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ABSTRACT
OBJECTIVE
To examine the short term risk of venous
thromboembolism (VTE) after mechanical restraint
among inpatients at psychiatric hospitals.
DESIGN
Population based cohort and self-controlled case
series study.
SETTING
Psychiatric hospitals in Denmark, from 1 January 2000
to 30 September 2022.
PARTICIPANTS
24 423 inpatients (aged ≥18 years) exposed to
mechanical or chemical restraint at psychiatric
hospitals. The self-controlled case series included
1285 patients with incident VTE occurring during or
shortly after a stay in a psychiatric hospital.
MAIN OUTCOME MEASURES
Cumulative incidence of VTE, weighted by propensity,
and risk ratios or differences (including number
needed to harm) in the cohort study. Incidence rate
ratios in predefined risk periods after restraint were
used in the self-controlled case series.
RESULTS
At 30 days after restraint, the cumulative incidence
of VTE was 3.5 per 1000 patients (95% confidence
interval (CI) 2.5 to 4.7) in the mechanical restraint
group and 1.7 per 1000 patients (1.0 to 2.6) in the
chemical restraint group, corresponding to a risk ratio
of 2.07 (1.25 to 3.71), a risk difference of 1.8 per 1000
patients (0.5 to 3.2), and a number needed to harm
of 548 (311 to 1912). In the self-controlled case series,
the incidence rate ratio was 4.49 (3.09 to 6.54) in the
14 days after mechanical restraint compared with
baseline periods.
CONCLUSIONS
Mechanical restraint was associated with an elevated
risk of VTE. Although the absolute risk was low, these
findings highlight the importance of preventive
strategies to reduce the risk of VTE in patients
exposed to mechanical restraint.
Introduction
People with mental illness have an elevated risk of
venous thromboembolism (VTE),1 partly owing to the
presence of multiple VTE risk factors (including
somatic comorbidities) and lifestyle factors such as
smoking and physical inactivity.2 3 In addition,
antipsychotic medication has consistently been
associated with increased incidence of VTE.4 5 The
mechanismsunderlying this associationareprobably
multifactorial, involvingmetabolic changes induced
by drugs, sedation, and reduced mobility.4

Reduced mobility is a well established risk factor for
VTE, particularly in hospital inpatients.6 In
psychiatric settings,mobilitymaybe further restricted
throughcoercive intervention (use of non-consensual
measures such as mechanical restraint, isolation,
and involuntary commitment). Mechanical restraint
uses devices (eg, waist belts, wrist straps, ankle
straps, or gloves) to physically restrict patient
movement and is one of several coercive measures
that may be used in psychiatric inpatient settings to
prevent patients fromharming themselves or others.7
Althoughcontroversial,mechanical restraint remains
in use in most countries for which data are available.
A recent review,8 including data from 22 countries
(with data from after 2010 from 11 countries), found
that the proportion of inpatients at psychiatric
hospitals exposed to mechanical restraint ranged
from less than 1% to 51%, depending on the country
and service context.8 In Europe, the reported
prevalence varies from less than 1% to 26% across
countries, and substantial variation within countries
has also been reported, suggesting that local hospital
practices play a major role.7 -9 Despite the known
physical health risks in people with severe mental
illness,3 the potential adverse physical health
outcomes of mechanical restraint remain largely
unexplored.10

VTE and sudden death after mechanical restraint
have been suggested in case reports.10 However, few
studies have investigated the link between
mechanical restraint and VTE.10 -16 The existing
studies are heterogeneous, small, have generated
conflicting results,15 16 have lacked appropriate
control groups,11 -13 15 16 and did not provide precise
timing of mechanical restraint in relation to VTE
outcomes.11 15 These limitations raise concerns about
the causal interpretation of previously reported
associations. Further knowledge regarding the
potential adverse consequences of mechanical
restraint is essential for guiding timely and
appropriate care. In this study, we sought to assess
the risk of VTE in patients exposed to mechanical
restraint in Danish psychiatric hospitals using two
complementary approaches: an active comparator
(chemical restraint) cohort study with propensity
score weighting and a self-controlled case series
design.

Methods
Setting
Our study is based on registry data from Denmark.
The Danish healthcare system is publicly funded
through taxation and ensures universal access to
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healthcare services for all residents. This care includes access to
hospitals, general practitioners, and specialist practitioners, as well
as partial reimbursement for prescription medications.17 Each
resident is assigned a unique identification number at birth or
immigration,which enables unambiguous linkage at the individual
level acrossnational health registries andadministrative registries.18

In Denmark, the use of mechanical restraint has been the focus of
sustained national initiatives aimed at reducing coercion in
psychiatric care over the past decade. After the introduction of
national targets and monitoring systems in the mid-2010s, the
overall use ofmechanical restraint in psychiatric hospitals declined,
although the reductions were uneven across regions and were often
accompanied by substitution with other coercive measures, such
as chemical restraint.19 Despite policy attention and legislative
revisions, mechanical restraint remains in use.

Data sources
We obtained individual data from several nationwide Danish
registries, and retrieved exposure information from the Danish
National Register of Coercive Measures in Psychiatric Units. This
register contains nationwide records of all legally defined coercive
measures applied in psychiatric inpatient wards, with complete
coverage from 2000 onward.20 Reporting of coercive measures is
mandated by law and must occur within 10 days after initiation.
The Danish National Register of Coercive Measures in Psychiatric
Units records coercive events according to their legal classification
under the Danish Mental Health Act,21 including mechanical
restraint and acute sedation with coercion (chemical restraint),
which is recorded separately from both voluntary drug treatment
and other forms of coercive drug treatment (aimed at treating the
underlyingpsychiatric illness over time rather thanmanaging acute
agitation). For each episode of coercive intervention, the registry
captures the type of measure used and its timing; for mechanical
restraint, duration is also recorded, whereas for chemical restraint,
no information on medication type, dose, or duration of sedative
effect is available.22

Hospital contacts providing informationonVTEoutcomes, previous
somatic comorbidities, and diagnoses of psychiatric disorders were
obtained from the Danish National Patient Registry,23 which has
recorded all inpatient hospital contacts since 1977 in all hospitals
in Denmark, as well as outpatient, emergency department, and
psychiatric contacts since 1995.

We obtained data on personal characteristics, including sex, date
of birth, death, and migration status, from the Danish Civil
Registration System,18 which includes all residents of Denmark.
Causes of death were identified through the Danish Register of
Causes of Death,24 with data available up to and including 2020.
We obtained information on dispensed prescription medications
from the Danish National Prescription Registry,25 which contains
data on all prescriptions filled at Danish pharmacies since 1995.We
derived socioeconomic variables, including educational attainment,
income, and marital status, from registries maintained by Statistics
Denmark. Finally, as a proxy for externalising and high risk
behaviour, criminal convictions were identified from the Danish
National Crime Register.26

Study designs
Firstly, we conducted a cohort study comparing two types of
restraint: mechanical and chemical. Secondly, we conducted a
self-controlled case series analysis including patients who
experienced a VTE and were exposed to mechanical restraint at
some point during an inpatient stay at a psychiatric hospital.

Cohort study

Study population
The study population included all Danish residents aged 18 years
or older who were admitted to a psychiatric hospital between 1
January 2000 and 30 September 2022 and exposed to mechanical
restraint or chemical restraint. We included the first psychiatric
admissionduring the studyperiod inwhich the first exposureduring
the admissionwas eithermechanical restraint or chemical restraint.
We excluded admissions in which both mechanical restraint and
chemical restraint were applied on the same day as the first
exposure, to ensure mutually exclusive exposure groups
(supplementary fig S1).

Exposures
We defined the exposure as mechanical restraint occurring while
an individual was admitted to a Danish psychiatric hospital.
Mechanical restraint comprised physical fixation by waist belts,
either alone or in combination with wrist straps, ankle straps, or
gloves. Under theDanishMentalHealthAct,21 mechanical restraint
maybeused only temporarily and to the extent necessary to prevent
an imminent risk of physical harm to the patient or others, serious
harassment of other patients, or substantial damage to property.
Prolonged mechanical restraint beyond a few hours is permitted
only when required to protect the life, physical integrity, or safety
of the patient or others.

Chemical restraint was selected as an active comparator because it
is likely to be the closest alternative to mechanical restraint in terms
of clinical indication. Specifically, according to the Danish Mental
Health Act,21 chemical restraint may be used when a doctor
determines that sedative drugs given by force is important for
improving the condition of a very agitated patient and cannot be
achieved without the use of force.21 The choice of sedative depends
on the clinical presentation. Benzodiazepines are often preferred
in cases of agitation related to intoxication, whereas antipsychotics
are favoured in agitation related to psychosis. In cases of multiple
mechanical restraint or chemical restraint episodeswithin the same
hospital admission, the type of restraint and the index date were
defined by the first occurrence.

Outcomes
The primary outcome of interest was VTE, including both incident
and recurrent events. Diagnoses ofVTEwere identified fromsomatic
hospital departments and included both inpatient and outpatient
contacts, according to bothprimary and secondarydiagnostic codes
(supplementary table S1). A validation study reported positive
predictive values of 88% for VTE coding, 86% for deep vein
thrombosis, and 90% for pulmonary embolism, on the basis of
Danish hospital registry data.27 If no hospital contacts with a VTE
diagnosis were registered before death, any deaths with pulmonary
embolism as the underlying cause were included as a primary
outcome.We included two secondary outcomes in the cohort study:
all cause mortality and incident VTE (including deaths with
pulmonary embolism as the underlying cause). To ensure inclusion
of incident cases only, we used data from 1977 onward to identify
the first recorded VTE event. Patients with a VTE event before
restraint were excluded from the cohort in the analysis of incident
VTE (supplementary fig S1).

Covariates
Informed by a directed acyclic graph (supplementary fig S2) based
on available literature and data, we included a wide range of
potentially confounding variables. These variables included age,
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calendar period, sex, country of birth, marital status, educational
level, income, main diagnosis leading to admission, coercive
antipsychotic treatment during admission (data available since
2004), coercive treatment of a somatic disease, time from admission
to mechanical restraint or chemical restraint, preadmission (ie,
outside hospital setting) use of an antipsychotic drug, other
preadmission medication use, history of somatic disease, recent
fracture or physical trauma, earlier psychiatric hospital contacts,
and previous criminal convictions. All variables were based on data
from the period leading up to admission or restraint. A detailed
description of the variables and corresponding windows of
assessment is provided in the supplementary file (supplementary
tables S1-S3).

Statistical analysis
The primary objective of this study was to assess VTE risk among
patients exposed to mechanical restraint. Accordingly, the target
estimand was the average treatment effect (of mechanical restraint)
among patients exposed to mechanical restraint, to determine the
risk of VTE in a population whose distribution of measured risk
factors is similar to that of patients exposed to mechanical restraint.

To estimate the average treatment effect among patients exposed
to mechanical restraint, we used propensity score weighting.
Propensity scores were derived from a logistic regression model
estimating the probability of receiving mechanical restraint,
conditional on baseline covariates (as previously described). We
applied standardised mortality ratio weights28: patients in the
mechanical restraint group were assigned a weight of 1, whereas
those in the chemical restraint group were assigned weights based
on the odds of receiving mechanical restraint (calculated as the
propensity score divided by one minus the propensity score). We
assessed covariate balance between groups with absolute
standardised mean differences, with values <0.1 indicating
acceptable balance (supplementary table S4, supplementary figs
S3-S4).

To estimate the cumulative incidence (risk) of VTE, we used a
weighted Aalen-Johansen estimator, treating death as a competing
risk.29 Follow-up began on the date of restraint and ended at the
occurrence ofVTE, death, or 90days after restraint,whichever came
first. The follow-up period was extended until 31 December 2022 to
allow complete follow-up. We plotted the cumulative incidence of
VTE for both themechanical restraint and chemical restraint groups,
and estimated risk ratios and risk differences at 15, 30, and 90 days
after restraint. The primary time point was 30 days after restraint.
We included the 15 day time point to capture any earlier emergence
of differences in VTE risk, and included the 90 day time point
because it is a commonly used definition of hospital associated
VTE.30 We also calculated the number needed to harm as 1 divided
by the risk difference.31 To evaluate the risk ratio over time, we
contrasted the cumulative incidence curves to derive a time varying
risk ratio curve. The 95% confidence intervals (CIs) were estimated
with 500 nonparametric bootstrap samples.

We conducted five sensitivity analyses. Firstly, to deal with
non-adherence (eg, patientswho initially received chemical restraint
who were later exposed to mechanical restraint within the same
admission, or vice versa), we repeated the primary analysis with
censoring at the time of such switches. Secondly, to assess the risk
of VTE in patients with similar probability of receiving either
mechanical restraint or chemical restraint, on the basis of the
included variables, we redefined the target estimand as the average
treatment effect in the overlap population.28 Overlap weights were
calculated as 1 minus the propensity score for the mechanical
restraint groupandas thepropensity score for the chemical restraint
group. Thirdly, to assess the potential effects of unmeasured
confounding effects by smoking and obesity, we conducted a
probabilistic quantitative bias analysis32 (supplementary file). Next,
to examine the association between mechanical restraint duration
and VTE, we estimated the change in VTE rate per additional hour
of restraint by using a landmark approach (supplementary file).
Finally, to assess the potential effect of differences in legal
indications between mechanical restraint and chemical restraint,
we repeated the main analysis by using a comparator of physical
restraint, which has the same legal indications as mechanical
restraint (supplementary file).

Self-controlled case series study
To further investigate the incidence of VTE after mechanical
restraint,weused a self-controlled case series design.33 Thismethod
is an epidemiological study design in which individuals act as their
own control (ie, comparisons are made within individuals). Hence,
only individuals who have experienced an event are included and
all time invariant confounding is eliminated. The self-controlled
case series design investigates when a person has an elevated risk,
rather than who has an elevated risk.34 This design is well suited
for studying transient exposures and outcomes with a well defined
onset.

The observation period began on 1 January 2000, the date of
immigration, or the patient’s 18th birthday, whichever occurred
last, and ended on 30 September 2022, emigration, or death,
whichever came first. During the observation period, we included
patientswhoexperiencedan incidentVTEeither during an inpatient
stay at a psychiatric hospital (from admission to 90 days after
discharge) or within a risk period after mechanical restraint
(supplementary fig S5). In contrast to the cohort analysis, only the
first incident VTE was considered, because recurrent events within
individuals might not be independent,34 whereas all mechanical
restraint episodes within the observation period were included,
both before and after the VTE event. We defined risk periods as the
90 days after each mechanical restraint and subdivided into 0-14
days, 15-29 days, and 30-90 days after mechanical restraint (fig 1).
A pre-exposure period of 15 days preceding each mechanical
restraint was included to account for potential changes in baseline
risk. For overlapping risk periods, we gave precedence to the period
associated with the most recent mechanical restraint event (fig 1).
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Fig 1 | Overview of the self-controlled case series study. Self-controlled case series overview includes psychiatric admissions and episodes of mechanical restraint during
the observation period (1 January 2000 to 30 September 2022) in patients experiencing a venous thromboembolism. Baseline periods start on the day of psychiatric
admission and end 90 days after discharge. Pre-exposure risk periods are defined as the 15 days preceding a mechanical restraint episode. Risk periods following mechanical
restraint comprise the 90 days after restraint and are subdivided into day 0-14, day 15-29, and day 30-90. Overlapping risk periods after multiple restraint episodes are
resolved by prioritising the pre-exposure period and the risk period associated with the most recent restraint. The example shows a venous thromboembolism occurring
immediately after one restraint episode allocated to the pre-exposure period of the subsequent episode

We estimated incidence rate ratios and 95% CIs comparing VTE
incidence during each risk period versus the baseline period with
conditional Poisson regression, with the natural logarithm of the
interval length included as an offset. Models were adjusted for age
with discrete time intervals based on age percentiles at the time of
VTE.

We conducted subgroup analyses stratified by age (<60 years, ≥60
years), sex (male, female), and calendar period (<2011, ≥2011). These
cut-off thresholds were selected according to Danish guidelines
introduced in 2011 recommending thromboprophylaxis for patients
who have been mechanically restrained for at least 24 hours, if at
least one of the following criteria is met (earlier VTE, known
thrombophilia, or active cancer) or at least two of the following
criteria are met (age >60 years, body mass index >30, diagnosis of
chronic obstructive pulmonary disease, diagnosis of heart failure,
diagnosis of acute or chronic inflammation, and treatmentwith sex
hormones or antipsychotic medication).35

We performed three sensitivity analyses. Firstly, to consider
potential misclassification of VTE events that occurred shortly after
mechanical restraint but were assigned to the pre-exposure interval
of a subsequentmechanical restraint episode, becauseof prioritising
themost recent risk period (figure 1),we excluded the pre-exposure
period. Secondly, to evaluate the assumption of an event
independent observation period (ie, that the occurrence of the
outcome did not influence subsequent observation time), we
excluded patients who died within 90 days after a VTE event.
Thirdly, to assess the incidence of VTE after the first observed
mechanical restraint episode,we includedonly risk periods related
to that episode.

All data management and statistical analyses were performed in R
statistical software version 4.5.1.

Patient and public involvement
Patients and members of the public were not involved in the
development of the research question, study design, data
interpretation, or reporting, primarily because the study relied
exclusively on pseudonymised registry data, which did not allow
identification or contact with individual patients.

Results
Cohort study
In total, 24 423 patients exposed to either mechanical restraint or
chemical restraint were included in our study (supplementary fig
S1), 10 208 of whom were exposed to mechanical restraint. In the
mechanical restraint group, the median age at the time of restraint
was 40.5 years (interquartile range (IQR) 27.8-53.7 years), and 6950
patients (68.1%) were men (table 1). Compared with the chemical
restraint group, themechanical restraint groupdifferedmostnotably
in diagnosis leading to hospital admission (2952 patients (28.9%)
with schizophrenia and related disorders were exposed to
mechanical restraint, 6674 (47.0%) to chemical restraint), sex (6950
(68.1%) of those exposed to mechanical restraint were men, and
6686 (47.0%) men were exposed to chemical restraint), and time
from admission to restraint (4928 (48.3%) were mechanically
restrained on the day of admission, and 4152 (29.2%) were
chemically restrainedon theday of admission) (table 1). Themedian
duration ofmechanical restraintwas 13.4 hours (IQR 5.3-29.2 hours).
Earlier exposure to the alternative restraint type within six months
was uncommon (4.7% in the mechanical restraint group and 2.5%
in the chemical restraint group). After propensity score weighting,
covariate balance was achieved across all included variables
(absolute standardised mean differences <0.1) (table 1,
supplementary fig S3).
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Table 1 | Baseline characteristics of the cohort study population before and after propensity score weighting. Data are number (%) unless otherwise stated

After weighting*Before weightingCharacteristic

SMDMechanical restraint
group (n=10 208)

Chemical restraint
group (n=10 230)

SMDMechanical restraint
group (n=10 208)

Chemical restraint
group (n=14 215)

Age

0.0140.5 (27.8-53.7)40.4 (27.6-54.2)0.2940.5 (27.8-53.7)46.7 (31.3-62.9)
Median (IQR) age
(years)

Sex

<0.016950 (68.1)6959 (68.0)0.446950 (68.1)6686 (47.0)Men

Calendar period

0.022009 (2005-14)2009 (2005-14)0.282009 (2005-14)2012 (2005-18)
Median (IQR) calendar
period

Socioeconomic status

<0.018676 (85.0)8689 (84.9)0.098676 (85.0)11 632 (81.8)Born in Denmark

0.030.18Marital status:

1939 (19.0)1839 (18.0)1939 (19.0)3708 (26.1)Divorced

1994 (19.5)2099 (20.5)1994 (19.5)2857 (20.1)Married

6275 (61.5)6291 (61.5)6275 (61.5)7650 (53.8)Not married

0.020.21Educational level:

5633 (55.2)5678 (55.5)5633 (55.2)6663 (46.9)Low

3094 (30.3)3098 (30.3)3094 (30.3)4617 (32.5)Medium

878 (8.6)894 (8.7)878 (8.6)2031 (14.3)High

603 (5.9)560 (5.5)603 (5.9)904 (6.4)Unknown

0.010.11Income:

2749 (26.9)2730 (26.7)2749 (26.9)3434 (24.2)First quartile

2599 (25.5)2644 (25.8)2599 (25.5)3481 (24.5)Second quartile

2582 (25.3)2613 (25.5)2582 (25.3)3498 (24.6)Third quartile

2278 (22.3)2242 (21.9)2278 (22.3)3802 (26.7)Fourth quartile

Psychiatric admission

0.070.56
Main admission
diagnosis:

1696 (16.6)1829 (17.9)1696 (16.6)2051 (14.4)Organic disorders

2030 (19.9)1930 (18.9)2030 (19.9)1110 (7.8)
Substance use
disorders

2952 (28.9)2919 (28.5)2952 (28.9)6674 (47.0)
Schizophrenia and
related disorders

1263 (12.4)1325 (13.0)1263 (12.4)2631 (18.5)Mood disorders

607 (5.9)557 (5.4)607 (5.9)458 (3.2)Neurotic disorders

61 (0.6)66 (0.6)61 (0.6)65 (0.5)Eating disorders

607 (5.9)690 (6.7)607 (5.9)317 (2.2)Personality disorders

108 (1.1)100 (1.0)108 (1.1)110 (0.8)Intellectual disabilities

101 (1.0)95 (0.9)101 (1.0)113 (0.8)
Developmental
disorders

148 (1.4)148 (1.4)148 (1.4)144 (1.0)Behavioural disorders

104 (1.0)75 (0.7)104 (1.0)16 (0.1)Intentional self-harm

480 (4.7)444 (4.3)480 (4.7)423 (3.0)
Non-disease health
factors

51 (0.5)53 (0.5)51 (0.5)103 (0.7)Other

Coercive treatment:

0.0145 (0.4)50 (0.5)0.0845 (0.4)170 (1.2)Antipsychotic

0.0374 (0.7)101 (1.0)0.0374 (0.7)70 (0.5)Somatic disease

0.050.42
Time from admission
to restraint:

4928 (48.3)4739 (46.3)4928 (48.3)4152 (29.2)Same day

2935 (28.8)2962 (29.0)2935 (28.8)6313 (44.4)1-6 days

2345 (23.0)2529 (24.7)2345 (23.0)3750 (26.4)≥7 days

Preadmission psychotropic drugs
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0.01327 (3.2)313 (3.1)0.03327 (3.2)380 (2.7)Clozapine

0.042684 (26.3)2881 (28.2)0.152684 (26.3)2827 (19.9)Typical antipsychotics

0.023697 (36.2)3806 (37.2)0.023697 (36.2)5309 (37.3)Atypical antipsychotics

0.034047 (39.6)4191 (41.0)0.144047 (39.6)4668 (32.8)Antidepressants

0.02528 (5.2)581 (5.7)<0.01528 (5.2)730 (5.1)Lithium

0.012913 (28.5)2970 (29.0)0.112913 (28.5)3343 (23.5)Benzodiazepines

Somatic comorbidities

0.01954 (9.3)941 (9.2)0.03954 (9.3)1212 (8.5)
Cardiovascular
disease

0.03275 (2.7)319 (3.1)0.04275 (2.7)473 (3.3)Cancer

0.02571 (5.6)608 (5.9)0.05571 (5.6)626 (4.4)COPD

0.01478 (4.7)498 (4.9)0.02478 (4.7)600 (4.2)Diabetes

<0.01161 (1.6)163 (1.6)0.05161 (1.6)150 (1.1)Kidney disease

0.02499 (4.9)556 (5.4)0.14499 (4.9)320 (2.3)Liver disease

0.01242 (2.4)266 (2.6)<0.01242 (2.4)330 (2.3)Obesity

0.02673 (6.6)634 (6.2)0.21673 (6.6)317 (2.2)Alcoholism

0.01844 (8.3)828 (8.1)0.14844 (8.3)682 (4.8)
Fracture or physical
trauma

0.01254 (2.5)244 (2.4)0.02254 (2.5)399 (2.8)
Venous
thromboembolism

Psychiatric comorbidities

0.02987 (9.7)1060 (10.4)0.02987 (9.7)1308 (9.2)Organic disorders

<0.013576 (35.0)3599 (35.2)0.323576 (35.0)2958 (20.8)
Substance use
disorders

0.023321 (32.5)3405 (33.3)0.173321 (32.5)5814 (40.9)
Schizophrenia and
related disorders

0.012247 (22.0)2307 (22.5)<0.012247 (22.0)3155 (22.2)Mood disorders

<0.012679 (26.2)2702 (26.4)0.162679 (26.2)2806 (19.7)Neurotic disorders

0.03310 (3.0)372 (3.6)0.06310 (3.0)299 (2.1)Eating disorders

0.021753 (17.2)1841 (18.0)0.221753 (17.2)1368 (9.6)Personality disorders

0.01408 (4.0)438 (4.3)0.07408 (4.0)396 (2.8)Intellectual disabilities

<0.01304 (3.0)308 (3.0)0.03304 (3.0)345 (2.4)
Developmental
disorders

0.011560 (15.3)1521 (14.9)0.111560 (15.3)1649 (11.6)Behavioural disorders

<0.01642 (6.3)634 (6.2)0.18642 (6.3)381 (2.7)Intentional self-harm

<0.013143 (30.8)3158 (30.9)0.043143 (30.8)4097 (28.8)
Non-disease health
factors

0.021417 (13.9)1485 (14.5)0.031417 (13.9)1850 (13.0)Other

Other preadmission drugs

0.01259 (2.5)274 (2.7)0.01259 (2.5)376 (2.6)Anticoagulants

0.031761 (17.3)1880 (18.4)0.051761 (17.3)2724 (19.2)Antihypertensives

<0.01850 (8.3)858 (8.4)0.01850 (8.3)1219 (8.6)Aspirin

0.02352 (3.4)401 (3.9)0.02352 (3.4)449 (3.2)Glucocorticoids

0.02589 (5.8)636 (6.2)0.03589 (5.8)912 (6.4)Loop diuretics

0.01818 (8.0)857 (8.4)0.04818 (8.0)1281 (9.0)Statins

0.01309 (3.0)326 (3.2)0.03309 (3.0)504 (3.5)Metformin

0.021789 (17.5)1862 (18.2)0.131789 (17.5)1820 (12.8)Opioids

Criminal offences

0.01122 (1.2)112 (1.1)0.05122 (1.2)101 (0.7)Sexual

<0.011493 (14.6)1493 (14.6)0.251493 (14.6)1001 (7.0)Violence

<0.012220 (21.7)2241 (21.9)0.282220 (21.7)1643 (11.6)Property

0.02602 (5.9)556 (5.4)0.20602 (5.9)296 (2.1)
Driving under
influence

<0.011158 (11.3)1153 (11.3)0.181158 (11.3)893 (6.3)Drug related

0.022063 (20.2)1992 (19.5)0.212063 (20.2)1796 (12.6)Other

SMD=absolute standardised mean difference; IQR=interquartile range; COPD=chronic obstructive pulmonary disease.

*Weighted using standardised mortality ratio weights (weighted numbers are rounded to nearest integer).
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At 30 days after restraint, the cumulative incidence of VTE was 3.5
(95% CI 2.5 to 4.7) per 1000 patients in the mechanical restraint
group and 1.7 (1.0 to 2.6) per 1000 patients in the chemical restraint
group (table 2, fig 2). The corresponding risk ratio was 2.07 (95% CI

1.25 to 3.71), and the risk difference was 1.8 (0.5 to 3.2) per 1000
patients, corresponding to a number needed to harm of 548 (311 to
1912). The risk ratio peaked shortly after restraint and remained
stable from day 8 onward (fig 3).

Table 2 | Weighted cumulative incidence of venous thromboembolism on day 15, 30, and 90 after restraint and corresponding risk ratios and risk differences
comparing mechanical restraint to chemical restraint

Risk difference per 1000 (95% CI)Risk ratio (95% CI)Cumulative incidence per 1000 (95%
CI)

No of events (No at risk)*Timepoint

Day 15

011.2 (0.6 to 2.0)13 (10 095)Chemical restraint exposure group

1.5 (0.3 to 2.7)2.20 (1.17 to 4.58)2.7 (1.8 to 3.8)28 (10 046)Mechanical restraint exposure group

Day 30

011.7 (1.0 to 2.6)17 (10 030)Chemical restraint exposure group

1.8 (0.5 to 3.2)2.07 (1.25 to 3.71)3.5 (2.5 to 4.7)36 (9961)Mechanical restraint exposure group

Day 90

012.9 (1.9 to 4.3)30 (9806)Chemical restraint exposure group

2.2 (0.6 to 4.1)1.75 (1.15 to 2.90)5.1 (3.9 to 6.5)52 (9767)Mechanical restraint exposure group

CI=confidence interval.

*Weighted numbers are rounded to the nearest integer.

Fig 2 | Weighted cumulative incidence of venous thromboembolism in patients exposed to mechanical or chemical restraint by time since restraint. Shaded areas correspond
to 95% confidence intervals
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Fig 3 | Weighted risk ratio of venous thromboembolism among patients exposed to mechanical restraint compared to those exposed to chemical restraint by time since
restraint. Black horizontal line represents no difference between groups, shaded area corresponds to 95% confidence interval

Within the first 30 days after restraint, 13.0% of patients in the
chemical restraint group had been exposed to mechanical restraint,
and 13.5% of patients in the mechanical restraint group had been
exposed to chemical restraint (supplementary fig S6).Whenpatients
were censored at the time of the treatment switch, the risk ratio at
30 days after restraint was similar to the main results (2.13, 95% CI
1.17 to 3.89) (supplementary table S5).

When the overlap population was targeted, all covariates were well
balanced (supplementary fig S3). All estimates were attenuated,
with a risk ratio at 30 days after restraint of 1.70 (95% CI 1.03 to 2.88)
and a risk difference of 1.4 (0.1 to 2.9) per 1000 patients
(supplementary table S5).

In patients exposed to mechanical restraint, the risk at 30 days after
restraint of all cause mortality was 21.4 (95% CI 18.7 to 24.3) per
1000 patients, and this proportion increased to 39.0 (35.8 to 43.2)
per 1000patients byday90 (supplementary table S6, supplementary
fig S7). Compared to chemical restraint, the all cause mortality risk
ratio 30 days after mechanical restraint was 1.16 (95% CI 0.89 to
1.49), and the risk difference was 2.9 per 1000 patients (-2.5 to 7.5)
(supplementary table S6). The risk ratio was highest in the initial
days after restraint and declined over time (supplementary fig S8).
Informationonspecific causesofdeath isprovided in supplementary
file.

For the analysis of incidentVTE,we included 23 770patientswithout
a history of VTE (supplementary fig S1). The risk ratio 30 days after
restraint of incident VTE was 1.91 (95% CI 1.03 to 3.56), and the risk
differencewas 1.3 (0.1 to 2.6) per 1000patients (supplementary table
S6).

Results from a quantitative bias analysis assessing unmeasured
confounding by smoking and obesity showed modest attenuation
of the risk estimates (supplementary file). In a descriptive analysis,
each additional hour of mechanical restraint was associated with
an estimated 6% (95% CI 2% to 9%) increase in the rate of VTE
(supplementary file).

In a sensitivity analysis comparing mechanical restraint with
physical restraint, the baseline characteristics were slightly more
imbalanced than observed in the primary mechanical
restraint/chemical restraint comparison (supplementary table S8).
The risk ratio for VTE 30 days after restraint of 2.70 (95% CI 1.40 to
6.43)washigher than for theprimarymechanical restraint/chemical
restraint comparison (supplementary table S9).

Self-controlled case series study
During the observation period, we included 1285 patients with
incident VTE occurring during either the baseline or risk periods
(supplementary fig S5). In this group, 1175 VTE events occurred
duringbaseline periods outside ofmechanical restraint risk periods,
whereas 85 VTE events occurred within 90 days after mechanical
restraint. We observed an additional 25 VTE events in the 15 day
pre-exposure window before mechanical restraint. The median age
at the time of VTE was 57.5 years (IQR 45.0-71.4 years), and 662
patients were women (51.5%).

The incidence rate ratio of VTE in the 14 days after mechanical
restraint was 4.49 (95% CI 3.09 to 6.54), compared to the baseline
period. The incidence rate ratio declined in subsequent risk periods:
15-29 days after mechanical restraint the incidence rate ratio was
1.64 (0.93 to 2.89), and 30-90 days after mechanical restraint, the
incidence rate ratio was 0.92 (0.60 to 1.40) (table 3).
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Table 3 | Self-controlled case series incidence rate ratios comparing the incidence rate of venous thromboembolism in the time following mechanical
restraint with that in baseline periods

Incidence rate ratio (95% CI)No of eventsNo of person yearsRisk period

111752969.5Baseline*

2.19 (1.39 to 3.43)2572.9Pre-exposure†

4.49 (3.09 to 6.54)4250.7Day 0-14

1.64 (0.93 to 2.89)1444.4Day 15-29

0.92 (0.60 to 1.40)29151.9Day 30-90

CI=confidence interval.

* Baseline periods start on the day of psychiatric admission and end 90 days after discharge.

† Pre-exposure risk periods are defined as the 15 days preceding a mechanical restraint episode.

Subgroupanalyses showed thehighest incidence rate ratios inmen
(5.85 (95%CI 3.70 to 9.26)) andpatientswhowere restrainedduring
2011-2022 (5.96 (3.73 to 9.52)). We observed no difference in the
incidence rate ratio in the 14 days after restraint between patients
18-59 years of age versus ≥60 years of age (supplementary table
S10). All sensitivity analyses showed similar results to the main
analysis (supplementary table S11).

Discussion
Principal findings
In thisnationwide, populationbased studywith twocomplementary
study designs, we observed a twofold greater risk of VTE in the 30
dayperiod after restraint in patients exposed tomechanical restraint
than in patients exposed to chemical restraint. Within individual
analyses revealed a fourfold increase in VTE incidence in the 14
days after mechanical restraint. Despite the increased relative
measures, the absolute risk of VTE after mechanical restraint
remains low (risk of 3.5 per 1000 patients 30 days after restraint).

In stratified self-controlled case series analyses before versus after
publication of the Danish guidelines on thromboprophylaxis in
relation to mechanical restraint in 2011,35 we found no evidence of
lower VTE incidence after 2011 among patients exposed to
mechanical restraint during admission to a psychiatric hospital.
We could not determine whether this reflects suboptimal
implementation of the guidance or whether VTE occurs despite
appropriate preventive measures.

Comparison with other studies
A few studies have investigated VTE in relation to mechanical
restraint. A Japanese study that examined 1308 hospital admissions
in a setting in which patients’ D-dimer levels were routinely
measuredat admission, found that the oddsof deepvein thrombosis
were elevated in patients who were mechanically restrained
compared to thosewhowerenot (odds ratio 6.0, 95%CI 2.4 to 13.9).15
Although confounding by indication might have been introduced
as a result of inpatients not exposed to restraint being used as a
comparison group, 9.3% of patients being restrained developed
deep vein thrombosis at some point during admission. This
incidence is much higher than the VTE risk 30 days after restraint
of 0.35% observed in our study. D-dimer measurements are not
taken routinely for inpatients at Danish psychiatric hospitals;
consequently, our study might have underestimated the absolute
VTE risk. A recent case-control study from Japan showed a similar
association (odds ratio 6.7, 95% CI 3.4 to 13.3).36 In contrast to the
Japanese studies, a Belgian study found no cases of VTE in 296
patients exposed to restraint, most of whom received low molecular
weight heparin as aprophylacticmeasure.16 A recentDanish study14

(2007-2019) estimated a within individual risk ratio of VTE of 4.38
in the 30 days after mechanical restraint, higher than our estimates
for the same risk period. This discrepancy likely reflects different
baseline definitions. Baandrup et al14 treated all non-restraint time
as unexposed, including time outside psychiatric hospital
admission, which may challenge exchangeability. In contrast, we
restricted baseline time to periods of admission to a psychiatric
hospital.

In the secondary outcome analyses, we observed a 2% risk of death
30 days after restraint. Death in the period after restraint has
previously been reported.10 However, given the relatively young
age of this patient group, this finding warrants further attention.

Potential biological mechanisms
The most plausible pathophysiological mechanism linking
mechanical restraint to VTE is immobilisation, which promotes
venous stasis and impairs venous return. Prolonged physical
inactivity facilitates thrombus formation and is a well established
risk factor for VTE.6 This risk might be further amplified in people
with severe mental illness because of pre-existing risk factors. This
proposed mechanism is supported by our finding of a graded
increase in the VTE rate as duration of mechanical restraint
increases, although this observation should be interpreted as
descriptive rather than causal. Vigorous physical exertion during
the application ofmechanical restraintmay contribute to secondary
mechanism linking mechanical restraint to VTE. Given that both
physical traumaandminor injuries are establishedVTE risk factors.6

Strengths and limitations
This study has several strengths and some limitations. Selection
bias and referral biaswere unlikely becausewe included all patients
from Danish psychiatric hospitals. By applying appropriate
weighting, we preserved the target population of interest.
Furthermore,we ensured complete follow-upby linkage to national
registry data.

ExposuremisclassificationwasunlikelybecauseDanish lawrequires
reporting of episodes of coercion within psychiatric hospitals. The
positive predictive value of VTE coding is 88%,27 but some cases
might potentially be underreported because of the circumstances
surrounding mechanical restraint. If such underreporting were
differential (eg, patients exposed to mechanical restraint have a
diminished likelihood of being diagnosed with VTE), our findings
would underestimate the true association between mechanical
restraint and VTE.

Our study might have been subject to residual confounding despite
adjustment for several measured factors. We lacked data on
voluntary antipsychotic treatment during hospital admission and
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lifestyle factors such as smoking and body weight. Results from the
quantitative bias analysis suggested that unmeasured confounding
by smoking or obesity alone was unlikely to fully explain the
observed association. To partially account for unmeasured
behavioural and health related confounding, we included
information on criminal convictions, because individuals with
criminal convictions tend to have poorer physical health than those
without.37

Additionally, we used an active comparator to reduce confounding
by indication. Nonetheless, given that mechanical restraint is more
often applied in the context of severe aggression or violence,
residual confounding related to these indications is likely. Byusing
a self-controlled case series design, we eliminated time invariant
confounding by design. However, time varying factors, such as
confoundingby indication,may still have confounded the observed
association (eg,mechanical restraint applieddue to acutepsychosis,
violent behaviour, or substance use). A studyhas reported elevated
D-dimer and soluble P-selectin plasma levels in seemingly healthy
people experiencing acute psychosis, with no earlier use of
antipsychotic agents. Therefore, psychosis itself might possibly
have thrombogenic effects.38 To reduce this potential confounding,
we compared mechanical restraint risk periods with other periods
of psychiatric admission during which the underlying VTE risk was
likely to be exchangeable.

Conclusions and implications
Mechanical restraint in inpatients at psychiatric hospitals was
associated with an elevated short term risk of VTE, although the
absolute risk remained low. Our findings add to existing evidence
that prolonged mechanical restraint is associated with clinically
relevant adverse outcomes, and support ongoing efforts at thepolicy
and service levels to further limit theuse anddurationofmechanical
restraint when less restrictive alternatives are feasible.

From a clinical perspective, our results suggest that systematic
consideration of thromboprophylaxis after mechanical restraint
may be warranted, balancing potential benefit against the risk of
adverse effects such as bleeding. Overall, our findings provide
empirical datawithpotential to informboth clinical decisionmaking
and future guideline development regarding the prevention of VTE
related to mechanical restraint.

What is already known on this topic
People with severe mental illness have an increased risk of venous
thromboembolism (VTE)
Mechanical restraint restricts mobility, but evidence on VTE risk after
restraint is limited and has lacked robust comparators and clear timing
of risk
What this study adds
Mechanical restraint was associated with a twofold higher risk of VTE 30
days after restraint compared with chemical restraint
Within individual analyses showed a more than fourfold increase in VTE
incidence in the 14 days after mechanical restraint
Absolute risk was low, but findings support heightened vigilance and
prevention efforts around restraint episodes
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