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Abstract
Introduction:  Incidence  rates  of  dementia-related  neuropsychiatric  symptoms  (NPS)  are not
known and  this hampers  the  assessment  of  their  population  burden.  The  objective  of  this  study
was to  obtain  an  approximate  estimate  of  the  population  incidence  and  prevalence  of  both
dementia and  NPS.
Methods:  Given  the  dynamic  nature  of  the  population  with  dementia,  a  retrospective  study  was
conducted  within  the database  of the  Basque  Health  Service  (real-world  data)  at  the beginning
and end  of  2019.  Validated  random  forest models  were  used to  identify  separately  depressive
and psychotic  clusters  according  to  their  presence  in  the  electronic  health  records  of  all  patients
diagnosed  with  dementia.
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Results:  Among  the  631,949  individuals  over  60  years  registered,  28,563  were  diagnosed  with
dementia,  of  whom  15,828  (55.4%)  showed  psychotic  symptoms  and  19,461  (68.1%)  depressive
symptoms.  The  incidence  of  dementia  in 2019  was  6.8/1000  person-years.  Most  incident  cases
of depressive  (72.3%)  and  psychotic  (51.9%)  NPS  occurred  in cases  of  incident  dementia.  The
risk of  depressive-type  NPS  grows  with  years  since  dementia  diagnosis,  living  in a  nursing  home,
and female  sex,  but  falls  with  older  age.  In  the  psychotic  cluster  model,  the  effects  of  male
sex, and  older  age  are inverted,  both  increasing  the probability  of  this  type  of  symptoms.
Conclusions:  The  stigmatization  factor  conditions  the  social  and  attitudinal  environment,
delaying  the  diagnosis  of  dementia,  preventing  patients  from  receiving  adequate  care  and  exac-
erbating  families’  suffering.  This  study  evidences  the  synergy  between  big  data  and  real-world
data for  psychiatric  epidemiological  research.
© 2021  SEP  y  SEPB.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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Estimación  de  la  epidemiología  de  la demencia  y los  síntomas  neuropsiquiátricos
asociados,  mediante  la aplicación  del  aprendizaje  automático  a los  datos  del  mundo
real

Resumen
Introducción:  Se desconocen  las  tasas  de incidencia  de los  síntomas  neuropsiquiátricos  (SN)
asociados  a  la  demencia,  lo  cual  dificulta  la  evaluación  de su  carga  para  la  población.  El objetivo
de este  estudio  fue obtener  una  estimación  aproximada  de la  incidencia  y  prevalencia  en  la
población  tanto  de  la  demencia  como  de  los SN.
Métodos:  Dada  la  naturaleza  dinámica  de la  población  con  demencia,  se  realizó  un  estudio
dentro de  la  base  de  datos  del  Servicio  Vasco  de Salud  (datos  del mundo  real)  a  comienzos  y
finales  de  2019.  Se  utilizaron  modelos  de bosques  aleatorios  validados  para  identificar  por  sep-
arado los  clústeres  depresivos  y  psicóticos,  con  arreglo  a  su  presencia  en  los  registros  sanitarios
electrónicos  de  todos  los  pacientes  con  diagnóstico  de  demencia.
Resultados:  Entre  los  631.949  individuos  mayores  de 60  años  registrados,  28.563  fueron  diag-
nosticados  de  demencia,  de  los  cuales  15.828  (55,4%)  mostraron  síntomas  psicóticos  y  19.461
(68,1%) síntomas  depresivos.  La  incidencia  de  la  demencia  en  2019  fue  de 6,8/1.000  personas-
años. Muchos  de  los casos  incidentes  de  SN  depresivos  (72,3%)  y  psicóticos  (51,9%)  se  produjeron
en casos  de  demencia  incidente.  El  riesgo  de  SN  de  tipo  depresivo  se  incrementa  con  factores
tales como  los años  transcurridos  desde  que  se  diagnostica  la  demencia,  la  residencia  en  un
sanatorio, y  el sexo  femenino,  pero  desciende  con  la  edad  avanzada.  En  el  modelo  de  clúster
psicótico,  los  efectos  del sexo  masculino  y  la  edad  avanzada  se  invierten,  incrementando  ambos
la probabilidad  de  este  tipo de síntomas.
Conclusiones:  El factor  de  estigmatización  condiciona  el  entorno  social  y  actitudinal,  demor-
ando el  diagnóstico  de  la  demencia,  impidiendo  que  los  pacientes  reciban  los cuidados
adecuados,  y  exacerbando  el sufrimiento  de las  familias.  Este  estudio  evidencia  la  sinergia  entre
los grandes  datos  y  los  datos  del  mundo  real  para  la  investigación  epidemiológica  psiquiátrica.
© 2021  SEP  y  SEPB.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

Dementia  is  a  progressive  disease  whose  expression  in cog-
nitive,  behavioural,  and  functional  dimensions  changes  over
time.1 Among  them,  the behavioural  component  measured
in  terms  of  care  required  for  neuropsychiatric  symptoms
(NPS)  and  disruptive  behaviours  places  the  greatest  bur-
den  on  caregivers.2 The  dynamic  nature  of  dementia  means
that the  prevalence  of  NPS  varies  enormously  depending  on
the  origin  of the  sample  (community  or  institution),  subtype
(Alzheimer’s  disease  or  vascular  dementia),  and  the time
since  onset  of  the condition.3 Furthermore,  most  studies

have  analyzed  small  samples  that  are not representative  of
populations.4 Nonetheless,  the  existing  evidence  indicates
that  the  prevalence  increases  as  dementia  progresses  and
that  almost  all  patients  experience  some  form  of  NPS  at
some  point in the  course  of  the disease.5

While  the literature  on  the prevalence  of  NPS  is
abundant,2---6 there  is  a paucity  of  data  on incidence.  As
for  dementia,  however,  estimating  the incidence  of  NPS
requires  efforts  to  diagnose  them  over time  through  serial
cross-sectional  studies.7---10 While  cohort  studies  require
contact  with  the  sample  each time  data  are gathered,  pop-
ulation  registries  based  on  real-world  data  (RWD)  allow
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us  to  efficiently  obtain  automated  and  repeated  infor-
mation  whenever  needed  for  psychiatric  epidemiological
research.11,12 The  lack  of  recording  of  specific  NPS  codes
in  electronic  medical  records  (EHRs)  is  a  barrier  to  under-
standing  their epidemiology  but  this  can  be  overcome  by
using  machine  learning  tools to  predict  them.13,14 Although
predicting  them  cannot  be  deemed  the  same  as  the symptom
assessment  achieved  using scales  such as  the Neuropsychi-
atric  Inventory  (NPI),15 it  provides  an approach  that  can  be
used  to  monitor  their  incidence  and  prevalence  in  entire
populations  over  time.14 Though  NPS  are varied,  authors
have  attempted  to cluster  them into  distinct  groups  that
predictive  models  should  take  into  account.2,5 In  general,
four  groups  are  distinguished:  psychotic  symptoms,  depres-
sive  state,  apathy,  and  agitation5;  and  these  can  be  reduced
to  two  clusters  by  summing  psychotic  symptoms  and agita-
tion,  on  the one  hand,  and  depressive  symptoms  and  apathy,
on  the  other.12,14

The  objective  of  this  study  was  to  obtain  an  approximate
estimate  of  the  incidence  and  prevalence  of  dementia  and
associated  NPS  in a  population  database  covering  the  whole
population  of  the Basque  Country  (2.2 million).

Methods

Design

Given  the dynamic  nature of  populations  with  specific
health  problems,  to  measure  the  incidence  and  prevalence
of dementia  and dementia-related  NPS,  we  conducted  a
retrospective  study  with  two  cross-sectional  datasets  (31
December  2018  and 2019).  By  ‘‘dynamic  population’’,  we
mean  one  in which  the  members  vary over time  with  indi-
viduals  entering  or  leaving  as  a  function  of  the occurrence
of  events.16

Data  were  obtained  from  the  organization-wide  database
of  the  Basque  Health  Service,  called  Oracle  Business  Intel-
ligence  (OBI),  which  stores  anonymized  administrative  and
clinical  records  from all primary  care,  hospitalization,  emer-
gency  care,  and  outpatient  consultations.8,12 The  study
protocol  was  approved  by  the Ethics  Committee  for  Clinical
Research  of  the Basque  Country  (with  registration  number
PI2018143,  EPA-OD).

Patients

Cases  of  dementia  were  identified  by  searching  data  in
OBI  on  31  December  2018  and  31  December  2019  for codes
for  this  condition  from  the  International  Classification  of
Diseases,  9th  and 10th  Editions;  this procedure  has  been
shown  to  be  adequate,  achieving  a positive  predictive
value  of  95.1%,  negative  predictive  value  of  99.4%,  sen-
sitivity  of  80.2%,  and  specificity  of  99.9%.8 Within  the
scope  of NPS,  we  differentiated  between  a depressive
cluster  (depression,  anxiety,  and  apathy)  and a  psychotic
cluster  (aggressiveness,  irritability,  restlessness,  screaming,
delusions  and  hallucinations).14 As  a  way  of  approximately
identifying  NPS, we  used  two  predictive  algorithms  based
on  random  forest  machine  learning  which indicates  whether
the  clinical  notes  from  EHRs  of  people  with  dementia
contain  mention  of  psychotic  or  depressive  symptoms.  The

final predicted  outcome  is  the result  of  combining  all the
variables  included.  An  advantage  of using a random  forest
algorithm  is that  it  provides  the  weight  of  each  variable  in
the  classification  of  individuals  as  having  NPS  symptoms  or
not.  The  most  important  variables  in the  model of  psychotic
symptoms  were  the use  of  risperidone,  level  of  sedation,  use
of  quetiapine  or  haloperidol,  and number  of antipsychotics
prescribed.  In  the  depressive  symptoms  model,  the  most
important  variables  were  the  number  of  antidepressants
prescribed,  use  of  escitalopram,  level  of sedation,  and  age.
The  validation  of this procedure  showed  areas  under  the
receiver  operating  characteristic  curve  of 0.80.14

Variables

The  following  variables  were  considered:  age,  sex,  insti-
tutionalization  status  (whether  the  patient  was  living  in
a  nursing  home  or  similar),  time  since  dementia  diagno-
sis,  concomitant  diagnoses  (diabetes  mellitus,  hypertension,
dyslipidaemia,  thyroid  disease,  Parkinson’s  disease,  cere-
brovascular  accident,  cardiovascular  disease,  head  injury,
depressive  disorder,  and  psychotic  disorder),  and  pharma-
cological  treatment.  Since  the  NPS  identification  algorithms
use  medications  among  other  components,  the data  col-
lected  from  the pharmacological  registry  included  the
following  subgroups  of the Anatomical  Therapeutic  Chemical
Classification  System:  N06D  (donepezil,  rivastigmine,  galan-
tamine,  and memantine),  N06A  (antidepressants),  N05A,
and NO6C  (antipsychotics).  Not only all  prescriptions  but
also  changes  in  prescriptions  were  recorded.  The  level  of
sedation  produced  by  each  drug was  classified  (0:  none;  1:
minimal;  2: mild;  3:  moderate;  or  4: deep)  according  to
Table SM1  in the supplementary  material.14

To  be characterized  as  an incident  case,  in the case
of  both  dementia  and  NPS,  the rule  applied  was  that a
patient  changed  from  not  being  diagnosed  at the  cut-off  of
31  December  2018  to  meeting  the diagnostic  criteria  for  the
condition  in 2019.

Statistical  analysis

All  statistical  and  random  forest  processing  and analysis
were  performed  using  R  version  3.6.0.  First,  cases  with
depressive  and psychotic  NPS  were  identified.  It was  also
analyzed  whether  the cases  from  2018  were  still  alive  in
2019  and  whether  the cases from  2019  were  present  in 2018.
In  this  way,  the cases  of dementia  and NPS  were  classified
into  four groups:  alive  in  2019  and  diagnosis  already  present
in  2018; alive  in 2019  and  diagnosis absent  in 2018;  dead  in
2019  and  diagnosis  already  made  in 2018;  and dead  in 2019
and  diagnosis  absent  in 2018.

The  dementia  cases  identified  as  of  31  December  2019
that  were  not  present  in  the  2018  dataset  were  used  as  the
numerator  of  the incidence  of  dementia.  To calculate  the
rate  per  1000  person-years,  the  denominator  was  estimated
with  the population  in  2018 from which we  subtracted  the
years  of observation  lost due  to  deaths  and the  cases  of
dementia  already  identified  in 2018.  It  was  assumed  that
both  events  occurred  uniformly  throughout  the year,  and
hence,  they  were  assigned  a duration  of  0.5 years.
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To  estimate  the  prevalence  and  incidence  of dementia-
related  NPS,  the two  random  forest  algorithms  were  applied
to  each  dataset  to identify  cases  on 31  December  2018
and  2019.  Their  prevalence  disaggregated  by  age on  31
December  2019  was  calculated  by  dividing  the number
of cases  of dementia-related  NPS  by  the total  number  of
cases  of dementia.  To  measure  the  incidence  rate  per  1000
person-years,  the exposed  population  and  observation  time
determined  the  denominator.  This  included  the population
with  dementia  in 2018,  having  subtracted  the cases  with  NPS
diagnosed  before  31  December  2018, and the  deaths  during
2019  set  to have  been  observed  at  0.5  years.  In addition,  the
observation  time  associated  with  the  dementia  cases  inci-
dent  during  that  year  (2019),  and  not,  therefore,  present  in
the  2018  dataset,  was  added  to the  denominator.  As  these
incident  cases  occur  throughout  the  year, the  diagnosis  was
set  to  have  been  observed  at  an average  of  0.5  years.16

The  cases  identified  as  of  31  December  2019  that  were  not
present  in  the 2018  dataset  were used as the numerator  in
the  NPS  incidence  calculation.  The  calculation  of  the  inci-
dence  and  prevalence  of  dementia  and dementia-related
NPS  is  fully  described  in the  supplementary  material.

Logistic  regression  models  were  used  to  investigate  the
relationship  between  the  diagnosis  of  dementia  and  the
probability  of  NPS,  taking  presence  of  NPS  as  the depen-
dent  variable  and  time  since  the  diagnosis  of dementia  as
the  independent  variable.  Adjustment  covariates  included
age,  sex,  and  living  in  a nursing  home.

Results

From  the  631,949  individuals  over  60  years  registered  in the
Basque  Health  Service  database  and  alive  on  31  December
2019,  28,563  had  a  diagnosis  of  dementia.  Their  character-
istics  are  summarized  in Table 1.  They  had  a  median  age  of
85  years  and  had  been diagnosed  a  median  of  4  years  ear-
lier,  while  70%  were  women,  24%  lived  in nursing  homes,  and
a  third  had been  diagnosed  by  neurologists.  The  psychotic
cluster  was  observed  in 55.4%  of  cases  and  the depressive
cluster  in  68.1%.

The  same  table (Table 1)  shows  the dynamic  compo-
nents  of  the  populations  diagnosed  with  dementia  and  with
dementia  and  psychotic  or  depressive  NPS.  The  incidence  of
NPS  has  been  disaggregated  by  whether  dementia  was  diag-
nosed  that  same  year  or  in previous  years.  It  is  striking  that
72.3%  and  51.9%  of  incident  cases  of depressive  NPS  and  psy-
chotic  NPS  respectively  occur  in individuals  diagnosed  with
dementia  in the same  year.  Nonetheless,  most  of the cases  of
dementia  (85.9%)  and dementia  with  psychotic  NPS  (80.0%)
or  depressive  NPS  (82.8%)  on  31  December  2019  were  from
the  prevalent  cohort  composed  of those  already  diagnosed
with  dementia  before  31 December  2018.

The  prevalence  and  incidence  of dementia  by  age  group
appear  in  Table  2,  Figs.  1  and  2, and Tables  SM2  and  SM3
with  confidence  intervals.  Both increase  exponentially  with
age  until  the  oldest  group  (over  90  years  of  age),  in which
the  incidence  was  25  cases  per  1000  person-years  and  preva-
lence  21.3%.  Figs. 1  and 2 show comparisons  with  the  results
in  the  literature  on  the prevalence  and  incidence  of  demen-
tia  by  age  group.

The  prevalence  of  NPS  remains  stable  with  age  up  to
85  years,  with  rates  of  over  70%  in the  depressive  cluster
and  over  50%  in the  psychotic  one  (Table  2, Fig.  3, and
Tables  SM4  and  SM5  with  confidence  intervals).  From that
age,  the  prevalence  of  the psychotic  type  increases  and  that
of  depressive  type decreases.  The  incidence  of psychotic-
type  NPS  also  increases  steadily  with  age,  exceeding  60  cases
per  100  person-years  over  90  years.  In  contrast,  the distri-
bution  of  the  incidence  of  the depressive  cluster  shows  a
peak  between  75  and  80  years  of  age,  decreasing  in the  old-
est  groups  (Table 2,  Fig.  3,  and  Table  SM4 with  confidence
intervals).  While  the  percentage  of  patients  with  demen-
tia  using  the most common  antidepressant  drug (trazodone)
increases  with  age,  the use  of  escitalopram  decreases  in
over-85-year-olds  (Table  SM6).

The  risk  of  depressive-type  NPS  grows  with  years  since
dementia  diagnosis,  living  in a nursing  home,  and  female
sex,  but  falls  with  older  age  (Table  3).  In  the  psychotic
cluster  model,  the  effects  of male  sex  and  older  age are
inverted,  both  increasing  the probability  of  this  type of
symptoms  (Table  3).

Discussion

Our  study  presents,  for  the  first  time,  the  incidence  rates
of  dementia-related  NPS  through  a comprehensive  analysis
of  the whole  population  with  dementia  and  considering  the
dynamic  nature  of  their  epidemiology  in a  region  of  2.2  mil-
lion  inhabitants.  Understanding  the actual  burden  that  NPS
represent  requires  placing  these  symptoms  in the  context  of
all  the individuals  with  dementia.  That  is, generating  real
world  evidence  from  analysing  RWD.10

Most  NPS  prevalent  cases come  from  patients  diagnosed
with  dementia  in previous  years,  given the relationship  of
NPS  with  the progression  of  the  disease.3 Nonetheless,  it is
noteworthy  that  new  diagnoses  of dementia  and  NPS  appear
in  the same  year  in more  than  50%  of  cases.  Our  explanation
for  this  ‘‘anomaly’’  is  that  NPS  act  as  a trigger  for contact
with  the health system  in patients  with  dementia.  While  the
progression  is  limited  to  the  cognitive  dimension,  families
tend  to  keep  patients  at home,  managing  their  needs  with-
out  medical  support.  Further,  in societies  with  traditional
family  models,  such as  the Basque  Country,  there  are  barri-
ers to  early  recognition  of  dementia  due  to  its  stigmatizing
nature,17 that  is,  being  diagnosed  with  dementia  is  linked  to
a  devalued  social  identity.17 The  stigmatization  factor  con-
ditions  the  social  and  attitudinal  environment,  delaying  the
diagnosis,  preventing  patients  from  receiving  adequate  care
and  exacerbating  families’  suffering.17,18 Nonetheless,  when
NPS  appear,  families  tend  to  give  up,  due  to  the  associated
stress,  and  seek  social  and health  care  for the  patient,  this
enabling  the  registration  of  the dementia  code  in the EHR.
At  the same  time,  NPS  are often  written in the EHR  notes
but  without  including  their  specific  codes.  This  does  not  pre-
vent  them  from  being  treated  pharmacologically,  however,
and  hence,  it possible  to  use  machine  learning  algorithms  to
identify  them.14

The  estimated  incidence  rate  of  dementia  by  age group
in our  study  is  almost  the same  as  that in other  studies
also  carried  out  using  RWD, by Ponjoan  et al.  in the  Cata-
lan  population,  van  Bussel  et  al.  in  the Dutch  population,
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Table  1  Characteristics  of patients  diagnosed  with  dementia  and  neuropsychiatric  symptoms  on  31  December  2019.

Dementia  Psychotic  cluster  Depressive  cluster
N =  28,563  N  =  15,828  (55.4%)  N =  19,461  (68.1%)

Gender:  female  20,110  (70.4%)  10,722  (67.7%)  14,367  (73.8%)
Age 85.0  [79.0;89.0]  86.0  [80.0;90.0]  84.0  [79.0;88.0]
Living in  a  nursing  home  6,920  (24.2%)  5,458  (34.5%)  5,213  (26.8%)
Dementia diagnosis  in  neurology  clinics  9,429  (33.0%)  5,501  (34.8%)  6,599  (33.9%)
Years since  dementia  diagnosis,  median  [IQR]  4.00  [1.00;7.00]  4.00  [2.00;7.00]  4.00  [2.00;7.00]
Arterial hypertension  17,043  (59.7%)  9,417  (59.5%)  11,521  (59.2%)
Diabetes 7,159  (25.1%)  3,974  (25.1%)  4,613  (23.7%)
Dyslipidaemia  14,526  (50.9%) 7,633  (48.2%) 10,388  (53.4%)
Thyroid disease 5,494  (19.2%) 2,868  (18.1%) 3,957  (20.3%)
Parkinson’s disease 1,736  (6.08%) 1,369  (8.65%) 1,412  (7.26%)
Stroke 8,729  (30.6%)  4,751  (30.0%)  5,887  (30.3%)
Cardiovascular  disease  5,678  (19.9%)  3,474  (21.9%)  3,783  (19.4%)
Traumatic brain  injury  5,534  (19.4%)  3,524  (22.3%)  4,025  (20.7%)
Antipsychotic  treatment  16,843  (59.0%)  14,132  (89.3%)  12,552  (64.5%)
N. antipsychotic  treats  1.00  [1.00;2.00]  1.00  [1.00;2.00]  1.00  [1.00;2.00]
Changes from  antipsychotic  to  antidepressant

No  changes  3,200  (11.2%)  2,311  (14.6%)  1,250  (6.42%)
Some change  13,643  (47.8%)  11,821  (74.7%)  11,302  (58.1%)
No medication  11,720  (41.0%)  1,696  (10.7%)  6,909  (35.5%)

N. changes  from  antipsychotic  to  antidepressant  2.00  [1.00;2.00]  2.00  [1.00;3.00]  2.00  [1.00;3.00]
Antidepressant treatment  21,313  (74.6%)  13,057  (82.5%)  18,167  (93.4%)
N. antidepressant  treats.  1.00  [1.00;2.00]  2.00  [1.00;2.00]  2.00  [1.00;2.00]
Changes from  antidepressant  to antipsychotic

No  changes  9,413  (33.0%)  2,539  (16.0%)  7,747  (39.8%)
Some change  11,900  (41.7%)  10,518  (66.5%)  10,420  (53.5%)
No medication  7,250  (25.4%)  2,771  (17.5%)  1,294  (6.65%)

N. changes  from  antidepressant  to  antipsychotic  2.00  [1.00;3.00]  2.00  [1.00;3.00]  2.00  [1.00;3.00]
Sedation level

None  6,699  (23.5%)  405  (2.56%)  3,053  (15.7%)
Minimal 1,822  (6.38%) 111  (0.70%)  786  (4.04%)
Mild 10,224  (35.8%)  5,656  (35.7%)  7,618  (39.1%)
Moderate 9,589  (33.6%) 9,430  (59.6%)  7,793  (40.0%)
Deep 229  (0.80%) 226  (1.43%) 211  (1.08%)

Dynamic features  Dementia  Psychotic  cluster  Depressive  cluster

Prevalence  (31/12/2018)  28,474  15,460  18,687
Prevalent cohort  (31/12/2019)  24,535  12,667  16,106
Mortality (2019)  3,939  2,793  2,581
Incidence (2019)  4,028  3,161  3,355
Dementia  diagnosis  pre-2019  1,520  (48.1%)  929  (27.7%)
Dementia  diagnosis  2019  1,641  (51.9%)  2,426  (72.3%)

N.: number of; prevalent cohort: cases already diagnosed in 2018.

and  Perera  et  al.  in various  European  populations.7,19,20 As
would  be expected,  a  collaborative  study  with  population
cohort  design  yielded  higher  figures.9 The  comparison  of the
dementia  prevalence  by  age  group  found  in our  study  with
that  in  the  literature  shows  heterogeneous  results.  Although
our  estimated  figures exactly  match  values  obtained  in the
Catalan  population,19 it is  higher  than  that  obtained  in
the  group  of  European  populations.7 This  less  satisfactory
comparison  of the  prevalence  may  be  due  to  databases
used  in  these  other  studies  being  from  PC  or  hospital
settings,  while  ours  includes  PC,  hospitalization,  and  outpa-
tient  databases  to identify  cases  of  dementia.  In  contrast,

in  population-based  studies,  the prevalence  of  dementia
reached  significantly  higher  figures.21,22 This  underreporting
of  dementia  in clinical  databases,  especially  in age  groups
older  than  85  years,  is  explained  by the trivialization  of
symptoms  of cognitive  decline  in advanced  ages  and their
attribution  to  normal  ageing.  The  consistency  found  when
comparing  our  dementia  epidemiology  indicators  with  those
of  other  RWD studies  supports  the  validation  of the  inci-
dence  and  prevalence  figures  for depressive  or  psychotic
NPS  derived  from  them.  Since  no  such  RWD  studies  estimat-
ing  NPS  incidence  are  available,  it was  not  possible  to  make
comparisons  with  the literature.
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Table  2  Incidence  in 2019  and  prevalence  (on  31  December  2019)  of  dementia  and  neuropsychiatric  symptoms  by age  group.

Age  group  Population  Dementia
prevalence

(%)  Prevalence
psychotic
NPS

(%)  Prevalence
depressive
NPS

(%)

Total  631,949  28,563  4.5 15,828  55.4  19,461  68.1
[60;65) 145,211  383  0.3 204  53.3  302  78.9
[65;70) 127,039  776  0.6 403  51.9  584  75.3
[70;75) 117,218  1,938  1.7 981  50.6  1,428  73.7
[75;80) 84,954  4,047  4.8 2,019  49.9 3,068  75.8
[80;85) 72,987  6,485  8.9 3,301  50.9 4,860  74.9
[85;90) 54,553  8,536  15.6  4,776  56.0  5,662  66.3
[90;105) 29,987  6,398  21.3  4,144  62.7  3,557  58.1

Age group  Person-
years

Dementia
incidence

IR/1000
person-
years

Incidence
psychotic
NPS

IR/100
person-year

Incidence
Depressive
NPS

IR/100
person-year

Total  593,486  4028  6.8  3,161  24.5  3,355  36.3
[60;65) 144,079  54  0.4  32  9.6  48  31.6
[65;70) 125,316  123  1.0  87  15.2  106 35.4
[70;75) 113,731  413  3.6  248  17.5  342 44.8
[75;80) 79,419  756  9.5  504  20.3  698 59.8
[80;85) 62,998  1028  16.3  697  17.3  820 35.3
[85;90) 44,710  1068  23.9  919  31.0  840 29.9
[90;105) 23,234  586  25.2  674  60.8  501 28.8

NPS: neuropsychiatric symptoms; IR: incidence rate.

Figure  1  Prevalence  of  dementia  by  age  group  compared  with  the  literature.

Table  3  Effect  of  time  since  dementia  diagnosis  on  the  probability  of  identification  of  neuropsychiatric  symptoms.

Psychotic  cluster  identification  Depressive  cluster  identification

OR  2.5%  (OR)  97.5%  (OR)  OR  2.5%  (OR)  97.5%  (OR)

Intercept  0.23  0.17  0.30  246.52  178.18  341.83
Years since  dementia  diagnosis  1.03  1.02  1.04  1.03  1.03  1.04
Age 1.02  1.02  1.02  0.94  0.93  0.94
Women 0.63  0.59  0.66  1.90  1.80  2.01
Living in  a  nursing  home  3.87  3.62  4.13  1.74  1.63  1.86

OR: odds ratio.
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Figure  2 Incidence  of  dementia  by  age group  compared  with  the  literature.

Figure  3  Incidence  in  2019  and  prevalence  (on  31  December  2019)  of  neuropsychiatric  symptoms  by  age  group.

The  NPS  prevalence  rates  we  have  estimated  are  within
the  ranges  observed  in cohort  studies.2,6 On the other  hand,
the  studies  we  found  on  the incidence  of  NPS  did  not allow
comparison  by  age  group.23 Possibly  this lack  of  incidence
data  is due  to  the  small sample  sizes  in studies  on  NPS.  In
a  systematic  review,  Borsje  et  al. analyzed  the  course  of
NPS,  finding  that  the  studies  were based on  a mean  of  312
patients.24 A strength  of  our  work  is that  we  have  taken
into  account  the dynamic  nature  of  the  database  through  a
comprehensive  epidemiological  design  in a population  of  2.2
million,  including  631,949  people  over 60  years  of  age.8 The
population  design  includes  both  individuals  living  at home
and  those  living  in  nursing  homes,  providing  clinical  informa-
tion  from  all  inhabitants.  Notably,  20%  of  the  population  in
our  region  receives  care  through  the private  health  system
because  they  have  double  insurance  coverage  (public  and
private).  Nonetheless,  all  patients  with  dementia  receive
their  medication  from  the  public  system  because  their  pri-
vate  insurance  does  not cover  pharmacy  services.

The  main  weakness  of  our  approach  is  that  it does not
allow  analysis  of  the  characteristics  of  symptoms  other

than  distinguishing  between  the depressive  and  psychotic
clusters.14 For  the sake  of  clarity,  herein,  we  have  used  the
same  term  (NPS)  both  for  the  outcome  of  the  predictive  algo-
rithm  (presence  in EHR  clinical  notes) and  that  of  validated
scales  (NPI).  We  acknowledge  that  the  two  outcomes  are  not
the  same,  and  that  sensitivity  and  descriptive  depth,  though
not  specificity,  are  improved  by  using  questionnaires  such
as  the NPI15 designed  for  clinical  practice  that proactively
search  for  the presence  of  12 symptoms.14 Moreover,  our
algorithm  searches  for  any  previous  prescriptions  recorded
in  the EHR,  not  only  for  currently  active prescriptions,  as  we
wanted  to  identify  patients  that  had  experienced  NPS  at  any
point.  The  two  approaches  are not  alternatives  but  rather
complimentary,  as  they  address  different  aims  (clinical  and
epidemiological).  Nonetheless,  it is  not  feasible  to  admin-
ister  instruments  like  the  NPI  to  a population  of  more  than
28,000  patients  with  dementia  every  year. Addressing  NPS  in
terms  of  public  health  is  only  possible  by  applying  big  data
tools  to  population  databases  such  as  those  derived  from
EHRs.13,25 But  this  approach  requires  measuring  the error
incurred,  first,  in  the  identification  of  dementia  cases,8 and,
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second,  when  we  applied  the  random  forest  algorithm  to
predict  NPI.14

The  profiles  of  the two  clusters  correspond  to  what  could
be expected  according  to  the literature,  namely,  a  higher
prevalence  of  the  depressive  than the psychotic  type.6,12

The  association  of  the psychotic  cluster  with  dementia  is
relatively  easy  to  interpret  since  both  its  incidence  and its
prevalence  unequivocally  increase  with  older  age  and  male
sex,  indicating  that  psychotic  symptoms  are an  expression
of  dementia.  In contrast,  the  relationship  of  the depressive
cluster  with  dementia  and  age  follows  a course  that  is  com-
plex  to  interpret,  as  already  described  in  the literature.26

Whether  depression  is a  risk  factor  or  a  consequence  of
dementia  is a matter  of  debate.26,27 The  design  of our
study  allows  us to  indicate  that  both  conditions  are closely
associated,  but  we  are unable  to  draw  conclusions  about
causality.28,29 What we  can  ascertain  is  that  they  are reg-
istered  in clinical  databases  at the same  time  in a  very
high  percentage  of  cases.  An  excess  mortality  risk  associ-
ated  with  depression  and the  lower  incidence  could  explain
the  lower  prevalence  in dementia  patients  older  than  85
years.  On the  other  hand,  observational  studies  have  consis-
tently  pointed  out  that  older  patients  are,  in  general,  more
likely  to  be  prescribed  with  antidepressants.30 The  explana-
tion  may  lie  in  the different  meaning  of  being  identified  by
the  predictive  model  and  the  use  of  antidepressant  treat-
ment  in general,  drugs  that  cause  drowsiness  like  trazodone
and  mirtazapine  often  being  used as  hypnotics  rather  than
antidepressants.  As  our  results  also  evidenced  (Table  SM6),
these  two  drugs  are  currently  the  antidepressants  most con-
sumed  by  patients  with  dementia  in  our  setting  and their
prescribing  rates  increase  with  age.  On the  contrary,  the
percentage  of  patients  using  escitalopram  is  lower  in over-
85-year-olds.  Consistent  with  this,  at that  age,  the  incidence
of  depressive  NPS  is  lower,  its main  drivers  being  use  of
escitalopram  and multiple  changes  of  antidepressant.14

In  conclusion,  in this study,  we have  found  a  notably  high
prevalence  and incidence  of  NPS,  with  different  age  and  sex
patterns  for  the depressive  and  psychotic  clusters,  a cor-
relation  between  incident  cases  of  dementia  and  NPS,  and
an incidence  of  dementia  measured  in RWD  consistent  with
that  in  the  literature.  Our  results  evidence  the benefit  of
merging  big  data  and  RWD  tools,  to  address  the  challenge
of  quantifying  the behavioural  dimension  of  dementia  in
epidemiological  terms.
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