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ABSTRACT

Background: Little	 is	 known	 about	 type,	 duration	 or	 intensity	 of	 physical	 activity	 (PA)	
and	the	feasibility	 to	 improve	PA	 in	routine	care	 in	residential	severe	mentally	 ill	 (SMI)	
patients.	We	studied	whether	a	 lifestyle	 intervention	addressing	the	obesity	promoting	
(obesogenic)	environment	can	improve	PA	in	SMI	inpatients,	and	whether	an	increase	in	
PA	leads	to	improvements	in	mental	well-being.

Methods: From	the	Effectiveness	of	Lifestyle	Interventions	in	PSychiatry	(ELIPS)	trial,	302	
participants	 (63%	males,	49±13	years,	78%	psychotic	disorder)	were	 included.	Lifestyle	
coaches	 supported	 mental	 health	 teams	 in	 changing	 the	 obesogenic	 environment	
for	 three	months,	 followed	by	monitoring	 for	 nine	months.	 Controls	 received	 care-as-
usual.	 Functional	 fitness	 (six-minutes	 walking	 test),	 daily	 physical	 activity	 (SQUASH-
questionnaire),	 negative	 symptoms	 (PANSS–Remission	 items),	 depressive	 symptoms	
(CDSS),	quality	of	life	(Mansa)	and	psychosocial	functioning	(HoNOS)	were	measured	at	
baseline,	3	and	12	months.

Results: Participants	spent	a	median	of	539	(180-993,	25th-75th	%)	minutes	per	week	in	
PA.	 After	 three	months,	 intervention	 participants	walked	 31.8±13.7	 (mean±SE)	meters	
more	 in	 the	 six-minutes	walking	 test	 than	controls	 (p=.022).	 Improvement	was	 related	
to	reduced	negative	symptoms	(passive/apathetic	social	withdrawal,	r=-.470,	p=.005	and	
spontaneity/conversation	flow,	r=-.525,	p=.001).	Differences	diminished	after	12	months.	

Conclusion: PA	level	and	fitness	are	low	in	SMI	inpatients.	Changes	in	PA	after	intervention	
were	small	and	non-lasting,	but	had	possible	benefits	for	mental	health.	We	predict	that,	
in	mental	health	practice,	interventions	that	target	both	PA	in	patients’	daily	routines	and	
intensified	PA	in	structured,	supervised	exercise	sessions,	would	yield	valuable	results.
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INTRODUCTION

Patients	with	a	severe	mental	 illness	(SMI)	have	an	increased	cardiometabolic	risk.	The	
prevalence	of	obesity	is	between	45-55%	and	of	type	2	diabetes	10-15%,	which	is	up	to	
four	times	higher	than	 in	 the	general	population1.	The	use	of	antipsychotic	medication	
and	unhealthy	lifestyle	behaviors	such	as	unhealthy	diets,	smoking	and	physical	inactivity	
play	a	 large	role	 in	this	 increased	risk.	 In	the	general	population,	 is	was	estimated	that	
physical	inactivity	could	account	for	6-10%	of	all	types	2	diabetes,	coronary	heart	disease	
and	breast	and	colon	cancers	worldwide,	causing	9%	of	excess	mortality2.	Because	of	the	
low	physical	activity	(PA)	levels	in	SMI	patients3,	improving	PA	is	considered	an	effective	
target	to	improve	patients’	somatic	health.	
	 PA	can	have	positive	effects	on	both	patients’	physical	and	mental	well-being.	In	the	
general	population,	more	PA	was	associated	with	higher	health-related	quality	of	 life4.	
Both	 short	 and	 long-term	PA	 and	 all	 levels	 of	 intensity	 (light,	moderate	 and	 vigorous)	
were	shown	to	be	related	to	a	lower	depression	incidence,	with	a	possible	dose-response	
relation	between	PA	intensity	and	a	reduction	in	depression	risk5.	In	SMI	patients,	studies	
have	shown	that	PA	improved	(health-related)	quality	of	life	and	reduced	depressive	and	
psychotic	symptoms6,7.	Most	of	these	studies	had	small	sample	sizes	and	studies	including	
residential	SMI	patients	are	scarce.
	 For	SMI	patients	living	in	residential	facilities,	improving	PA	levels	could	be	hampered	
by	the	obesity	promoting	(obesogenic)	environments	of	these	facilities.	Most	facilities	are	
characterized	by	a	 lack	of	healthy	 food	products	and	 limited	possibilities	 for	PA.	Often	
household	 chores	 such	as	 cleaning,	 laundry,	 grocery	 shopping	and	cooking	are	 carried	
out	by	staff	members.	As	most	residential	patients	do	not	have	jobs,	no	daily	PA	related	
to	 (commuting	 to)	work	could	be	expected.	This	 raises	questions	about	 the	 levels	and	
the	type	of	PA	that	residential	SMI	patients	perform.	It	is	interesting	to	explore	whether	
changing	 the	 obesogenic	 environment	 of	 these	 residential	 facilities	 by,	 among	 others,	
increasing	possibilities	for	PA,	would	lead	to	improved	PA	levels	in	patients.
	 The	aim	of	this	paper	is	threefold.	The	first	aim	is	to	gain	insight	in	the	level	of	PA	in	
SMI	inpatients	in	terms	of	duration,	intensity	and	type	of	activity,	as	well	as	in	its	correlates	
regarding	somatic	and	mental	health	measures.	The	second	aim	is	to	examine	whether	a	
lifestyle	intervention	addressing	the	obesogenic	environment	with	regard	to	PA	and	diet	
can	improve	PA	levels	in	SMI	inpatients.	The	third	aim	is	to	explore	the	effect	of	changes	
in	PA	levels	on	mental	well-being	during	the	intervention.	For	these	aims,	data	from	the	
Effectiveness	of	Lifestyle	Interventions	in	PSychiatry	study	(ELIPS)	was	used8.	

MATERIALS AND METHODS

Design
The	ELIPS	study	was	a	multicenter	cluster	randomized	controlled	pragmatic	trial	 in	SMI	
inpatients	addressing	the	obesogenic	environment	of	patients.	The	intervention	improved	
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the	primary	outcomes	adiposity	and	cardiometabolic	risk	factors	after	three	months,	but	
effects	diminished	after	twelve	months9.	The	study	protocol	was	approved	by	the	Medical	
Ethical	Committee	for	Research	in	Mental	Health	Care	(Metigg).	The	trial	was	registered	in	
the	Dutch	Trial	Registry	(Nederlands	Trialregister NTR2720,	27	January	2011).	For	the	full	
protocol	and	previous	outcomes,	see8-10.	

Study population
Twenty-nine	sheltered	and	long-term	clinical	care	teams	of	two	large	mental	health	care	
organizations	 in	 Northern-Netherlands	 serving	 SMI	 patients	were	 included	 in	 the	 trial	
from	 September	 2010	 until	 December	 2011.	 Patients	 living	 in	 long-term	 clinical	 care	
facilities	 have	 all-day	 professional	 care	 while	 patients	 living	 in	 sheltered	 facilities	 are	
more	 independently	 living	with	professional	care	nearby.	Patients	were	 included	 in	the	
trial	 if	 they	 participated	 in	 the	 annual	 Routine	 Outcome	Monitoring	 (ROM,	 explained	
below).	Exclusion	criteria	were	age	below	18,	pregnancy,	being	diagnosed	with	Korsakov’s	
syndrome	and	being	physically	unable	to	perform	physical	activity	tests.

Intervention
The	 intervention	 targeted	 the	 obesogenic	 environment	 of	 SMI	 inpatients	 by	 focusing	
on	PA	and	diet.	 The	 intervention	was	 addressed	at	 teams	of	 health	 care	professionals	
and	implemented	by	lifestyle	coaches.	Coaches	were	in	the	last	of	four	years	training	to	
become	professional	lifestyle	coaches.	Before	implementation,	lifestyle	coaches	received	
two	days	of	training	to	gain	knowledge	on	the	population	and	input	for	feasible	exercise	
and	 food	activities.	Lifestyle	coaches	were	also	trained	 in	data	collection	 in	 the	role	as	
research	assistant	(explanation	below).
	 In	the	preparation	phase	(one	month),	lifestyle	coaches	got	acquainted	with	teams,	
patients	 and	 the	 location.	 Lifestyle	 coaches	 could	 for	 example	 make	 an	 inventory	 of	
patients’	wishes	 regarding	 (sport)	 activities.	 Hereafter,	 lifestyle	 coaches	 set	 up	 a	 team	
tailored	 lifestyle	 plan	 according	 to	 four	 pre-set	 ELIPS	 lifestyle	 goals8.	One	 of	 the	 ELIPS	
lifestyle	goals	focused	on	improving	PA.	The	team	tailored	lifestyle	plan	should	contain	at	
least	two	weekly	activities	to	improve	PA,	at	least	one	of	them	being	intensive,	in	order	to	
achieve	the	following	goals	at	patient	level:	(1)	increase	in	daily	PA	on	individual	level,	(2)	
increase	in	daily	PA	through	group	activities	(low	intensity)	and	(3)	participation	in	more	
intensive	physical	group	activities	(organised,	medium	intensity).	Examples	from	practice	
are:	organised	walking	group	once	or	twice	a	week,	staff	stimulating	patients	to	walk/cycle	
to	(voluntary)	work	instead	of	taking	the	bus	and	counselling	conversations	with	patients	
during	a	walk	outside	rather	than	sitting	in	the	office.	More	examples	were	described	in	
the	study	protocol8.	
	 In	 the	 three-month	 implementation	 phase,	 lifestyle	 coaches	 implemented	 the	
lifestyle	activities	described	in	the	team	tailored	lifestyle	plan.	Lifestyle	coaches	trained	
teams	to	implement	the	activities,	by	that	improve	the	obesogenic	environment	and	taught	
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teams	how	to	stimulate	healthy	behaviors	in	patients.	The	responsibility	of	implementing	
the	 lifestyle	activities	slowly	 shifted	 from	 lifestyle	coaches	 towards	 teams.	 In	 the	nine-
months	monitoring	phase,	teams	set	new	lifestyle	goals	and	were	solely	responsible	for	
implementing	lifestyle	activities	in	order	to	achieve	these	goals	within	these	9	months.	In	
this	phase,	teams	were	monitored	by	a	lifestyle	coach.	Patients	in	the	control	condition	
received	care-as-usual.

Measurements
All	measurements	were	conducted	at	baseline,	at	3	and	12	months.	Data	on	age,	gender,	
diagnosis	 and	 type	 of	 residence	 (sheltered	 or	 long-term	 clinical)	 were	 available	 from	
patient	 records.	 Somatic	 and	mental	 health	 outcomes	were	 assessed	 through	Routine	
Outcome	Monitoring	 (ROM),	 an	 annual	 assessment	 of	 somatic	 and	mental	 outcomes.	
ROM	 screenings	 are	 part	 of	 standard	 care	 in	 both	 participating	 organizations	 and	
performed	by	trained	ROM	nurses.	For	the	mental	outcomes,	sum	scores	were	calculated	
when	at	least	70%	of	the	items	was	scored	and	with	a	correction	for	the	number	of	items	
scored.	PA	measures	(i.e.	daily	physical	activity	and	functional	physical	fitness)	were	not	
part	of	standard	ROM	screening,	therefore	research	assistants	approached	patients	for	
these	additional	measures.
	 Daily	 physical	 activity	 was	 assessed	 with	 the	 SQUASH11	 (Short	 QUestionnaire	 to	
ASses	Health	enhancing	physical	activity),	a	questionnaire	addressing	PA	in	the	domains	
commuting,	 (voluntary)	 work/school,	 household,	 leisure	 time	 and	 sports.	 Days	 per	
week,	minutes	per	day	 and	 intensity	 level	 spent	 at	 these	activities	were	assessed	and	
total	minutes	per	week	were	 calculated	per	domain	according	 to	Wendel-Vos	et.	 al.11.	
Outcomes	were	total	PA	(TPA),	PA	at	moderate	or	vigorous	level	(MVPA)	and	a	PA	score	
reflecting	energy	expenditure.	TPA	 is	 the	sum	of	all	 light,	moderate	and	vigorous	PA	 in	
minutes	per	week.	MVPA	is	the	sum	of	moderate	and	vigorous	PA	in	minutes	per	week.	
PA	score	is	calculated	as	duration	times	intensity	of	the	activity	and	represents	a	proxy	for	
energy	expenditure	in	arbitrary	units	(see	Wendel-Vos,	2003).	In	the	present	paper,	the	
time	spent	 in	sports	was	analyzed	separately	from	time	spent	 in	 leisure	time	activities.	
The	 SQUASH	 questionnaire	 is	 validated	 in	 the	 general	 population	 and	 the	 Spearman	
correlation	coefficient	for	reproducibility	is	0.5811.
	 Functional	physical	fitness	was	assessed	with	the	six-minute	walking	test12	(6MWT)	
in	which	participants	walk	as	many	meters	as	possible	within	six	minutes.	During	the	test,	
participants	are	encouraged	according	to	a	protocol	with	standard	phrases.	The	6MWT	
is	validated	in	patients	with	schizophrenia	and	has	an	intraclass	correlation	coefficient	of	
0.9613.	The	outcome	is	walked	distance	in	meters.
	 Data	on	somatic	parameters	waist	circumference	(cm),	body	mass	index	(BMI;	kg/
m2),	 systolic	 and	 diastolic	 blood	 pressure	 (mmHg)	 and	 blood	 levels	 of	 fasting	 glucose	
(mmol/l),	 triglycerides	 (mmol/l),	 HDL-cholesterol	 (mmol/l)	were	 assessed	 according	 to	
protocol8.
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	 Negative	 symptoms	were	 assessed	during	 an	 interview	using	 the	PANSS	 (Positive	
and	Negative	Syndrome	Scale)14.	The	ROM	protocol	included	a	shortened	8-item	version	
of	 the	 PANSS	 consisting	 of	 the	 remission	 items15:	 assessing	 delusions	 (P1),	 conceptual	
disorganization	(P2),	hallucinatory	behaviour	(P3),	blunted	affect	(N1),	social	withdrawal	
(N4),	 lack	 of	 spontaneity	 (N6),	 mannerisms	 and	 posturing	 (G5)	 and	 unusual	 thought	
content	(G9).	The	scores	range	from	one	(absent)	till	seven	(severe).	The	three	items	on	
the	negative	scale	(N-items)	were	used	separately	to	examine	negative	symptoms.
	 Depressive	 symptoms	were	assessed	with	 the	CDSS	 (Calgary	Depression	Scale	 for	
Schizophrenia)16	during	a	structured	interview.	Nine	items	were	scored	from	zero	(absent)	
to	 four	 (severe).	 The	 psychometric	 properties	 of	 the	 CDSS	 are	 good	 and	 it	 measures	
depression	differently	from	negative	symptoms17.	
	 Quality	of	 life	was	assessed	by	the	self-report	questionnaire	MANSA	(Manchester	
Short	Assessment	of	Quality	of	Life)18,	that	participants	fill	in	prior	to	or	during	the	ROM	
screening.	The	12-item	questionnaire	assessed	satisfaction	within	several	life	domains	on	
a	7-points	Likert	scale	ranging	from	one	(very	dissatisfied)	to	seven	(very	satisfied)	and	has	
good	psychometric	properties18.
	 Participants’	psychosocial	functioning	was	scored	by	the	case	manager	or	team	with	
the	observation	scale	HoNOS	(Health	of	the	Nations	Outcome	Scale)19.	The	scale	comprises	
twelve	items	within	four	domains	(behavioral	problems,	organic	problems,	psychological	
symptoms,	social	problems)	with	scores	ranging	from	zero	(no	problem)	to	four	(severe	
problem).	The	HoNOS	has	acceptable	interrater	reliability20.

Statistical analysis
Data	were	analyzed	with	SPSS	version	2221,	alpha	was	set	on	0.05.	Data	on	the	SQUASH	
(parameters	 and	 difference	 scores)	 were	 non-normally	 distributed	 and	 presented	 as	
median	[25th,	75th	percentile].	Correlations	were	calculated	using	Spearman’s	rho	(rS)	and	
Whitney	U	tests	were	used	for	comparison	of	groups.	Data	on	the	6MWT	were	normally	
distributed	and	presented	as	mean	±	standard	deviation,	Pearson’s	(rP)	correlations	were	
calculated	and	independent	sample	T-tests	were	used.
	 Baseline	data	on	the	SQUASH	and	the	6MWT	were	used	to	describe	the	PA	levels	of	
SMI	 inpatients.	We	studied	correlations	between	PA	and	demographical	 factors	 (age	 in	
tertiles,	gender,	type	of	facility),	somatic	factors	(waist	circumference,	BMI,	systolic	and	
diastolic	blood	pressure),	plasma	levels	(fasting	glucose,	triglycerides	and	HDL-cholesterol)	
and	mental	 factors	 (symptom	 severity,	 depressive	 symptoms,	 psychosocial	 functioning	
and	 quality	 of	 life).	 To	 analyze	 whether	 PA	 levels	 were	modifiable	 through	 a	 lifestyle	
intervention,	first,	baseline	characteristics	of	patients	in	the	control	and	intervention	group	
were	compared	with	independent	sample	T-tests	or	Mann-Whitney	U	tests	for	continuous	
variables	and	with	Chi2-tests	for	categorical	variables.	Hereafter,	difference	scores	in	PA	
from	baseline	 to	 3	months	 and	 from	baseline	 to	 12	months	 for	 both	 the	 intervention	
and	 control	 condition	were	 calculated	and	 compared	with	 independent-sample	T-tests	
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or	Mann-Whitney	U	test.	Improvements	in	6MWT	of	50	meters	or	more	were	considered	
clinically	relevant22.
	 An	explorative	analysis	was	conducted	to	investigate	the	effects	of	increased	PA	on	
mental	well-being	using	Spearman’s	correlations.	Since	we	aim	to	explore	the	effects	of	the	
intervention	beyond	its	effects	on	PA,	we	only	target	improvements	in	the	intervention	group.

RESULTS

Patient characteristics
Twenty-nine	 teams	 were	 randomized	 into	 fifteen	 intervention	 and	 fourteen	 control	
teams,	with	a	total	of	888	ELIPS	participants.	Data	were	available	for	a	subsample	of	302	
participants	who	filled	in	at	least	one	SQUASH	questionnaire	or	performed	the	6MWT	at	
least	once	(see	Figure 1).	Patients	in	the	subsample	were	comparable	with	patients	in	the	
total	ELIPS	population	on	demographical	characteristics,	mental	and	somatic	outcomes,	
except	 for	anxiety	disorder,	 that	was	more	prevalent	among	 the	ELIPS	population	 (see	
Supplementary Table 1).	The	sample	consisted	for	63.2%	of	males,	with	a	mean	age	of	48.9	
±	12.5	years.	In	78.1%	the	diagnosis	was	a	psychotic	disorder.	Baseline	characteristics	of	
patients	in	the	intervention	(N=190)	and	control	(N=112)	group	are	presented	in	Table 1.	At	
baseline,	patients	in	the	control	group	were	relatively	more	often	obese	(p=.040),	reported	
to	spent	more	minutes	per	week	in	TPA	(p<.001)	and	had	a	lower	quality	of	life	(p=.038).

Physical activity levels of SMI inpatients at baseline

Daily physical activities (SQUASH questionnaire)
All	participants	 together	 (N=254)	 spent	a	median	of	539	 [180;	993]	minutes	per	week	
in	 TPA	 (Figure 2a).	 Most	 of	 this	 was	 spent	 in	 leisure	 time	 (105	 [30;	 250]	 minutes),	
predominantly	walking	and	cycling,	and	household	activities	(90	[30;	210]	minutes).	The	
least	minutes	per	week	were	 spent	 in	attending	work/school	 (0	 [0;	360]	minutes)	 and	
(walking	or	cycling)	commuting	activities	(0	[0;	23]	minutes).	Hundred-eight	participants	
(42.5%)	worked	or	went	to	school	and	13.0%	of	all	participants	did	this	≥12	hours	per	week.	
Eighty-eight	participants	(34.6%)	exercised	at	least	once	a	week	with	a	median	duration	of	
78	[60;120]	minutes	per	week	and	the	favorite	sports	were	(1)	fitness,	(2)	swimming	and	
(3)	gymnastics.	Most	energy	(PA	score)	was	spent	on	activities	in	leisure	time	(Figure 2b).
	 Patients	spent	120	[30;	406]	minutes	per	week	on	MVPA,	with	males	(150	[45;	480])	
reporting	more	minutes	per	week	than	females	(90	[25;	240]	minutes;	Mann-Whitney-U	p 
=	.007).	MVPA	did	not	differ	between	age	groups	based	on	tertiles	(Kruskal-Wallis	p=.090).	
In	total,	57.9%	of	the	participants	did	not	meet	(inter)national	guidelines	for	PA24,25,	which	
recommend	at	least	150	minutes	of	MVPA	per	week	(Figure 2c).	One	in	five	participants	
(20.9%)	did	not	perform	MVPA	at	all.	This	group	did,	however,	not	significantly	differ	from	
the	 two	more	 active	 groups	with	 respect	 to	 demographic,	 somatic,	 blood	 plasma	 and	
psychosocial	characteristics.
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Table 1. Baseline	characteristics	of	study	participants a.

Variable N Total Intervention 
group (N=190)

Control group
(N=112) p-values

Data from patient record file

Demographical

Age,	years 292 48.9	±	12.5 49.0	±	12.7 48.6	±	12.3 .79

Male sex 296 187	(63.2) 124	(65.3) 63	(59.4) .32

Housing

    Sheltered living
302

177	(58.6) 107	(56.3) 70	(62.5)
.29

				Long-term	clinical	facilities 125	(41.4) 83	(43.7) 42	(37.5)

Psychiatric	diagnosis 228

				Psychotic	disorder 178	(78.1) 115	(77.7) 63	(78.8) .86

    Mood disorder 24	(10.5) 15	(10.1) 9	(11.3) .79

    Personality disorder 65	(28.5) 39	(26.4) 26	(32.5) .33

    Anxiety disorder 2	(0.9) 1	(0.7) 1	(1.3) .66

				Substance	related	disorder 25	(11.0) 20	(13.5) 5	(6.3) .09

				Developmental	disorder 17	(7.5) 9	(6.1) 8	(10.0) .28

Psychiatric	comorbidityb 49	(21.5) 29	(19.6) 20	(25.0) .34

Data from ROM screening

BMI,	kg/m2 195 28.0	±	5.7 27.4	±	5.7 28.9	±	5.7 .10

Overweight	(25-30	kg/m2) 195 63	(32.3) 43	(33.9) 20	(29.4) .53

Obesity	(>30	kg/m2) 195 62	(31.8) 34	(26.8) 28	(41.2) .04

Antipsychotic	medicationc

				Chlorpromazine	equivalent 199 400	[160;	675] 400	[200;	675] 400	[160;	704] .97

				Uses	antipsychotics 201 181	(90.0) 120	(90.2) 61	(89.7) .91

Mental well-being

CDSS 148 1.0	[0.0;	4.0] 1.0	[0.0;	3.0] 2.0	[0.0;	5.0] .09

MANSA 191 60.8	±	11.5 62.1	±	10.8 58.5	±	12.4 .04

PANSS-r 153 17.4	±	6.4 18.2	±	6.7 16.3	±	5.9 .07

HoNOS 178 13.3	±	6.4 13.0	±	5.6 13.9	±	7.6 .38

Data from additional measures by research assistant 

Outcome variables
Daily	physical	activity	
(SQUASH	questionnaire)
				TPA	(min/week) 254 539	[180;	993] 420	[150;	860] 765	[315;	1200] <.000

				MVPA	(min/week) 254 120	[30;	406] 120	[10;	330] 132	[60;	480] .16
Functional	physical	fitness	
(6-minute	walking	test)	(m) 222 374.4	±	130.7 378.0	±	128.1 369.2	±	135.1 .63

Abbreviations:	ROM:	Routine	Outcome	Monitoring;	BMI:	Body	Mass	Index;	TPA:	total	physical	activity	in	minutes	
per	week;	MVPA:	moderate	and	vigorous	physical	activity	in	minutes	per	week;	CDSS:	Calgary	Depression	Scale	
for	 Schizophrenia;	MANSA:	Manchester	 Short	 Assessment	 of	Quality	 of	 Life;	 PANSS-r:	 Positive	 and	Negative	
Syndrome	Scale	–	remission	items;	HoNOS:	Health	of	the	Nation	Outcome	Scales.
a Data are	presented	as	N	(percentage),	mean	±	standard	deviation	or	median	[25th;75th].
b	Psychiatric	 comorbidity	was	defined	as	having	more	 than	one	of	 the	 following	diagnosis:	 psychotic,	mood,	
personality	or	anxiety	disorder.
c	Chlorpromazine	equivalents	of	antipsychotic	dosage	were	calculated	based	on	Gardner	and	colleagues	(2010)23.
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Potential participants
(ROM and/or PA measures)

N=888

Participants
(at least one PA measure)

N=302

Baseline measure
N=254

3 months measure
N=172

12 months measure
N=139

Baseline measure
N=222

3 months measure
N=139

12 months measure
N=110

Six-minutes walking
test (6MWT)

SQUASH 
questionnaire

Drop out due to:
• logistical reasons
• unwillingness to participate
• unavailable for measurements

N=196

N=129

N=101

Both SQUASH 
and 6MWT

Figure 1.	Flow	chart	of	participants.	The	number	of	participants	in	analyses	differs	due	to	missing	
data;	participants	with	data	on	at	least	one	SQUASH	questionnaire	or	one	six-minutes	walking	test	
were	included.	ROM	=	Routine	Outcome	Monitoring;	PA	=	physical	activity.	

	 More	minutes	per	week	spent	on	MVPA	was	correlated	to	a	lower	waist	circumference	
(rS=-.161,	 p=.049).	 Furthermore,	 more	 TPA	 and	MVPA	 were	 significantly	 correlated	 to	
lower	 levels	of	 fasting	glucose	 (rS=-.228,	p=.016	and	rS=-.192,	p=.044,	respectively).	For	
the	mental	 factors,	more	TPA	and	MVPA	were	 related	 to	 lower	 symptom	severity	 (rS=-
.209,	p=.016	and	rS=-.187,	p=.032)	and	less	problems	in	psychosocial	functioning	(rS=-.219,	
p=.007	and	rS=-.173,	p=.033).	

A           B  C 

 

 

 

 

 

 

Figure 2.	(A)	TPA	(left	y-axis)	and	PA	per	domain	(right	Y-axis)	in	minutes	per	week;	(B)	TPA	and	PA	in	
domains	expressed	as	a	score,	representing	relative	energy	expenditure;	(C)	number	of	participants	
in	relation	to	the	guideline	of	150	minutes	of	MVPA	per	week.	(A)	and	(B)	present	medians	and	error	
bars	present	75th	percentiles.
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Functional physical fitness (6MWT) 
Male	participants	(N=137)	walked	on	average	399.9	±	132.4	meters,	which	was	significantly	
more	 than	 female	participants	 (N=85)	who	walked	333.4	±	117.4	meters	 (p<.001).	 For	
the	 comparison	 to	 healthy	 adults	 in	 the	 ages	 40	 –	 80	 years26,	median	 scores	 for	 both	
groups are presented in Figure 3.	 It	 shows	 that	 SMI	 inpatients	walk	 30%	meters	 less.	
Participants	living	in	sheltered	facilities	were	on	average	able	to	walk	65	meters	further	
than	those	in	long-term	clinical	care	facilities	(sheltered:	399.9	±	124.1,	long-term:	334.9	±	
131.6	meters,	p<.001).	For	age,	the	lowest	tertile	of	participants	(<44	years;	461.0	±	102.2	
meters)	walked	more	meters	than	the	middle	tertile	of	participants	(44-56	years;	360.8	±	
105.6	meters)	that	again	walked	further	than	the	highest	tertile	of	participants	(>56	years;	
289.4	±	119.3	meters)	with	all	p-values	<.001.		
	 Better	physical	fitness,	i.e.	more	meters	walked	on	6MWT,	was	correlated	with	lower	
waist	circumference	(rP=-.238,	p=.004)	and	lower	BMI	scores	(rP	=-.172,	p=.034).	6MWT	
was	not	significantly	 related	 to	 fasting	glucose,	HDL-cholesterol	or	 triglycerides.	Of	 the	
four	mental	 outcomes,	 higher	 6MWT	outcome	was	 only	 significantly	 related	 to	 better	
psychosocial	functioning	(rP	=-.326, p<.001).	

 Figure 3.	Median	distance	walked	at	baseline	during	the	6MWT	for	functional	fitness	in	men	and	
women	with	SMI	separately	compared	to	median	distance	for	healthy	adults	between	40	and	80	
years of age26.	Error	bars	represent	5th and 95th	percentile.	Male	SMI	patients	walk	a	median	of	410	
[5th - 95th	percentile:	129;	597]	meters	and	female	patients	walk	340.0	[96;	530]	meters	(p	<.001).	
Healthy	males	walk	a	median	of	576	[399;	778]	meters	and	healthy	females	walk	494	[310;	664]26.

Effects of lifestyle intervention on PA levels

SQUASH
After	three	months	of	lifestyle	intervention,	patients	in	the	intervention	group	spent	30	
[-202.5;	237.5]	minutes	more	per	week	in	TPA,	while	patients	in	the	control	group	spent	
40	[-340;	180]	minutes	per	week	less	in	TPA.	The	changes	were	not	significantly	different	
between	groups	(p=.182).	The	same	pattern	was	found	in	MVPA,	where	the	intervention	
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group	showed	a	trend	to	be	active	for	a	median	of	15	[-60;	135]	more	minutes	while	the	
control	group	was	stable	(median	0	[-60;	60]	minutes,	p=.063),	see	Figure 4A.	In	twelve	
months’	time,	TPA	and	MVPA	were	found	to	be	lower	in	the	intervention	than	the	control	
group,	although	not	statistically	significantly	different.	The	increase	in	minutes	per	week	
MVPA	in	the	intervention	group	after	three	months	was	related	to	an	increase	in	minutes	
per	week	spent	in	leisure	time	activities	(rS	=.510,	p	<.001),	household	activities	(rS=.308,	
p=.002),	sports	(rS=.246,	p=.015)	and	work/school	activities	(rS	=.238,	p=.019).

A B

 

 

Figure 4.	(A)	Median	changes	in	MVPA	from	the	SQUASH	questionnaire	and	(B)	mean	changes	±	SE	
in functional	fitness	from	the	6MWT	over	time.	P-values	indicate	differences	between	groups	over	
time.	

6MWT
After	 three	 months	 intervention,	 patients	 in	 the	 intervention	 group	 had	 a	 significant	
improvement	of	15.42	±	6.42	meters	while	the	control	group	deteriorated	in	functional	
physical	fitness	(-16.42	±	12.06;	p=.022),	see	Figure 4B.	Also,	after	three	months,	23%	of	
the	intervention	and	20%	of	the	control	group	showed	a	clinically	relevant	improvement	
of	 at	 least	 50	meters	 (p=.65)	while	 in	 the	 control	 group,	more	 participants	 showed	 a	
clinically	relevant	deterioration	(34%)	compared	to	the	intervention	group	(9%;	p<.001).	
In	 12	 months’	 time,	 changes	 in	 6MWT	 seemed	 decreased	 in	 the	 intervention	 group,	
although	this	was	not	statistically	significantly	different	from	the	control	group.

Explorative analysis – are improvements in PA related to mental well-being? 
Since	data	from	the	6MWT	showed	a	significant	 improvement	 in	functional	fitness,	we	
explored	the	association	between	changes	in	6MWT	with	changes	in	mental	well-being.	
We	 studied	 changes	 between	 baseline	 and	 three	 months	 in	 intervention	 participants	
with	adequate	data	on	both	PA	and	mental	well-being	at	the	two	assessments	 (N=34).	
Improved	 fitness	 after	 three	months	was	 related	 to	 reduced	 negative	 symptom	 items	
‘Passive-apathetic	 social	withdrawal’	 (r=-.470,	p=.005)	and	 ‘Lack	of	 spontaneity	&	flow	
of	 conversation’	 (r=-.525,	 p=.001).	 Improvements	 in	 6MWT	 were	 not	 associated	 with	
changes	in	quality	of	life	or	depressive	symptoms.
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DISCUSSION
This	study	aimed	1)	to	get	insight	in	the	level	and	type	of	physical	activity	in	residential	
SMI	patients	and	its	correlates	regarding	somatic	and	mental	health	measures	2)	to	study	
whether	 changing	 the	 obesogenic	 environment	 of	 residential	 facilities	 by	 increasing	
PA	and	healthy	diet	opportunities	would	 lead	 to	 improved	PA	 levels	 and	3)	 to	explore	
whether	PA	improvements	were	related	to	changes	in	mental	well-being.	We	found	that	
PA	 levels	 in	SMI	 inpatients	were	 low,	and	more	MVPA	and	higher	physical	fitness	were	
related	to	a	lower	waist	circumference,	as	an	indicator	for	abdominal	obesity,	and	better	
psychosocial	 functioning.	 Changing	 the	 obesogenic	 environment	 improved	 patients’	
functional	fitness	after	three	months.	This	was	supported	by	a	trend	(p =	0.063)	in	higher	
reported	 moderate-to-vigorous	 PA	 (MVPA)	 assessed	 with	 the	 SQUASH	 questionnaire.	
Furthermore,	the	study	provides	indications	that	negative	symptoms	related	to	passive-
apathetic	social	withdrawal	and	lack	of	spontaneity	&	flow	of	conversation	may	be	most	
sensitive	 to	 improvements	 in	 PA.	 However,	 improvements	 in	 PA	 diminished	 after	 12	
months	of	intervention,	which	is	in	line	with	previously	reported	outcomes9.	
	 We	found	that	SMI	inpatients	have	poor	levels	of	physical	fitness.	Males	and	females	
(mean	age	of	49	years)	walked	on	average	400	and	333	meters,	which	is	clearly	less	than	
healthy	older	males	(64	years)	and	females	(61	years)	who	walked	682	and	643	meters	
in other studies27.	Our	 study	participants	 are	most	 comparable	 to	older,	 chronic	 heart	
failure	patients	(62	years)	who	walked	on	average	363	meters28.	42%	of	the	participants	
met	international	guidelines	of	150	min/week	of	MVPA,	as	compared	to	almost	60%	in	
the	 general	Dutch	 population29.	 The	percentage	 is	 higher	 than	 the	 26%	 in	 outpatients	
assessed	by	the	IPAQ	questionnaire30	but	comparable	to	the	47%	of	patients	assessed	by	
accelerometers31.	Patients	spent	most	of	their	PA	in	leisure	time	and	household	activities,	
based	on	both	minutes	per	week	and	the	energy	expenditure	score.	This	is	not	surprising	
given	the	fact	that	only	13%	of	all	patients	went	to	work	or	school	for	12	hours	or	more	
per	week.	
	 This	 study	 showed	 that	 increasing	 opportunities	 for	 PA	 and	 healthy	 diet	 in	 the	
obesogenic	environment	can	help	SMI	patients	to	improve	their	functional	physical	fitness,	
although	maintaining	these	improvements	long-term	was	difficult.	The	latter	could	be	due	
to	 a	 lower	 level	 of	 implementation	of	 the	 intervention	after	 lifestyle	 coaches	 left.	 The	
ELIPS	intervention	focused	on	improving	PA	during regular routines throughout the day 
and	through	offering	structured, supervised exercise programs	in	the	facility32.	For	patients	
who	are	not	used	to	any	form	of	PA,	increasing	daily	physical	activity	at	a	light-intensity	level	
can	already	be	effective	because	even	light	intensive	activities	were	associated	with	better	
physical	health	in,	for	example,	an	elderly	population33.	As	an	example,	in	our	intervention,	
staff	took	patients	for	a	small	walk	instead	of	sitting	in	the	office	for	regular	counseling	
conversations.	 For	 patients	who	are	more	physically	 active,	 lifestyle	 interventions	may	
focus	on	increasing	the	intensity	of	PA	so	that	physical	fitness	improves,	for	example	by	
offering	(group)	exercise	sessions.	Especially	if	these	activities	are	organized	in	a	supervised 
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setting	with	small	groups	and	integrated	in	the	facility’s	daily	program,	these	activities	are	
easily	accessible.	Larger	improvements	in	PA	may	be	achieved	by	a	mandatory	program	
including	more	intensive	exercise	sessions	or	by	stimulating	patients	to	engage	in	more	
vigorous	exercise	sessions34,	although	this	challenges	the	empowerment	and	ownership	
of	 patients’	 own	 life	 and	 care.	 Small	 changes	 in	 the	 environment,	 however,	will	 reach	
every	patient	irrespective	of	their	intrinsic	motivation	to	become	more	physically	active.	
In	that	way,	at	least	on	population	level,	ultimately,	most	health	gain	will	be	reached.
	 The	study	showed	that	improved	physical	fitness	was	associated	with	less	passive-
apathetic	social	withdrawal	and	 lack	of	spontaneity	&	flow	of	conversation,	which	 is	 in	
line	with	previous	studies	showing	improved	negative	symptoms	after	improving	PA6.	The	
intervention	consisted	of	improving	PA	through	improving	the	obesogenic	environment,	
and	this	goal	was	reached	by	stimulating	patients	to	participate	in	various	activities.	The	
aforementioned	association	could	be	interpreted	in	two	ways.	First,	it	could	be	assumed	
that	 improved	 PA	 leads	 up	 to	 better	mental	 health.	On	 the	 other	 hand,	 patients	who	
experience	 decreasing	 barriers	 in	 social	 contact,	 potentially	 as	 a	 result	 of	 stimulating	
intervention	 staff,	 may	 have	 been	more	 successful	 in	 attending	 the	 (group)	 activities.	
Previous	 studies	 show	 that	 those	SMI	patients	with	 regular	 social	 contacts	were	more	
likely	to	be	physically	active3,35.	Our	study	did	not	confirm	previously	found	relations	of	
increased	PA	and	improved	quality	of	life	and	reduced	depressive	symptoms6,7.	However,	
we	should	keep	in	mind	that	these	explorative	analyses	of	PA	on	mental	well-being	were	
conducted	in	a	small	sample	which	might	be	underpowered	to	answer	this	question.
	 Our	advice	to	mental	health	professionals	is	to	make	an	inventory	of	patients’	wishes	
regarding	 (sport)	 activities.	Whereas	 some	professionals	were	 convinced	 that	patients’	
lacked	 interest	 in	 sport	 activities,	 assessing	 patients’	 preferences	 revealed	 information	
that	 confirmed	 the	 opposite.	 The	 lack	 of	 initiating	 PA	 behaviors	 as	 a	 consequence	 of	
patients’	 mental	 illness36	 should	 not	 be	 mistaken	 for	 a	 lack	 of	 motivation	 to	 actually	
perform	activities.	When	patients	express	their	interest	in	(sport)	activities,	some	support	
from	professionals	may	be	necessary	to	overcome	the	difficulties	taking	initiative	by	for	
example	giving	reminders,	helping	to	get	up	and	get	dressed	in	time.
	 A	 limitation	of	the	study	 is	 the	 limited	data	on	PA	as	compared	to	the	total	ELIPS	
sample	size,	which	could	be	explained	because	PA	measures	had	to	be	planned	additionally	
by	research	assistants.	Also,	patients	could	refuse	to	perform	the	six-minute	walking	test	
when	this	had	to	be	conducted	in	a	public	area	due	to	10	meter	walking	space	needed	
to	perform	this	test.	Another	 limitation	is	that	the	 intervention	addressed	both	PA	and	
diet,	and	although	we	focus	on	PA,	we	should	not	forget	the	potential	influence	dietary	
changes	could	have	on	PA	outcomes.	In	addition,	although	patients	were	encouraged	to	
participate	in	the	organized	PA	activities	or	incorporate	more	PA	in	daily	routines,	patients	
can	 ignore	 these	 efforts	 and	 continue	 doing	 as	 they	 did.	We	did	 observe	 lower	 levels	
of	PA	after	12	months	of	 intervention	compared	 to	 controls,	which	might	be	due	 to	a	
loss	of	 interest	 in	 lifestyle	activities	when	the	(young	and	vibrant)	 lifestyle	coaches	had	
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left.	Finally,	we	assessed	(moderate-to-vigorous)	PA	with	a	questionnaire.	Shortcomings	
of	 self-reported	 measures,	 such	 as	 recall-bias,	 may	 be	 especially	 present	 in	 the	 SMI	
population	due	to	cognitive	problems	hampering	the	ability	to	recall	past	activities37.	The	
correlation	between	PA	measured	with	questionnaires	and	objective	accelerometers	 is	
only	moderate	in	SMI	patients38.	Still,	our	finding	of	a	median	of	120	min/week	MVPA	is	
in	line	with	studies	using	accelerometers	in	SMI	patients,	describing	MVPA	of	120	min/
week39	 and	171	min/week31.	What	may	have	helped	 is	 that	 the	questionnaire	asks	 for	
structured	 activities,	which	 are	 easier	 to	 recall.	 Especially	MVPA	 is	 derived	 from	more	
structured	 activities.	 A	 difficulty	 of	 the	 questionnaire	 is	 that	 sedentary	 activities	were	
not	 specifically	assessed	but	 light	physical	activities	 in	 the	domain	of	work/school	also	
included	sedentary	office	work.	Therefore,	data	on	total	PA	may	be	less	reliable.	
	 In	conclusion,	PA	levels	and	fitness	are	low	in	residential	SMI	patients.	Changes	in	PA	
after	intervention	were	small	and	non-lasting,	but	had	possible	benefits	for	mental	health.	
A	 combination	of	 changing	PA	 in	 daily	 routines	 and	 stimulating	patients	 to	participate	
in	more	intensive	and	structured	supervised	(group)	exercise	sessions,	might	yield	most	
valuable	results.
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Chapter 5

SUPPLEMENTARY MATERIALS
Supplementary Table 1. Comparing baseline characteristics	 of	 the	 total	 ELIPS	 sample	 and	 the	
sample	included	in	the	physical	activity	analyses	(participants	having	data	on	at	least	one	SQUASH	
questionnaire	or	one	six-minutes	walking	test)a.

Variable N Total ELIPS 
sample N Physical activity 

sample p-values

Data from patient record file
Demographical
Age,	years 586 47.4	±	12.7 292 48.9	±	12.5 .11
Male sex 586 370	(63.1) 296 187	(63.2) .99
Housing
    Sheltered living

586
376	(64.2)

302
177	(58.6)

.11
				Long-term	clinical	facilities 210	(35.8) 125	(41.4)
Psychiatric	diagnosis 586 228
				Psychotic	disorder 422	(72.0) 178	(78.1) .08
    Mood disorder 54	(9.2) 24	(10.5) .57
    Personality disorder 196	(33.4) 65	(28.5) .18
    Anxiety disorder 28	(4.8) 2	(0.9) .008
				Substance	related	disorder 82	(14.0) 25	(11.0) .25
				Developmental	disorder 58	(9.9) 17	(7.5) .28
Psychiatric	comorbidityb 149	(25.4) 49	(21.5) .24
Data from ROM screening
BMI,	kg/m2 421 28.1	±	6.5 195 28.0	±	5.7
Overweight	(25-30	kg/m2) 421 147	(34.9) 195 63	(32.3) .53
Obesity	(>30	kg/m2) 421 134	(31.8) 195 62	(31.8) .99
Antipsychotic	medicationc

				Chlorpromazine	equivalent 440 400	[150;	600] 199 400	[160;	675] .40
				Uses	antipsychotics 454 409	(90.1) 201 181	(90.0) .99
Mental well-being
CDSS 258 1.0	[0.0;	4.0] 148 1.0	[0.0;	4.0] .26
MANSA 387 59.8	±	12.9 191 60.8	±	11.5 .38
PANSS-r 328 17.5	±	6.0 153 17.4	±	6.4 .85
HoNOS 384 13.4	±	6.1 178 13.3	±	6.4 .94

Abbreviations:	 ROM:	 Routine	 Outcome	Monitoring;	 BMI:	 Body	Mass	 Index;	 CDSS:	 Calgary	 Depression	 Scale	
for	 Schizophrenia;	MANSA:	Manchester	 Short	 Assessment	 of	Quality	 of	 Life;	 PANSS-r:	 Positive	 and	Negative	
Syndrome	Scale	–	remission	items;	HoNOS:	Health	of	the	Nation	Outcome	Scales.
a Data are	presented	as	N	(percentage),	mean	±	standard	deviation	or	median	[25th;75th].
b	Psychiatric	 comorbidity	was	defined	as	having	more	 than	one	of	 the	 following	diagnosis:	 psychotic,	mood,	
personality	or	anxiety	disorder.
c	Chlorpromazine	equivalents	of	antipsychotic	dosage	were	calculated	based	on	Gardner	and	colleagues	(2010)23.
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