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Abstract

Background : Psychotropic drugs are common among old people with dementia, and have been associated with
increased mortality. Previous studies have not investigated sex differences in this risk. This study was conducted to
analyse associations between the use of antipsychotics, antidepressants, and benzodiazepines and 2-year mortality

in old people with dementia, and to investigate sex differences therein.

Methods: In total, 1037 participants (74% women; mean age, 89 years) with dementia were included from four
cohort studies and followed for 2 years. Data were collected through home visits and medical records. Cox
proportional hazard regression models were used to analyse associations between ongoing baseline drug use and
mortality. Multiple possible confounders were evaluated and adjusted for.

Results: In fully adjusted models including data from the whole population, no association between baseline
psychotropic drug use and increased 2-year mortality was seen. Significant sex differences were found in mortality
associated with antidepressant use, which was protective in men, but not in women (hazard ratio [HR] 0.61, 95%
confidence interval [Cl] 0.40-0.92 and HR 1.09, 95% Cl 0.87-1.38, respectively). The interaction term for sex was
significant in analyses of benzodiazepine use, with a higher mortality risk among men than among women.

Conclusions: Among old people with dementia, ongoing psychotropic drug use at baseline was not associated
with increased mortality in analyses adjusted for multiple confounders. Sex differences in mortality risk associated
with antidepressant and benzodiazepine use were seen, highlighting the need for further investigation of the

impact of sex.
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Background

Introduction

Psychotropic drug use is common among old people,
especially those suffering from dementia. In Sweden and
Finland, every second old person with dementia uses
psychotropic drugs [1, 2]. The prevalence is even higher
among nursing home residents with dementia, of whom
four of five are prescribed psychotropic drugs [3, 4]. In
comparison, one third of old people without dementia
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are psychotropic drug users [1, 2]. One plausible explan-
ation for this high rate of prescription is that these drugs
are used to treat behavioural and psychological symp-
toms of dementia (BPSD), although many elderly may
lack diagnosis [5, 6]. BPSD, include, but are not limited
to, hallucinations, anxiety, depression, agitation, and
aggression. Current guidelines propose psychosocial and
non-pharmacological interventions to reduce BPSD, but
also refer to psychotropic drug administration, generally
as a second line of defence [7-10], even though their
clinical effectiveness has been questioned [11-13], and
they are all associated with significant side effects, some
of which are sex-specific [14—20].
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In a meta-analysis of randomised control trials pub-
lished 2005, antipsychotic drug use increased mortality
with about 50% [21]. In addition, several more recent
studies have demonstrated increased mortality associ-
ated with the use of antipsychotics [22-27]. Also antide-
pressants have been associated with increased mortality
in old people in general [16, 28—30], and in one study of
old men with dementia [26]. Increased mortality associ-
ated with antipsychotic and antidepressant drug use has
been shown to be most pronounced during the first
period after treatment initiation [16, 22, 24]. In contrast,
benzodiazepines have not been associated with mortality
in old people [31-34].

Most of the observational studies conducted to date
have been registry studies [23, 24, 26, 28, 32, 35], which
provide insufficient control for factors associated with
drug use, and thus present difficulties with limitation of
the effects of possible confounding by indication. Other
than for antipsychotics, knowledge of the associations
between psychotropic drug use and mortality, specific-
ally in people with dementia, is lacking. In addition, few
studies have investigated possible sex differences in
drug-related mortality in old people with dementia.

Aims

The aims of this study were to explore the association
between psychotropic drug use and 2-year mortality in
old people with dementia, and to investigate possible sex
differences in this outcome.

Methods

Design and settings

To achieve a sufficiently large sample, enabling control
for several possible indicators of health and mortality,
data from four studies were merged: Umea 85+/Geron-
tological Regional Database (GERDA, 2000—2012); Frail
Older People—Activity and Nutrition (FOPANU, 2002);
Residential Care Facilities—Mobility, Activity and
Nutrition (REMANU, 2004); and Umed Dementia and
Exercise (UMDEX, 2012).

The GERDA epidemiological cohort study was initiated
in 2000 to investigate factors impacting the general health
and well-being of very old people in one urban municipality
and five rural municipalities in the county of Visterbotten,
northern Sweden. Half of the residents aged 85 years, all
90-year-olds, and all of those aged>95 years were
invited to participate. Age was the only inclusion criter-
ion and no exclusion criterion was used. Different levels
of participation were possible; for example, participants
could allow access to medical charts and permit inter-
views with caregivers and next of kin, but decline home
visitation. The initial data collection phase was completed
in 2002. Between 2005 and 2007, a second round of data
collection was performed in the same municipalities, as
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well as in two municipalities in the Finnish county of
Pohjanmaa. Between 2010 and 2012, a third round of data
collection was performed in the same areas, with the
addition of two Finnish municipalities. This study has
been described in greater detail elsewhere [36]. Seventy-
one percent of participants in the current study were
recruited from the GERDA study.

Baseline data were obtained from FOPANU and
UMDEX, randomised controlled trials with exercise
interventions, and REMANU, an observational study
with similar inclusion criteria. They were all performed
in the urban municipality of Umea. The inclusion
criteria for these studies were: residence in a nursing
home, age 2 65 years, dependency in personal activities
of daily living (ADL), ability to rise from a chair with
armrests with help from no more than one person,
Mini-Mental State Examination (MMSE) score > 10, and
approval from the resident’s physician. The UMDEX
study included only people with dementia. These studies
have been described in greater detail elsewhere [37-39].

Common traits of all four studies were that data
collection was conducted by trained investigators (physi-
cians, nurses, physiotherapists, and medical students),
mainly during home visits, through structured interviews
and various measurements and assessments. Additional
data were collected in interviews with caregivers and/or
next of kin, as well as from medical charts.

Participants

Included in the current study were all participants with
a diagnosis of dementia who had provided information
on their use of prescription drugs. For people participat-
ing in more than one of the four studies, only data from
the first study were included. Of the 2498 participants in
the four original studies, 1037 met our inclusion criteria.
The lack of a diagnosis of dementia led to the exclusion
of 1378 persons, data on prescribed drugs were missing
for 8 persons, and data from 75 persons were excluded
because they had already been included from another of
the four studies. The procedure for study inclusion is
illustrated in Fig. 1.

Measurements and data

Cognitive function was assessed using the MMSE (range,
0-30; higher scores indicate higher function) [40],
screening for depressive symptoms was conducted using
the 15-item version of the Geriatric Depression Scale
(GDS-15; range, 0-15; higher scores indicate more
depressive symptoms) [41], morale was assessed using
the Philadelphia Geriatric Center Morale Scale (range,
0-17; higher scores indicate higher morale) [42], nutri-
tional status was evaluated using the Mini Nutritional
Assessment (MNA; range, 0-30; higher scores indicate
lower risk of malnutrition) [43], body mass index (BML;
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The GERDA Study (2000-2012) The FOPANU Study (2002)

Inclusion processes for the
original studies

The REMANU Study (2004) The UMDEX Study (2012)

2726 Selected for study 487 Screened for eligibility
-211 Died before invitation -9 Died before invitation
-11 Unable to contact -216 Excluded

2504 Invited to participate 262 Invited to participate

-446 Declined participation -71 Declined participation

2058 Included in study 191 Included in study

172 Screened for eligibility 864 Screened for eligibility
-68 Excluded -5 Died before invitation
104 Invited to participate -12 Unable to contact

-41 Declined participation -606 Excluded

63 Included in study 241 Invited to participate

Inclusion process for the
current study

-55 Declined participation

186 Included in study

IS

-8 No data on drug use -4 Already included
from an earlier cohort
-47 Already included

from an earlier cohort 9

o

Included in the
current study
737 Included in the

v Vv / A4
2058 Possible participants 191 Possible participants 63 Possible participants 186 Possible participants
-1266 No dementia diagnosis -91 No dementia diagnosis -21 No dementia diagnosis -15 Already included

from an earlier cohort
-9 Already included
from an earlier cohort 171 Included in the
current study
33 Included in the
current study

current study

769 Women
268 Men

1037 Included in the current study

Fig. 1 Flow chart of the inclusion process for this study

weight [in kilograms]/height [in meters]?) was calcu-
lated, and dependency in ADL was measured with the
Barthel ADL index (range, 0-20; higher scores indicate
greater independence) [44]. Information regarding med-
ical diagnoses and symptoms was collected from medical
charts and in structured interviews, and was classified
according to the International Classification of Diseases,
10th Revision [45]. Diagnoses of dementia, delirium, and
depressive disorders were established in accordance with
the Diagnostic and Statistical Manual of Mental Disorders,
4th Edition [46]. A specialist in geriatric medicine reviewed
all diagnoses, using information from medical charts
and from assessments conducted during data collec-
tion. Data on medications were obtained from lists of
prescribed drugs, as well as by asking the participants
and their caregivers about over-the-counter drug use
and actual drug use. Drugs were grouped according to
the Anatomical Therapeutic Chemical (ATC) index.
The definition of antipsychotic drugs used in the
current study encompassed drugs with close kinship to
conventional antipsychotics, resulting in the inclusion
of NO5A (but not NO5ANO1 ([lithium]), NO5BBO1,
NO5CMO06, and RO6AD. Antidepressant drugs were
defined as all drugs within ATC code NO6A. The ana-
lyses of benzodiazepines also included benzodiazepine-
like Z-drugs, hereafter referred to collectively as

benzodiazepines; hence, this category included all drugs
classified as NO5BA, NO5CD, NO5CF, and NO3AE.
Scheduled medications, as well as those used pro re
nata (as needed), were included, provided that partici-
pants actually used them. Dates of death during the
2-year follow-up period were collected from the popu-
lation registers provided by the Swedish Tax Agency
and the Population Register Centre in Finland. Sex was
classified dichotomously.

Statistical analysis

Associations between drug use and mortality were ana-
lysed with Cox proportional hazards regression models.
The selection of possibly confounding variables for the
multivariate models was made according to findings
reported in the scientific literature and the authors’ clin-
ical experience. Fifty variables were evaluated by investi-
gating differences between users and non-users of
antipsychotics, antidepressants, and benzodiazepines,
respectively, using the chi-squared test and Student’s
t-test, as well as by analysing associations between the
selected variables and mortality using univariate Cox
models. Variables with p values < 0.15 for group differ-
ences and associations with mortality were included in
the multivariate Cox regression models. This procedure
was conducted for the full sample and separately for
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men and women to detect sex-specific confounders.
Age and sex were included in the models, regardless of
their associations with the outcome or indicator, as
were GDS-15 scores for the analyses of antidepressants.
Some variables were excluded due to singularity or
multicollinearity (Pearson’s or Spearman’s correlation
coefficient, r > 0.6). When the selection process resulted
in the inclusion of more variables than one-tenth the
number of events, stepwise backward removal was con-
ducted. A list of all investigated and included/excluded
confounders is provided in Additional file 1. Sensitivity
analyses were performed, where all variables that might
be considered mediators, rather than confounders, were
removed. Sex-specific analyses including the variables
selected for all participants were also performed. These
analyses are presented in Additional file 1.

Following the selection of confounders, proportionality
of hazards was investigated through Schoenfeld resid-
uals. When time-dependent covariates were identified,
extended Cox regression models were used to evaluate
associations with mortality. The associations between
benzodiazepines and 2-year mortality were found to be
time dependent for men and for the full sample, which
made the Cox regression model unsuitable for these
analyses. Hence, all analyses of benzodiazepines were
split in two, with separate analyses of the first and sec-
ond vyears following baseline, after the investigation of
Kaplan—Meier curves and Schoenfeld residuals for these
time periods.

Interaction terms were created to further investigate
possible sex differences in mortality by multiplying the
sex variable by each dichotomous variable indicating use
of the studied drugs (sex * drug). Interaction terms con-
sisting of MMSE score and drug use were also used to
investigate whether the associations between psycho-
tropic drug use and mortality were dependent on cogni-
tive level (mmse * drug). These interaction terms were
then entered in the multivariate Cox regression models.
As the interaction term for MMSE score was non-
significant in all models (data not shown), the impact of
level of cognitive functioning on mortality was not in-
vestigated further.

Some variables had missing data, which was consid-
ered to constitute bias because it was associated with
higher morbidity and lower scores on several scales.
Hence, multiple imputation (20 sets) was conducted to
fill the gaps for the variables of GDS-15 score, MMSE
score, BMI, Barthel ADL index, and myocardial infarc-
tion >1 year before baseline. The proportions of missing
values for these variables ranged from 6.5 to 35.1%
(Table 1). Variables used as predictors in the imputation
model were those included in the Cox regression
models, those correlating with the variables to be im-
puted (r>=0.3), and those correlating with the presence
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of missing values for those variables (Additional file 1)
[47]. No restriction was set for the imputed values.

All mortality analyses were conducted on the original
data set and the data set completed through imputation.
The two sets of results for the main outcomes were
close to identical. The results presented in the present
paper, come from the imputed data set. All statistical
analyses and calculations were performed using IBM
SPSS Statistics software (version 23; IBM Corporation,
Armonk, NY, USA).

Results

Baseline data

The study population comprised 1037 people with de-
mentia aged >65 years (mean age, 89.4*6.2 years);
74.2% of participants were women and 47.1% died dur-
ing the 2-year follow-up period. Alzheimer’s disease was
the most common type of dementia, affecting 51.7%
of the population, followed by vascular dementia,
which had a prevalence of 38.4%. The most common
co-morbidities were depressive disorder (50.6%), recent
delirium (47.6%), and angina pectoris (35.7%).

The female participants in this study were slightly
older, had lower MMSE scores and Barthel ADL index
scores and used more drugs, specifically benzodiazepines
and analgesics, than did their male counterparts. Com-
parison of participants who were alive with those who
died during the 2-year follow-up period revealed larger
differences. A more detailed description of the partici-
pants can be found in Table 1.

Psychotropic drugs prescribed at the time of data col-
lection are listed in Table 2. Antidepressants were used
by 37.4% of the participants, antipsychotics by 22.2%,
and benzodiazepines were used by 39.0% of participants;
63.5% of participants used at least one drug from these
three groups. A smaller proportion (18.3%) had ongoing
treatment with anti-dementia drugs. Sex differences
were seen in the use of several types of benzodiazepines.

Fig. 2 shows the unadjusted Kaplan—Meier survival
curves. Results from the Cox proportional hazard regres-
sion models are presented in Table 3.

Antipsychotics

No association between baseline use of antipsychotics
and mortality was observed in any analysis. The inter-
action term for sex was not significant. No significant
difference in association with mortality was seen
between users of typical and atypical antipsychotics,
in the entire sample or among men or women (data
not shown).

Antidepressants
No association between antidepressant use and mortality
was seen in the univariate analysis or the fully adjusted
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Table 1 Participant characteristics

Total Men Women Alive Deceased

Al

n=1037 n=268 n=769 n=>549 n=488
Age 894+62 880+59 89.9+6.3% 879164 91.0+55*%
Sex, female 769 (74) 412 (75) 357 (73)
Deceased < 2 years 488 (47) 131 (49) 357 (46)
Medical conditions and diagnoses
Alzheimer's disease 536 (52) 135 (50) 401 (52) 309 (56) 227 (47)*
Vascular dementia 398 (38) 121 (45) 277 (36)* 196 (36) 202 (41)
Other dementia 137 (13) 31 (12) 106 (14) 68 (12) 69 (14)
Non-specified dementia 62 (6) 11 4) 51 (7) 30 (5) 32 (7)
Delirium, last month 494 (48) 126 (47) 368 (48) 221 (40) 273 (56)*
Depressive disorder 525 (51) 129 (48) 396 (51) 276 (50) 249 (51)
Angina pectoris 370 (36) 104 (39) 266 (35) 171 (31) 199 (41)*
Atrial fibrillation 213 (21) 66 (25) 147 (19) 98 (18) 115 24)*
Congestive heart failure 359 (35) 87 (32) 272 (35) 150 (27) 209 (43)*
Diabetes mellitus 165 (16) 55 (21) 110 (14)* 86 (16) 79 (16)
Hip fracture, ever 187 (18) 32(12) 155 (20)* 96 (17) 91 (19)
Malignant disease, ever 196 (19) 71 (26) 125 (16)* 100 (18) 96 (20)
Myocardial infarction, ever (12.2% imputed) 198 (19) 61 (23) 137 (18) 86 (16) 112 (23)*
Stroke, ever 257 (25) 78 (29) 179 (23) 124 (23) 133 (27)
Prescribed drugs
Antipsychotics 230 (22) 54 (20) 176 (23) 113 (21) 117 (24)
Antidepressants 388 (37) 94 (35) 294 (38) 203 (37) 185 (38)
Bensodiazepines 404 (39) 87 (32) 317 (41)* 205 (37) 199 (41)
Analgesics 691 (67) 154 (57) 537 (70)* 332 (60) 359 (74)*
Antiepileptics 47 (5) 13 (5) 34 (4) 27 (5) 20 (4)
Cholinesterase inhibitors 163 (16) 52 (19) 111 (14) 100 (18) 63 (13)*
Memantine 38 (4) 11 (4) 27 (4) 22 (4) 16 (3)
Number of prescribed drugs 77+38 72+39 79+38% 71+£36 84 +4.0%
Scales and measurements
Barthel ADL index (6.5% imputed) 120+6.1 13.2+59 116+62% 138+55 99+6.2*%
BMI (14.9% imputed) 252+49 254+43 251 £5.1 260£49 243 +4.8*
GDS-15 (35.1% imputed) 42+£30 4131 42+29 40+29 44 +3.1%
MMSE (14.2% imputed) 13.8+6.7 153+60 132+ 6.8* 155+6.1 11.8+6.8*

Notes: Results are presented as mean + standard deviation or as number (%). Group differences marked with * are statistically significant (p < 0.05). ADL Activities
of Daily Living, BMI Body Mass Index, GDS-15 Geriatric Depression Scale, 15-item version, MMSE Mini Mental State Examination

model for the entire sample. The interaction term for
sex was significant (p =0.047). Antidepressant use was
associated significantly with lower 2-year mortality in
men (HR, 0.61; 95% confidence interval [CI], 0.40-0.92),
but not in women.

Benzodiazepines, including Z-drugs

The use of benzodiazepines at baseline was associated
with increased mortality during the first year thereafter
in the unadjusted model (HR, 1.38; 95% CI, 1.08-1.77),

but not in the fully adjusted model. The unadjusted
model showed no association with mortality risk during
the second year, but the fully adjusted model revealed an
association between benzodiazepine use and decreased
mortality during this period (HR, 0.72; 95% CI,
0.54-0.96). The interaction term for sex was significant
for the first year (p =0.029), but not the second year
(p =0.964), after baseline. First-year mortality associated
with benzodiazepine use was elevated in men in the uni-
variate analysis (HR, 2.07; 95% CI, 1.29-3.32), but not in
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Table 2 Psychotropic drug use at baseline
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ATC-code Drug group Total Men Women
n=1037 n=268 n=769
NO5A-(NO5ANO1T) + NO5BBO1 + NO5CMO06 + RO6AD Antipsychotics and related (incl. PRN) 230 (22) 54 (20) 176 (23)
NO5A-(NO5SANO1T) + NO5BBOT + NO5CMO6 + RO6AD Antipsychotics and related (excl. PRN) 219 (21) 51 (19) 168 (22)
NO5A-(NOSANOT) Antipsychotics (incl. PRN) 175 (17) 37 (14) 138 (18)
NO5A-(NOSANOT) Antipsychotics (excl. PRN) 168 (16) 36 (13) 132(17)
NO5BBOT + NO5CMO6 + RO6AD Drugs related to antipsychotics (incl. PRN) 72 (7) 20 (7) 52 (7)
NO5BBO1 + NO5CMO06 + RO6AD Drugs related to antipsychotics (excl. PRN) 67 (6) 18 (7) 49 (6)
Typical antipsychotics (incl. PRN) 53 (5) 12 (4) 41 (5)
Typical antipsychotics (excl. PRN) 45 (4) 9(3) 36 (5)
Atypical antipsychotics (incl. PRN) 135 (13) 30 (1) 105 (14)
Atypical antipsychotics (excl. PRN) 132 (13) 30(11) 102 (13)
NO6A Antidepressants (No PRN use) 388 (37) 94 (35) 294 (38)
NO6AA Tricyclic antidepressants 14 (1) 3(1) 11(1)
NO6AB SSRIs 299 (29) 81 (30) 218 (28)
NO6AG MAO-inhibitors 10 0(0) 1(0)
NO6AX Other antidepressants 115 (11) 20 (7) 95 (12)*
NO6AX03 + NO6AX11 Tetracyclic antidepressants 89 (9) 17 (6) 72 (9)
NO6AX16 + NOBAX21 SNRIs 28 (3) 3(N 25 (3)
NO5BA + NO5CD + NO5CF + NO3AE BZD and Z-drugs (including PRN) 404 (39) 87 (32) 317 (41)*
NO5BA + NO5CD + NO5CF + NO3AE BZD and Z-drugs (excluding PRN) 304 (29) 60 (22) 244 (32)*
NO5BA Anxiolytics (incl. PRN) 161 (16) 26 (10) 135 (18)*
NO5BA Anxiolytics (excl. PRN) 99 (10) 14 (5) 85 (11)*
NO5CD + NO5CF Hypnotics, BZD and Z-drugs (incl. PRN) 312 (30) 69 (26) 243 (32)
NO5CD + NO5CF Hypnotics, BZD and Z-drugs (excl. PRN) 250 (24) 52 (19) 198 (26)*
NO5CD Hypnotics, BZD (incl. PRN) 74 (7) 20 (7) 54 (7)
NO5CD Hypnotics, BZD (excl. PRN) 64 (6) 16 (6) 48 (6)
NO5CF Hypnotics, Z-drugs (incl. PRN) 239 (23) 50 (19) 189 (25)*
NO5CF Hypnotics, Z-drugs (excl. PRN) 186 (18) 36 (13) 150 (20)*
NO3AE BZD derivatives (incl. PRN) 6 (1) 2 4(1)
NO3AE BZD derivatives (excl. PRN) 5(0) 1(0) 4(1)
Any psychotropic drug 659 (64) 159 (59) 500 (65)
BZD and antidepressants 186 (18) 38 (14) 148 (19)
BZD and antipsychotics 129 (12) 25 (9) 104 (14)
Antidepressants and antipsychotics 113 (11) 24 (9) 89 (12)
BZD, antidepressants and antipsychotics 65 (6) 11 (4) 54 (7)

Notes: Results are presented as number (%). Significant sex differences are marked with * (p < 0.05). The results of combinations of psychotropic drugs include
drugs related to antipsychotics and benzodiazepines. PRN Pro Re Nata (when needed), SSRIs Selective Serotonin Reuptake Inhibitors, MAO Monoamine Oxidase,

SNRIs Serotonin-Norepinephrine Reuptake Inhibitors, BZD Benzodiazepines

the fully adjusted model. No significant association was
seen for men during the second year or for women in any
model.

Discussion

In this study of old people with dementia, no association
was found between baseline psychotropic drug use and
increased 2-year mortality in fully adjusted models

including all participants. This is in contrast to recently
published registry studies [24, 26, 28, 35]. Significant sex
differences were found in mortality associated with the
use of antidepressant drugs and benzodiazepines.

Antipsychotics
The finding that antipsychotic use was not associated
with an elevated mortality risk in either analysis was not
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Fig. 2 Unadjusted Kaplan-Meier survival curves. Notes: Green lines signify people with ongoing drug treatment at baseline, whereas blue lines
signify non-users at baseline. Time, in days, is placed on the x-axis and cumulative survival on the y-axis. The analyses of antipsychotics and
benzodiazepines include related drugs, as described in methods

in line with previous research, most of which has shown
an increased risk of mortality [21-27]. A liberal defin-
ition of this drug group was used, but the results of sub-
group analyses of typical and atypical antipsychotics
remained consistent. In other studies, the increased risk
of mortality associated with the use of antipsychotics has
been shown to be more pronounced in approximately
the first month after treatment initiation [22, 24],
although a randomised placebo-controlled withdrawal
trial also showed increased long-term mortality in users
of antipsychotics [27]. As the baseline date was not set
in relation to the first ingested dose of a psychotropic
drug in the current study, we did not expect to observe
this effect of higher initial mortality; that period had
probably already passed for the majority of the partici-
pants on psychotropic medication. Conversely, all non-
users at baseline who started using psychotropic drugs
during the 2-year follow-up period would have been
subjected to this higher risk of fatal side effects, thereby
possibly increasing mortality rates in the non-user
groups. The side effects of antipsychotics, fatal and
otherwise, may be more likely to affect the frailest old

people with dementia, which may result in antipsychotic
treatment termination among those not tolerating treat-
ment. In our study, this factor could have resulted in a
healthy worker effect — a sampling bias in which those
defined as users of antipsychotics constituted a selected
group of more resilient individuals.

Antidepressants

The findings of this study with regard to antidepressants
contrast with those of recent registry studies of old
people [16, 26, 28, 35], two of which specifically investi-
gated people with dementia and all of which demonstrated
increased mortality associated with antidepressant drug
use. This difference could be explained in part by the
baseline date, which was not set according to the prescrip-
tion date, in the present study. Just as with antipsychotic
use, higher initial mortality has been shown to be associ-
ated with antidepressant use [16]. Another explanatory
factor could be the ability to adjust extensively for con-
founders in the present study, as the participants were
recruited from studies in which they had been assessed
thoroughly. Treatment with antidepressant drugs was
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Table 3 Cox proportional hazards regression models
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Model 1 Model 2 Interaction Term
HR 95% Cl HR 95% Cl
Antipsychotics (2 year mortality) sex*antipsychotics
All participants 1.16 0.94-143 091 0.73-1.14 p=0.962
Male participants 124 0.82-1.87 0.79 0.51-124
Female participants 1.15 0.90-1.46 0.90 0.70-1.15
Antidepressants (2 year mortality) sex*antidepressants
All participants 1.01 0.84-1.21 0.96 0.78-1.17 p=0.047
Male participants 0.96 067-1.37 061* 040-0.92
Female participants 1.03 0.84-1.28 1.09 0.87-1.38
Benzodiazepines (first-year mortality) sex*benzodiazepines
All participants 1.38% 1.08-1.77 113 0.86-1.47 p=0.029
Male participants 2.07* 1.29-3.32 1.37 0.77-2.45
Female participants 1.21 091-1.62 0.96 0.71-1.31
Benzodiazepines (second-year mortality) sex*benzodiazepines
All participants 0.95 0.73-1.24 0.72% 0.54-0.96 p=10.964
Male participants 0.90 0.51-1.59 0.81 045-145
Female participants 0.98 0.72-133 0.73 0.53-1.02

Notes: Analyses of antipsychotics and benzodiazepines include related drugs, as described in methods. Hazard ratios marked with * are statistically significant
(p < 0.05). HR Hazard ratio. CI Confidence interval. Model 1 shows the unadjusted, univariate associations between drug use and mortality. Model 2 includes all
available confounders, selected through the process described in the statistics section. Interaction Term shows the p-values for the respective interaction terms

applied to Model 2

associated with better survival for men, but not for
women. These results contrast with findings reported by
Ryan et al. [29], who observed an association between
antidepressant use and increased mortality in old men.
The characteristics of participants in the two studies, how-
ever, differ substantially, as Ryan et al. [29] did not exam-
ine people with dementia. Most antidepressant drugs have
the potential to alter the conductive properties of the
heart, giving rise to QT prolongation, an effect that is
more pronounced in women than in men [48]. This effect
can lead to potentially fatal arrhythmia (Torsade de
Pointes) [49]. Other antidepressants (NO6AX), including
mirtazapine and venlafaxine, which were used more fre-
quently by female participants in the current study, are
among those associated most strongly with increased
mortality in previous studies [16, 28]. These two condi-
tions, if also true in people with dementia, may lead to
more adverse effects of antidepressants in women, nullify-
ing the protective effects observed in men.

Benzodiazepines, including Z-drugs

A time-dependent association between mortality and the
use of benzodiazepines was observed in the present
study, resulting in separate analyses of the first and sec-
ond years after baseline. A tendency toward increased
mortality among benzodiazepine users during the first
year was observed, but the results were significant only
in univariate analyses. Sex differences were seen in

mortality, which was elevated in men, but this result was
significant only in the unadjusted analysis. Nevertheless,
the interaction term for sex was significant and sex dif-
ferences in mortality could possibly be moderated by
prolonged sleep apnea events induced by benzodiaze-
pines [50], which has been shown to increase the risk for
ischemic stroke in men, but not in women [51].

The fully adjusted models showed an association
between baseline use and lower second-year mortality.
As information on how many benzodiazepine users
became non-users, and vice versa, was not available, we
are quite uncertain of whether these results would be
reproduced in a study with a more controlled design. A
recent observational study of people with dementia
showed that about half of baseline benzodiazepine users
were still using the same medication 6 months later [3]. In
a registry study, Jennum et al. [35] found no association
between benzodiazepine use and mortality in people with
dementia, but they did not investigate sex differences.

Strengths and weaknesses

The majority (71%) of participants in this study were
included from a cohort with no exclusion criterion, and
the remaining participants were included from studies
that excluded those with severe dementia (<10 on
MMSE), but otherwise had few exclusion criteria. People
with all types and severities of dementia were included,
with the exception of home-dwelling people aged 65-85
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years, as the studies including the younger old were con-
ducted at nursing homes. Hence, the study sample
should be quite representative of old people with
dementia. Strong data on the clinical characteristics of
the participants was available, trained investigators
assessed most participants in person and reviewed all
medical charts, and a specialist in geriatric medicine
verified all diagnoses. In the current study, all data
except dates of death were collected only at baseline.
Therefore, it is difficult to distinguish between con-
founding factors and factors that are mediators of the
associations between drug use and mortality. However,
sensitivity analyses, with suspected mediators removed,
did not differ from our main results (Additional file 1).
Data on drugs were collected from lists of prescriptions
and verified by participants and/or their caregivers,
resulting in good knowledge of actual drug use. The
ability to analyse specific medications or different doses,
rather than groups of drugs, however, was limited by the
number of participants.

In our opinion, the most significant limitation of this
study is that we were not able to include the timeline of
drug use in the analyses. The dichotomisation of partici-
pants as users and non-users of the respective drugs was
performed according to baseline status. We lacked data
on the length of drug use before baseline and whether
use continued during the follow-up period. We also did
not know how many non-users at baseline became users
during the follow-up period. However, previous studies
in the same geographic regions have shown that the use
of psychotropic drugs, especially antidepressants and
antipsychotic, among old people with dementia is typic-
ally long term [3, 52].

Implications

Although no association between ongoing psychotropic
drug use at baseline and elevated 2-year mortality was
found, the clinical implications of the current study
should not be interpreted as if there is no increased risk
of death associated with the initiation of treatment with
psychotropic drugs in old people with dementia, as previ-
ous research has shown increased mortality soon after
initiation. One implication to be considered by researchers
is that the HRs were almost invariably reduced in the fully
adjusted models, compared with the less controlled
models. This finding implies that thorough consideration
of confounders is necessary when examining the impact
of psychotropic drug use on mortality in old people
with dementia. Our results also highlight the import-
ance of sex-specific analyses — at the very least, presen-
tation of sex-disaggregated results — as confounders, as
well as mortality, differed between men and women in
the current study.
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Conclusions

In this study of old people with dementia, we found less
pronounced associations between psychotropic drug use
and mortality than demonstrated in previous studies.
Our data were taken from four cohort studies in which
the participants were assessed thoroughly, in contrast to
previous research, much of which has been in the form
of registry studies. This distinction highlights the
importance of extensive investigation of confounders.
We found sex differences in mortality associated with the
use of antidepressants and benzodiazepines, highlighting
the need to account sufficiently for sex in future research.

Additional file

[ Additional file 1: Statistical procedures. (DOCX 90 kb) J
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