, 5.8 days; 95% CI, 5.6-6.0; p<.01). Total hospital
charges were higher for patients with PRs in 2011-2012 (aMD, þ$55,003; 95% CI, $49,309-$60,679;
p<.01). Following adjustment for inflation, total charges remained higher for patients with PRs compared
with those without PRs in 2018-2019 (aMD, þ$70,018; 95% CI, $65,355-$74,680; p<.01).
Conclusion: Overall, PR rates did not decrease across the study period, suggesting that messaging and
promulgating best practice guidelines have yet to translate into a substantive change in practice patterns.
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T he Centers for Medicare and Medicaid
Services define physical restraints
(PRs) as “any manual method, device,

material, or equipment that immobilizes or re-
duces the ability of a patient to move their
arms, legs, or head freely.”1 This can include
belts, mittens, vests, bed rails, or geriatric
chairs that restrict patient movement. PRs are
designed to protect patients at risk of self-
harm (ie, falling, dislodging intravenous lines,
or removing endotracheal tubes).2,3 Further-
more, PRs are used preemptively to protect
staff and visitors when patients are physically
aggressive.3

Research shows the risks of poor outcomes
associated with PRs and a lack of evidence sup-
porting their use in promoting patient safety.4

Physical restraints are associated with an
increased incidence of delirium, pressure ulcers,
deep vein thromboses, prolonged ventilator use,
Mayo Clin Proc Inn Qual Out n February 2024;8(1):37-44 n https:/
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and death.5-7 Patients subjected to PRs later
reported feelings of loss of dignity, post-
traumatic stress, and disruption of the therapeu-
tic relationship with health care providers.8

In recent years, multiple professional so-
cieties and governmental organizations have
recommended reducing PR use among hospi-
talized patients.9-11 Theoretically, advances in
the delivery of hospital care, such as video-
sitters, behavioral response teams, sedation
for patients on ventilators, and enhanced
management of withdrawal symptoms should
have reduced the need for PRs.12,13 Thus, we
conducted this study to examine trends in PR
use and outcomes among hospitalized adults
in the United States between 2011 and 2019.
Our team hypothesized that given the na-
tional attention on reducing the use of PRs,
we would see a drop in their usage over the
study period.
/doi.org/10.1016/j.mayocpiqo.2023.12.003
vier Inc on behalf of Mayo Foundation for Medical Education and Research. This is an open
.org/licenses/by-nc-nd/4.0/).
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PATIENTS AND METHODS

Setting or Database
The National Inpatient Sample (NIS) database
years 2011-2019 was used to study PR use
during hospitalizations in the United States.
The NIS is available through the Agency for
Healthcare Research and Quality by the
Healthcare Cost and Utilization Project
(HCUP)-(https://www.hcup-us.ahrq.gov/nisov
erview.jsp). The NIS is a large, publicly avail-
able all-payer inpatient health care database
for US hospitals. The databases approximate
a 20% stratified sample of hospital discharges
from 46 participating states and the District of
Columbia and include more than 7 million
annual unweighted hospital stays. When
weighted to reflect all annual admissions, it es-
timates more than 35 million hospitalizations,
or 95% of US hospitalizations. Strata include
hospital size or volume, academic teaching sta-
tus, geographic region, and hospital owner-
ship. Our study years use the International
Classification of Diseases, 9th Revision, and
10th Revision, Clinical Modification (ICD-9
CM and ICD-10 CM) coding system for all
discharge diagnoses.
Study Population, Patient and Hospital
Characteristics, and Outcomes
Patients 18 years and older were included in
the study, and those <18 years old were
excluded. The exposure variable was PR sta-
tus (ICD-9 CM code V49.87; ICD-10 CM
code Z78.). The ICD-9 CM code for PRs
was first implemented in October 2010 and
transitioned in October 2015 to the ICD-10-
CM code. We compared patients with and
without secondary codes for PRs and used
block years 2011-2012 and 2018-2019 to
assess the clinical and resource outcomes.
The primary outcome was the rate of PR
use over time. Secondary outcomes included
in-hospital mortality, length of stay (LOS),
total hospital charges, and disposition post-
discharge (home versus another acute or sub-
acute facility). We also investigated age,
racial, and economic differences, and their
relation to PRs. The following categories
were studied: age, race (Black vs White), in-
come (median yearly income: �$38,999 vs
�$63,000), and insurance type differences
(Medicare vs private insurance).
Mayo Clin Proc Inn Qual Out n February 20
Given the significant incongruency of cod-
ing for PRs for the 2015 transition year (be-
tween ICD-9 CM and ICD-10 CM codes),
we followed HCUP recommendations to sepa-
rately examine trends based on ICD-9 CM and
ICD-10 CM codes for PR status.14 Because of
this issue and that the year 2010 only captured
PR data from October to December, we sepa-
rately trended rates of PR use for years 2011-
2014 and 2016-2019 to better assess trends
or PR use by age category and all combined
age groups for adults over time. We trended
PR rates by the following age categories: (1)
young adults (18-44 years old); (2) middle-
aged adults (45-64 years old); (3) early older
adults (65-84 years old); (4) late older adults
(85 years and older); and (5) all combined
age groups. Yearly PR rates for each group
were adjusted using predictive margins for
multiple confounders listed below.15 We
used 2011 dollars to adjust for inflation over
time.

As reported in similarly conducted NIS
studies, we controlled for the following a pri-
ori hospital and patient confounders in our
multivariable regression models) (i) hospital
geographic region (Northeast, Midwest, South,
and West); (ii) hospital teaching status; (iii)
hospital volume capacity; (iv) age; (v) gender
(male and female only); (vi) race (White,
Black, Hispanic, Asian, or Pacific Islander);
(vii) insurance (Medicare, Medicaid, private
insurance, and uninsured); (viii) median
household income (from <$38,999 to
>$63,000 based on home zip code); and (ix)
comorbidity burden assessed using the Charl-
son comorbidity index (CCI).16-18 Before each
phase of the analysis, we considered the appli-
cability of discrete variables to the particular
study outcome measure. We only included
those covariates that had a theoretical or prac-
tical connection. For instance, studies have
identified race as a risk factor for patients be-
ing physically restrained,19 and older hospital-
ized patients who required PRs have been
found to have longer hospital stays.20 Some
studies also suggest males, perhaps because
of greater overall strength, are more frequently
physically restrained.21 Finally, hospital char-
acteristics that may influence staffing
ratiosdincluding teaching status, volumes, re-
gion, and moredmay affect the decision to
use PRs.22
24;8(1):37-44 n https://doi.org/10.1016/j.mayocpiqo.2023.12.003
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TABLE 1. Patient Demographic and Hospital Characteristics for Hospitalized Patients (N¼242,994,110)
Comparing Those With and Without Physical Restraints: National Inpatient Sample January 2011-December
2019a,b

Characteristic
Patients Without
Physical Restraints

Patients With
Physical Restraints Pc

Total, n (%) 241,455,319 (99.3) 1,538,791 (0.63)

Age (y), mean � SE 57.6�0.04 61�0.1 <.01

Age groups, n (%) <.01

18-44 y 69,192,223 (28.6) 328,119 (21.3)
45-64 y 69,801,791 (28.9) 485,570 (31.5)
65-84 y 79,329,441 (32.8) 526,853 (34.2)
�85 y 23,131,864 (9.5) 198,249 (12.8)

Male, n (%) 100,180,584 (41.4) 900,341 (58.5) <.01

Race, n (%) <.01

White 164,044,743 (67.9) 1,014,37 (65.9)
Black 36,170,006 (14.9) 265,287 (17.2)
Hispanic 26,222,047 (10.8) 155,264 (10.0)
Asian or Pacific Islander 6,205,401 (2.5) 46,163 (3.0)
Native American 1,521,168 (0.63) 11,694 (0.76)

Charlson comorbidity score, n (%) <.01

0 102,884,111 (42.6) 462,099 (30.0)
1 47,518,406 (19.6) 330,224 (21.4)
2 31,727,229 (13.1) 239,589 (15.5)
3 or more 59,325,571 (24.5) 506,877 (32.9)

Insurance, n (%) <.01

Medicare 117,709,468 (48.7) 861,415 (55.9)
Medicaid 43,075,629 (17.8) 313,605 (20.3)
Private 69,201,094 (28.6) 267,903 (17.4)
Uninsured 11,469,127 (4.7) 95,866 (6.2)

Median income (USD), n (%) <.01

$1-$38,999 72,605,614 (30.0) 489,797 (31.8)
$39,000-$47,999 62,947,401 (26.0) 374,695 (24.3)
$48,000-$62,999 57,707,821 (23.9) 363,924 (23.6)
$63,000 or more 48,170,336 (19.9) 310,528 (20.1)

Hospital bed size, n (%) <.01

Small 42,737,591 (17.7) 218,046 (14.1)
Medium 67,486,761 (27.9) 407,471 (26.4)
Large 131,230,965 (54.3) 913,118 (59.3)

Hospital region, n (%) <.01

Northeast 45,079,708 (18.6) 240,667 (15.6)
Midwest 54,110,137 (22.4) 314,836 (20.4)
South 94,384,884 (39.0) 524,112 (34.0)
West 47,880,589 (19.8) 459,175 (29.8)

Hospital location, n (%) <.01

Urban 216,891,900 (89.8) 1,455,541 (94.5)
Rural 24,563,418 (10.1) 83,249 (5.4)

Academic status, n(%) 0.21

Teaching 142,190,333 (58.8) 929,669 (60.4)
Non-teaching 99,264,986 (41.1) 609,121 (39.5)

Continued on next page
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TABLE 1. Continued

Characteristic
Patients Without
Physical Restraints

Patients With
Physical Restraints Pc

Day of week, n(%) <.01

Weekday 192,467,222 (79.7) 1,151,488 (74.8)
Weekend 48,988,097 (20.2) 387,302 (25.1)

aAbbreviation: USD, United States Dollars
bData for the year 2015 was not included in the Table.
cAnalyses used adjusted Wald tests for categorical and continuous variables.
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In the trend analyses, we also included the
years as a covariate for the adjustment of pro-
portions of PR use. Finally, we conducted a
sub-analysis and collected data on the top
admitting diagnoses for patients requiring
PRs during hospitalization from October
2010 to December 2019. Our institutional re-
view board designated the project exempt
from requiring detailed review.
Statistical Analyses
Adjusted Wald tests were used for categorical
and continuous variables. Adjusted odds ratios
(aORs) for PR use were obtained for separate
block years 2011-2012 and 2018-2019
(young adults as a reference compared to all
other age groups) by multiple logistic regres-
sion. In addition, for our trend analysis, yearly
rates of PR use were adjusted for the multiple
confounders using predictive margins.15
2012

years old 45-64 years old

ars old All ages

65-84 years old

Years
2013 2014

ysical restraint use (trend analysis January 2011 to
coding).
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We also used multiple logistic regression
to obtain aORs for in-hospital mortality and
discharge disposition. Adjusted mean differ-
ences (aMD) from multivariable linear regres-
sion analyses helped compare LOS and total
hospital charges. Using univariable analysis,
we tested the strength of predictors for PR
use and subsequently carried out multiple var-
iable regression on variables that had relevant
associations. The P-values were 2-sided, and
the significance level of type I errors was .05.
Stata 15.0 statistical software (Stata Corp)
allowed us to account for design complexity
(stratification, weighting, and clustering) and
incorporated strata and primary and sampling
weights.23

RESULTS
There were 242,994,110 hospitalizations from
2011 to 2014 and 2016 to 2019. Among
these, 1,538,791 (0.63%) had coding that
signified PR usage, compared with
241,455,319 (99.3%) that did not (Table 1).

Rates and Trends of Physical Restraint Use

I. 2011 to 2014 (Figure 1)

Rates of PR use significantly increased
overall for adults from 2011-2014 (p-trend
<.01). There was a significant increase in PR
use among young adults, middle-aged adults,
and early older adults (all p-trend �.01).
Late older adults had higher restraint rates
compared with all groups from 2011-2014
and these rates remained stable (p-trend¼.29).

II. 2016 to 2019 (Figure 2)

Overall, rates of PR use remained stable
from 2016-2019 (p-trend¼.07). Similar to
2011 to 2014, young adults had a significant
increase in rates of PR use (p-trend<.01).
24;8(1):37-44 n https://doi.org/10.1016/j.mayocpiqo.2023.12.003
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TABLE 2. Adjusted Odds Ratios for Being Physically Restrained With Age, Race, Insurance, and Median Income
Comparisons for Years 2011-2012 to 2018-2019

2011-2012

Physically restrained
patients, N (%)

Multivariable adjusted
odds ratios (95% CI) P

Age (y)a Total N¼320,755
18-44 [ref] 57,736 (18.1) 1
45-64 97,509 (30.4) 1.38 (1.31-1.44) <.01
65-84 114,188 (35.6) 1.34 (1.25-1.32) <.01
�85 50,679 (15.8) 2.12 (1.95-2.3) <.01

Raceb Total N¼253,169

White [ref] 211,776 (83.6) 1
Black 41,393 (16.3) 1.02 (0.92-1.12) 0.66

Insuranceb Total N¼98,909

Private [ref] 55,122 (55.7) 1
Medicaid 43,786 (44.2) 1.75 (1.59-1.93) <.01

Median Incomeb Total N¼165,451

�$63,000 [ref] 74,348 (44.9) 1
$1-$38,999 91,102 (55.0) 0.87 (0.76-1.00) 0.05

2018-2019

Physically Restrained
Patients, N (%)

Multivariable Adjusted
Odds Ratios (95% CI) P

Age (y)a Total N¼439,845
18-44 [ref] 103,803 (23.6) 1
45-64 136,791 (31.1) 0.95 (0.92-0.98) <.01
65-84 149,107 (33.9) 0.74 (0.70-0.78) <.01
�85 49,262 (11.2) 0.98 (0.93-1.0) .67

Raceb Total N¼356,130

White [ref] 273,410 (76.7) 1
Black 82,720 (23.2) 1.38 (1.31-1.46) <.01

Insuranceb Total N¼172,545

Private [ref] 71,904 (41.6) 1
Medicaid 100,640 (58.3) 2.08 (1.99-2.19) <.01

Median Incomeb Total N¼219,255

�$63,000 [ref] 79,795 (36.9) 1
$1-$38,999 139,460 (63.6) 1.14 (1.06-1.22) <.01

aAge was adjusted for hospital geographic region, hospital teaching status, hospital volume capacity, gender, race, insurance, median
household income, and Charlson comorbidity index.
bRace, insurance, and income were adjusted for age and gender.

PHYSICAL RESTRAINTS AND HOSPITAL OUTCOMES
However, rates of PRs remained stable for
other groups: middle age (p-trend¼.29), early
older adults (p-trend¼.20), and late older
adults (p-trend¼.18).

III. 2011-2012 versus 2018-2019

In 2011-2012, younger adults (18-44
years) had lower adjusted odds for being phys-
ically restrained compared with all other age
Mayo Clin Proc Inn Qual Out n February 2024;8(1):37-44 n https:/
www.mcpiqojournal.org
groups (p<.01) (Table 2). In 2018-2019,
younger adults had significantly higher
adjusted odds of being physically restrained
than middle age (45-64 years) and early older
adults (65-84 years); both p<.01. Younger
adults also had similar adjusted odds of being
physically restrained compared with later
older adults (aOR, 0.98; 95% CI, 0.93-1.0;
p¼.67) in 2018-2019. Adjusted proportions
/doi.org/10.1016/j.mayocpiqo.2023.12.003 41
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identified an increase in PR use over the time
period for all ages combined (2011-2012:
0.52% vs 2018-2019: 0.73%; p<.01).

Racial, income, and insurance compari-
sons for the years 2011-2012 and 2018-2019
are also displayed in Table 2. Patients on
Medicare had higher adjusted odds of being
restrained for both block years (2011-2012
and 2018-2019; p<.01 for both time frames).
No significant differences were observed in the
odds of PR use between Black and White pa-
tients in 2011-2012. In addition, we saw no
significant differences in adjusted odds of PR
use in 2011-2012 between patients with low
and high incomes. However, in later years,
2018-2019, Black patients had higher adjusted
odds of being physically restrained compared
with White patients. Furthermore, lower-
income patients reported higher adjusted
odds of being restrained than those with
higher incomes in the years 2018-2019.

Physical Restraint and Mortality Outcomes
Compared with patients without PRs, those
with PRs had higher adjusted odds for in-
hospital mortality in 2011-2012 (aOR, 3.9;
95% CI, 3.7-4.2; p<.01). The odds for death
remained higher for those with PRs in the
years 2018-2019 (aOR, 3.5; 95% CI, 3.4-
3.7; p<.01). Top admitting diagnoses for pa-
tients requiring PRs are displayed in the
Supplemental Table, available online at
http://www.mcpiqojournal.org.
Mayo Clin Proc Inn Qual Out n February 20
Resource Utilization Outcomes
Length of stay was longer for patients with PRs
than those without in 2011-2012 (aMD, þ4.3
days; 95% CI, 4.1-4.5; p<.01). The LOS was
even longer for patients with PRs for years
2018-2019 (aMD, þ5.8 days; 95% CI, 5.6-
6.0; p<.01). Total hospital charges were higher
for patients with PRs in 2011-2012
(aMD, þ$55,003; (95% CI, $49,309-$60,679;
p<.01). Following adjustment for inflation, to-
tal charges remained higher for patients with
PRs versus those without PRs in 2018-2019
(aMD, þ$70,018; 95% CI, $65,355-$74,680;
p<.01). The adjusted odds of patients being
discharged to home after hospitalization was
lower for patients who required PRs during
hospitalization in 2011-2012 (aOR, 0.22;
95% CI, 0.21-0.23; p<.01). This was sustained
in 2018-2019 with an adjusted odds of 0.24
(95% CI, 0.23-0.25); p<.01.
DISCUSSION
This study describes the trends in the use of
PRs across a sample of adult patients admitted
to US hospitals between 2011 and 2019.
Despite advances in care and national efforts
to discourage PR use whenever possible, our
study shows that overall rates have remained
high and even increased in some groups.

In a multicenter study across 40 acute care
hospitals in the United States between 2003
and 2005, Minnick et al2 found that PRs
were used at a rate of about 50 per 1000 pa-
tient days. A study of administrative data
from 2007 to 2013 from adult psychiatric
units at 317 US hospitals studied PR frequency
and duration.24 The study found a reduction
in the duration of restraint use but not a
decrease in frequency. By contrast, a 10-year
study across a health system in Pennsylvania
found a decrease in the frequency and dura-
tion of PR use from 2013 to 2020.25 However,
this study was conducted at relatively few hos-
pitals (n¼8) that had a homogenous PR policy
and low baseline rate of restraint use (262 of
the 100,000 patient days), which may explain
the positive findings. Of importance, the
declining rate of PR use may have been driven
by local interventions within specific homoge-
nous patient populations.

Our data highlights significantly higher
use of PRs among vulnerable patient
24;8(1):37-44 n https://doi.org/10.1016/j.mayocpiqo.2023.12.003
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groupsdparticularly minorities (Black pa-
tients), those without private insurance, and
those with lower incomes. Even after adjust-
ment for comorbidity, the increased use of re-
straints among these groups suggests that
structural biases and discrimination may
explain, at least in part, these inequities.
Further studies with databases that collect
more granular data are needed to understand
what factors drive the difference in PR use
among marginalized patient populations. The
root cause of the inequity may stem in part
from healthcare needs that are unmet before
hospitalization, including the availability of
outpatient behavioral health and psychiatric
treatment.

Explaining the geographical variation in
PR use, which is higher in hospitals in the
West, is challenging. Still, this finding has
been noted in previous studies at regional
inter-hospital, or intra-hospital levels.25,26

The regional variation may be because of
more closely connected hospital organizational
cultures, similar staffing patterns, regional
laws, and inconsistent adoption of evidence-
based practices at large health systems in the
western United States.27,28 Future studies
should investigate how regional characteris-
tics, such as access to mental health services
and local practices, impact the use of
restraints.

Other studies also corroborate our second-
ary outcomes. Okumura et al29 examined PR
use for patients with dementia and pneumonia
in Japan, relating it to several outcomes. They
found higher hospitalization costs, longer
LOS, and higher rates of institutionalization
for those who had restraints for some days
during their hospitalization compared with
those who never had restraints. A study by
Singh et al30 found that patients with PR use
had longer lengths of stays, higher total hospi-
tal charges, and lower likelihood of discharge
home compared with those without PRs. We
posit that these results could be multifactorial
and would benefit from further investigation.
The restrained population may be sicker in
ways not captured by the Charlson Comorbid-
ity Index. For example, in our study, acute
respiratory failure is among the top 3 diagno-
ses in restrained patients. Previous studies
have noted that restraint use is highest among
hospitalized patients in intensive care units.2 A
Mayo Clin Proc Inn Qual Out n February 2024;8(1):37-44 n https:/
www.mcpiqojournal.org
post-hoc analysis of the multicenter study of
ICUs noted a higher LOS and mortality in
restrained patients.5 It is possible that the
use of restraints could suggest more severe
behavioral disturbances, delirium, and decom-
pensated psychiatric symptoms requiring
higher resource utilization in the hospital
and supervision after discharge.

Several limitations of this study should be
considered. First, NIS is an administrative
database dependent on accurate coding impu-
tations. Second, the database does not contain
vital signs, laboratory findings, specific medi-
cations, or imaging results. The lack of gran-
ular data limits our ability to draw more
specific associations between individual pa-
tient characteristics and the appropriate use
of PRs. Third, in trend analyses, it is only
possible to account for some, rather than all,
external factors that may have changed over
the study period. For instance, changes to hos-
pitals’ budgets or staffing ratios might have
influenced the PR use but were not analyzed
in our study. Finally, in observational studies,
unmeasured and unknown confounders may
influence outcomes.
CONCLUSION
Our study highlights that the rate of restraint
utilization in US hospitals has remained high
between 2011 and 2019 despite efforts and
guidance to curtail its use. The trend data
also shows that the rates of PR increased
from 2011-2014. However, a nonsignificant
increase followed by flattening in PR rates
was observed from 2016-2019. These data
suggest that hospitals have failed to reduce
PR use over the last decade and highlight the
association of PR use with worse outcomes
in several domains. There is a need to find
safer alternatives to PRs and more effective
evidence-based strategies to reduce PR use
across our nation’s hospitals.
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