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Abstract

Background Healthcare use patterns preceding a diagnosis of Alzheimer’s Disease and Related Diseases (ADRD) may
be associated with the quality of healthcare use trajectories (HUTs) after diagnosis. We aimed to identify determinants
of future favorable HUTs, notably healthcare use preceding ADRD identification.

Methods This nationwide retrospective observational study was conducted on subjects with incident ADRD identi-
fied in 2012 in the French health insurance database. We studied the 12-month healthcare use ranging between 18
and 6 months preceding ADRD identification. The five-year HUTs after ADRD identification were qualified by experts
as favorable or not. In order to take into account geographical differences in healthcare supply, we performed mixed
random effects multilevel multivariable logistic regression model to identify determinants of future favorable HUTs.
Analyses were stratified by age group (65-74, 75-84, > 85).

Results Being a woman, and preventive and specialist care preceding ADRD identification increased the probability
of future favorable HUT, whereas institutionalization, comorbidities, medical transportation and no reimbursed drug
during [-18;-6] months decreased it. Besides, some specificities appeared according to age groups. Among the 65-74
years subjects, anxiolytic dispensing preceding ADRD identification decreased the probability of future favorable
HUT. In the 75-84 years group, unplanned hospitalization and emergency room visit preceding ADRD identification
decreased this probability. Among subjects aged 85 and older, short hospitalization preceding ADRD identification
increased the probability of future favorable HUTSs.

Conclusion Regular healthcare use with preventive and specialist care preceding ADRD identification increased
the probability of future favorable HUTs whereas dependency decreased it.
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Background
Over 55 million people suffer from Alzheimer’s Disease
and Related Diseases (ADRD) worldwide [1]. ADRD
symptoms are based on cognitive decline and func-
tional impairment, with possible fleeting behavioral
and psychological symptoms of dementia (BPSD) [2].
A timely diagnosis is recommended to ensure an effec-
tive medical management [3]. However, ADRD diagno-
sis may be complicated by various reasons, including
difficulties to access care, stigma and fatalism from
both health professionals and patients [4]. Late ADRD
diagnosis may lead to unfavorable outcomes [5], such
as avoidable emergency care, or non-recommended
benzodiazepine use. On the contrary, regular health-
care use is recommended to manage the large variety
of ADRD symptoms [6], while ensuring a medical fol-
low-up of other concomitant comorbidities. However,
literature investigating factors associated with favora-
ble or unfavorable trajectories studied through several
dimensions of healthcare use, and during long follow-
up periods is scarce. Although some studies investi-
gated this aspect, they often focused only on a portion
of healthcare use (drug dispensing, hospitalization)
[7-14]. To our knowledge, none studied the association
between healthcare use preceding ADRD identification
and future healthcare use trajectories (HUTs). Hence,
identifying which healthcare use preceding ADRD
identification could be more prone to future favorable
HUTs is of interest.

Thus, we aimed to study the determinants of future
favorable HUTs, including healthcare use preceding
ADRD identification.

Methods

Data source

We used data from the FRA-DEM cohort, an open
dynamic cohort gathering all subjects identified with
incident ADRD since 2011 in the French health insur-
ance database (‘Systeme National des Données de Santé,
SNDS) (Data Protection French Authority (CNIL)
authorization N°1,631,786-DE-2013-037). A wide vari-
ety of questions were addressed through the study of
data from this national cohort [15-18]. All reimbursed
healthcare uses are recorded in the SNDS: ambulatory
care, hospital care (with diagnosis), drug dispensing.
The SNDS also contains a Long-Term Disease (LTD)
registry, which gathers medically confirmed chronic
conditions and allows full coverage for related health-
care use. All these information are linked in an anony-
mous way, and the RESID-EHPAD database providing
data regarding Nursing Home (NH) stays [19] was also
provided for the FRA-DEM cohort. In the FRA-DEM
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cohort, subjects with incident ADRD are identified
if they met at least one of the three following crite-
ria: (1) two reimbursements of anti-dementia drugs
(anticholinesterase inhibitors or memantine) during
the year, (2) ADRD hospital diagnosis (ICD-10 codes:
“F00-F03" “G30% “G31” except “G31.2” and “G31.8”),
(3) ADRD LTD registration. As explained above, a
LTD registration allows full coverage for healthcare
use related to medically confirmed chronic conditions.
Thus, some patients with ADRD may be fully reim-
bursed for their healthcare use related to ADRD (this
requires the General Practitioner (GP) or the specialist
to request to the French Health Insurance the patient’s
ADRD diagnosis in the LTD registry).

Study population and design

In a preliminary step, which was has been extensively
described elsewhere [18], we studied the HUTs of sub-
jects with incident ADRD aged 65 years and more
identified in 2012 in the FRA-DEM cohort (Additional
file 1). These subjects were clustered using partition-
ing around medoids applied to Levenshtein distances
according to their five-year HUT following ADRD
identification in various healthcare services (ambula-
tory care, hospital care, drug dispensing, institution-
alization). A back engineering process by experts (GPs,
nurses, neurologists, geriatricians) qualified these clus-
ters as favorable or not, taking into account ADRD
guidelines. HUTs referred to the use of the healthcare
system during five years after ADRD identification
according to guidelines, considering the comorbidity
profile of each HUT cluster and comparing the tempo-
ral trends in healthcare uses of each HUT cluster with
the trends in the average HUT cluster of each age group
(Additional file 1).

Concerning the present study, we chose to focus on a
1-year healthcare use period preceding ADRD identi-
fication ([-18;-6] months). We used a 6-month lag-time
period preceding ADRD identification, since ADRD diag-
nosis may precede ADRD identification in administrative
data. Data being unavailable before January 2011 and in
order to cover an entire year of follow-up, we focused on
subjects identified during the second semester of 2012.
Fig. 1 described the study design.

Variables
Socio-demographics variables were studied:

- sex,
— age (continuous),

— ameasure of ecological socio-economic level [ 20],
— rural or urban type of the place of stay.
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Fig. 1 Study design with two examples (subject A and subject B)

Then, number of comorbidities (continuous) as of
December 31, 2012 [21] was studied.

Lastly, we used various variables describing health-
care use preceding ADRD identification during this
1-year period. Details on variables’ construction and
categorization are available in Additional file 2. We
used consensual definitions for potentially avoidable
hospitalization [22, 23], Potentially Inappropriate Med-
ication (PIM) [24], excessive polypharmacy [25]. The
variables cover a wide range of healthcare use settings:

— ambulatory visits and medical transportation,
— ambulatory drug exposure,

— medical devices,

— hospitalization,

— institutionalization [ 19].

Statistical analyses

Factors associated with future favorable HUTs were
investigated among 3 age groups (65-74, 75-84, 85
years and older), using a mixed random effects mul-
tilevel multivariable logistic regression model. Aging
healthcare supply is organized at the department level
in France (i.e. number of beds in NH). In continental
France, there are 94 departments with a population den-
sity ranging from 14.8 inhabitants/km® to 454.1 inhabit-
ants/km?®. Therefore, a department level was considered
as level 1 to take into account geographical differences
in healthcare organization. Intra and inter-departmental
variances were estimated. The factors included in the
multivariate multilevel model (level 2) were of three
types: (1) socio-demographics, (2) number of comor-
bidities and (3) healthcare use preceding ADRD identi-
fication. Those factors were included in the multivariate
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multilevel model in a forward stepwise selection using
Akaike Information Criterion. Associations were esti-
mated and presented as adjusted Odds Ratios (aOR) and
their 95% Confidence Intervals (95%CI). We verified the
linearity assumptions for continuous variables and the
residuals’ normality. Analyses were conducted using
Stata 17.0 (StataCorp LP, College Station, TX). The sig-
nificance level was <0.05.

Sensitivity analyses

To ensure the validity of our results, we performed two
sensitivity analyses. First, we excluded subjects belong-
ing to clusters that the experts were unable to qualify
with certainty as favorable or not future HUTs, lead-
ing to the exclusion of 845, 4372 and 2617 subjects in
the 65-74, 75—84 and 85 and older groups respectively
(17.7%, 26.6% and 16.6% respectively). Second, as the
institutionalization being expected to have a strong
effect on the future HUTs, institutionalized subjects
were removed (158, 617 and 1651 subjects excluded in

Institutionalization 0.000

Nursing home with internal pharmacy =
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the 65-74, 75-84 and 85 and older groups respectively,
representing respectively 3.3%, 3.8% and 10.5% of the
subjects).

Results
A total of 36,990 subjects were included in this study.
The description of the sociodemographic characteristics
and healthcare use preceding ADRD identification of
the study population by age group and according to their
favorable (or not) future HUT is available in Additional
file 3. The part of inter-departmental variance in total
variance was small but statistically significant in all age
groups (2.0%, 2.9% and 0.9% for the 65-74, 75-84 and 85
and older groups respectively). The results of the multi-
variate analyses are presented in Figs. 2, 3 and 4 for the
65-74, 75—84 and 85 and older groups respectively and
in Additional files 4, 5 and 6.

There were similarities between the three age groups.
Institutionalization (in NH with or without inter-
nal pharmacy) preceding ADRD identification was
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Fig. 2 Forestplot of the multilevel multivariate analysis of factors associated with future favorable HUTs (65-74 years group, n=4,764)
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Fig. 3 Forestplot of the mululeve\ multivariate analysis of factors associated with future favorable HUTs (75-84 years group, n=16,441)

strongly negatively associated with future favorable
HUTs for all age groups (for example, 95% Confidence
Intervals (CI) 65-74 years group: NH with internal
pharmacy [1.22E-08-3.21E-06], NH without internal
pharmacy [0.06—0.42]). In the 65-74 years group, young-
est subjects had a decreased probability of future favora-
ble HUTs (95%CI [1.00-1.05] for increasing age), while
older age decreased this probability in the other two
age groups (95%CI [0.94—0.96] and [0.88-0.90] for the
75-84 and 85 and older groups respectively). In all age
groups, a high number of comorbidities (95%CI [0.66—
0.75], [0.68-0.73] and [0.87-0.92] for the 65-74, 75-84
and 85 and older groups respectively), the absence
of reimbursed drug dispensing (95%CI [0.43-0.84],
[0.52-0.83] and [0.61-0.93] for the 65-74, 75—-84 and 85

and older groups respectively) and the use of medical
transportation (for example, 95%CI 65-74 years group:
[0.61-0.87]) decreased the probability of future favorable
HUTs. On the contrary, in all age groups, being female
(95%CI [1.16-1.54], [1.07-1.25] and [1.07-1.27] for the
65-74, 75-84 and the 85 and older groups respectively),
ambulatory cardiology consultation (95%CI [1.07-
1.47], [1.03-1.23] and [1.18-1.39] for the 65-74, 75—84
and 85 and older groups respectively), medical imaging
(for example, 95%CI 65-74 years [1.02—1.37]) and pre-
ventive acts (for example, 95%CI 65-74 years [1.06—
1.42]) increased the probability of future favorable HUTs.
Some determinants were identified in 2 age groups. In
the 65-74 and 75-84 years groups, antidepressant dis-
pensing (95%CI [1.11-1.53], [1.12-1.32] respectively)
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Fig. 4 Forestplot of the multilevel multivariate analysis of factors associated with future favorable HUTs (85 and older group, n=15,785)

preceding ADRD identification increased the probabil-
ity of future favorable HUTs, while antipsychotic dis-
pensing (95%CI [0.43-0.74], [0.63—-0.89] respectively)
decreased this probability. In those age groups, exces-
sive polypharmacy during a quarter preceding ADRD
identification was not significantly associated with
future favorable HUTs, while it increased this probabil-
ity in the 85 and older group (95%CI [1.09-1.30]). In the
75—-84 and 85 and older groups, prevention consulta-
tion (95%CI [1.16-1.37], [1.19-1.39] respectively) pre-
ceding ADRD identification increased the probability of
future favorable HUTs, while reimbursement for nutri-
tional supplement (95%CI [0.68-0.95], [0.68-0.86]
respectively) decreased this probability. Some determi-
nants were observed in a single age group. In the young-
est, using anxiolytic (95%CI [0.72-0.99]) preceding
ADRD identification was significantly associated with a
decreasing probability of future favorable HUTs. In the
75-84 years group, between one and ten physiotherapy

sessions (95%CI [1.07-1.41]) and outpatient consul-
tation in hospital care (95%CI [1.04—1.25]) increased
the probability of future favorable HUTs, while using
the emergency room without hospitalization (95%CI
[0.67-0.88]), unplanned hospitalization (95%CI [0.71-
0.91]) and reimbursement for a medical walker or a
wheelchair (95%CI [0.54—0.83]) decreased this prob-
ability. In the oldest age group, surgery, dermatology/
rheumatology/otorhinolaryngology, neurology, other
medical specialty consultations (95%CI [1.01-1.26],
[1.01-2.44], [1.13-1.34], [1.11-1.42] respectively), short
planned hospitalization (95%CI [1.14-1.57]), antalgic
and z-drug dispensing (95%CI [1.10-1.29], [1.05-1.27]
respectively) preceding ADRD identification increased
the probability of future favorable HUTs. On the con-
trary, reimbursement for a patient lift or a medical
bed (95%CI [0.67-0.90]) preceding ADRD identifica-
tion decreased the probability of future favorable HUTs
in the 85 and older group. Sensitivity analyses leading
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to the exclusion of [1] uncertain clusters (for which the
experts were unable to classify with certainty as favora-
ble or not) and [2] institutionalized subjects yielded sta-
ble results (data not shown).

Discussion

This research provides unique information regarding
healthcare use preceding ADRD identification in the
French healthcare reimbursement database and its asso-
ciation with future favorable HUTs. This study allows a
global understanding of the individual characteristics of
the subjects, as well as healthcare use (quantitative and
qualitative) preceding ADRD identification, while tak-
ing into account geographical disparities in healthcare
supply.

Individual factors (such as institutionalization or num-
ber of comorbidities) had the strongest effect on the
probability of future favorable HUTs, followed by health-
care use preceding ADRD identification, and geographic
variations had the lowest effect. These geographic varia-
tions could be explained by geographic disparities in the
accessibility to healthcare services.

Several factors increasing the probability of future
favorable HUTs were identified. In all age groups, being
a woman increased it [26, 27]. Women may have better
adherence to recommended medical follow-up through-
out their lives or better lifestyles with individual health-
promoting practices [28], which could be explained by
a better health literacy [29-31]. In all age groups, using
ambulatory preventive and medical imaging, cardiology
consultation increased the probability of future favora-
ble HUTs. Antidepressant dispensing (in the 2 youngest
age groups), outpatient consultation and physiotherapy
sessions (75—84 years group), using various ambulatory
specialists consultations, short planned hospitalization,
excessive polypharmacy (85 and older) increased the
probability of future favorable HUTs. All these healthcare
use factors suggested a regular medical follow-up, which
may be enhanced by a GP care coordination for individu-
als who may be regularly cared by several healthcare pro-
viders, and prone to healthy lifestyle, visiting regularly
various specialists for preventive care. This pattern sug-
gests an early ADRD detection with further healthcare
services’ support shortly after ADRD identification. The
presence of informal caregivers enhancing the medi-
cal follow-up could also explain this result. Antidepres-
sant dispensing could indicate a medical follow-up for
depressive disorders, which may be a prodrome of ADRD
or increase the risk of ADRD [32-34]. Therefore, health
professionals may pay particular attention to the onset of
ADRD symptoms in subjects with depressive disorders,

Page 7 of 10

allowing a timely ADRD diagnosis and a possible future
healthcare planning.

On the other hand, several factors decreased the
probability of future favorable HUTs. In the 65-74 years
group, the youngest subjects had a decreased probabil-
ity of future favorable HUTSs, which could be explained
by a late diagnosis related to a medical nomadism and
difficulties in identifying ADRD in young people [35].
Among subjects aged 75 and older, increasing age may
be associated with later suboptimal ADRD manage-
ment due to health professionals fatalism (alongside
family caregivers and subjects themselves) [36], lead-
ing to a disengagement towards medical follow-up. An
increased number of comorbidities decreased the prob-
ability of future favorable HUTs [36]. The presence of
concurrent diseases [15, 37] may prevent subjects to be
timely diagnosed or access healthcare related to ADRD.
Some life-threatening concomitant diseases may put
ADRD as of secondary importance, such as cardiac
insufficiency. Other comorbidities, such as chronic
psychotic disorders (schizophrenia for example), may
involve symptoms which may represent barriers to
ADRD management or identification [38, 39]. In the
65-74 and 75-84 years groups, antipsychotic dispens-
ing preceding ADRD identification decreased the prob-
ability of future favorable HUTs, as well the addition of
anxiolytic dispensing in the 65-74 years group. These
drug exposures may be related to the preexistence of
psychiatric disorders notably psychotic history, as well
as undiagnosed BPSD and our data cannot disentangle
these two phenomena. Moreover, anxiolytic dispensing
in the 65-74 years group preceding ADRD identifica-
tion could suggest medical nomadism facing prodromal
BPSD. This exposure could deteriorate the cognitive
functions [40] and degrade the future HUTs. Behavio-
ral disturbances may suggest undiagnosed prodromal
BPSD, leading to a late ADRD diagnosis. Factors related
to dependency preceding ADRD identification, includ-
ing institutionalization, need of medical transporta-
tion or of medical devices for mobility aids (75-84, 85
and older groups), decreased the probability of future
favorable HUTs in all age groups. This dependency-
related healthcare use could suggest a reduced network
of informal caregivers, making at-home stay or access
to ambulatory consultation more complex [41]. Insti-
tutionalization does not rectify a reduced network of
informal caregivers, the medical follow-up of residents
remaining under the responsibility of the regular GP.
Moreover, in order to reduce the burden of depend-
ency on healthcare use, secondary or even tertiary pre-
vention of dependency could be implemented among
institutionalized subjects with ADRD. The presence of
comorbidities could enhance the burden of dependency.
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All these aspects of dependency could complicate access
to healthcare use, with the physical, environmental or
material barriers that they constitute [41]. Moreover,
the presence of dependency could constitute a symp-
tom of undiagnosed ADRD and therefore, indicate a late
ADRD diagnosis.

In the 75-84 years group, subjects having emergency
room visits followed by an hospitalization or not pre-
ceding ADRD identification were less likely to have
future favorable HUTs [42]. Those unplanned health-
care uses could reflect a lack of medical follow-up and
an unidentified ADRD onset. It could also suggest
that subjects were less adherent to the recommended
medical follow-up or were followed by a GP with sub-
optimal practices. It has been shown in literature that
emergency room visits increased the risk of autonomy
loss and death [43], which could lead to erratic HUTs.
Moreover, the absence of drug dispensing during the
year (no reimbursed drug) preceding ADRD identifica-
tion decreased the probability of future favorable HUTs,
which supports the previous interpretation of a sub-
optimal medical follow-up. More than 75% of these sub-
jects did not visit any GP or just once preceding ADRD
identification (versus less than 5% subjects with any
drug reimbursement, data not shown).

Literature has regularly shown the role of socioeco-
nomic deprivation as a determinant for poor access to
health care and health outcomes [20, 44—47], but the
deprivation index did not appear as a significant determi-
nant for future favorable HUTs in our analysis. The exist-
ence of universal health insurance in France could explain
this finding, as well as institutionalization less subject to
financial constraints in France compared to other coun-
tries. Deprivation index is a proxy for individual socio-
economic deprivation and could not perfectly reflect the
individual socioeconomic status. The number of GP con-
sultations within the year preceding ADRD identification
was not associated with future favorable HUTs, probably
because it was counterbalanced by the high burden of
comorbidities on future HUTs. The duration of GP con-
sultations could be a better measurement of healthcare
coordination by a GP but this variable was unavailable in
our database.

To our knowledge, this study is the first to investigate
factors of healthcare use preceding ADRD identifica-
tion associated with future favorable HUTs, taking into
account geographical differences. Although there is
data studying healthcare use of subjects preceding their
ADRD identification, it is compared to healthcare use of
control subjects [7, 10, 11, 14, 42]. Other studies inves-
tigated longitudinal trend of healthcare use preceding
ADRD identification [9, 12, 13, 48] but did not confront it
with healthcare use after diagnosis.
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Our study presents limitations. First, the SNDS does
not contain information regarding the presence of fam-
ily caregivers, BPSD, ADRD etiology or severity, living
arrangement or lifestyle habitus, which may impact
healthcare use. Hence, those potential confounding fac-
tors have not been included in our models. Moreover,
other potential confounding factors have not been con-
trolled in our analyses because they can vary accord-
ing to the healthcare investigated and we privileged a
unique model (stratified on the age groups) consider-
ing several healthcare uses. Moreover, ADRD definition
relied on administrative data in which index date does
not always coincide with diagnosis date. This latter
could precede the index date, which is why we applied
a 6-month time lag period [7]. Second, the studied fol-
low-up preceding ADRD identification was restricted
to 1 year because of data availability. Then, the use of
consultation with a geriatrician, a health professional
involved in the healthcare coordination, cannot be
measured in the SNDS. Lastly, drug dispensing was
not measurable for subjects living in NH with an inter-
nal pharmacy [19] nor during hospitalizations. Having
information about drug dispensing, especially psycho-
tropic drug dispensing, during institutionalization or
hospitalization could have enabled us to improve the
quality of our results. However, the variable “institu-
tionalization” allowed us to take this into account in
multivariate analyses and sensitivity analyses retrieved
stable results.

Nevertheless, this research has several strengths. First,
we used an administrative database, reflecting real life
consumption of healthcare, with a good exhaustiveness,
regarding consultations and hospitalizations. Moreover,
using administrative data allowed us to have little selec-
tion and low attrition. Second, our study population
were beneficiaries of the ‘Regime General’ of the French
insurance health system, which covers around 70% of
the French population (36,990 subjects allowing multi-
level analyses). We restricted our study population to the
‘Regime General’ beneficiaries to ensure a better qual-
ity of data, the quality of data from other health insur-
ance schemes being lower. Third, this study was the first
to confront healthcare use preceding ADRD identifica-
tion and the future 5-year HUTs, with such an extensive
approach of healthcare use (ambulatory and hospital
care, institutionalization, drug dispensing and medical
devices reimbursement). Finally, our sample size allowed
us to take into account the geographical and healthcare
supply differences using multilevel analysis.
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Conclusions

This study highlighted the importance of an effective
regular healthcare use in order to increase the probability
of future favorable HUTs. This relies on the prescription
of various healthcare by a GP, the availability of such ser-
vices and its implementation by the patient or his rela-
tives. On the contrary, healthcare use preceding ADRD
identification reflecting a possible late ADRD diagnosis
decreased this probability. Hence, it would be interest-
ing to conduct qualitative studies in order to identify
the reasons for suboptimal coordinating care. Moreover,
patient health literacy should be improved, as well as
health promotion, so that they can pretend to use vari-
ous and recommended healthcare. Particular attention
should be paid to some profiles at greater risk of delayed
diagnosis (younger subjects and subjects with psychiatric
comorbidities). The implementation of prevention con-
sultations in recent years could allow a timely diagnosis,
which appear necessary to enable future favorable HUT.
This study showed a negative association of institution-
alization before ADRD identification with the probabil-
ity of future favorable HUT. This result may suggest the
need to invest in secondary or tertiary prevention of loss
of autonomy in NH.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-023-04643-1.

Additional file 1. Methods of the 5-year Healthcare Use Trajectories study.

Additional file 2. Details on the construction and categorization of the
healthcare use variables ([-18;-6] months).

Additional file 3. Description of sociodemographics characteristics
and healthcare use preceding ADRD identification ([-18;-6] months) by
age group and according to the future favorable (or not) healthcare use
trajectories (HUTS).

Additional file 4. Results of the multilevel multivariate analysis of factors
associated with future favorable healthcare use trajectories of the 65-74
years group (n=4,764).

Additional file 5. Results of the multilevel multivariate analysis of factors
associated with future favorable healthcare use trajectories of the 75-84
years group (n=16,441).

Additional file 6. Results of the multilevel multivariate analysis of factors
associated with future favorable healthcare use trajectories of the 85 and
older group (n=15,785).

Acknowledgements

We would like to thank Pascal Durand, the Studies and Statistics Division of the
Agence Régionale de Santé Occitanie. Finally, we would like to thank Nicola
Coley who helped with the translation.

Authors’ contributions

V.Gardette and M.Lapeyre-Mestre elaborated the study concept and design.
The acquisition of data was conducted by A.Renoux and V.Gardette. A.Couret
performed the analyses supervised by V.Gardette, M.Lapeyre-Mestre and
A.Renoux. E.Gombault-Datzenko and H.Villars contributed to the interpreta-
tion of data. A.Couret wrote the first draft of the manuscript and V.Gardette,
M.Lapeyre-Mestre, A.Renoux, H.Villars revised it critically. All authors read and
approved the final manuscript.

Page 9 of 10

Funding

This work was supported by the Agence Nationale de Recherche et Technolo-
gies [grant number 2020/0774] and the Agence Régionale de Santé Occitanie,
in the context of the PhD thesis of A.Couret.

Availability of data and materials

The data that support the findings of this study are available from the CNAM
(Caisse Nationale dAssurance Maladie) but restrictions apply to the availability of
these data, which were used under license for the current study, and so are not
publicly available. We are not allowed to share these data due to legal restrictions,
but SNDS data are accessible to researchers who meet the criteria for access
(request for access is evaluated by Commission Nationale de I'Informatique et
des Libertés, https://www.health-data-hub.fr/page/fag-english).

Declarations

Ethics approval and consent to participate

The FRA-DEM cohort received approval from the Data Protection French
Authority (CNIL authorization n°1631786-DE-2013-037). All methods were car-
ried out in accordance with the French legislation related to the SNDS. Written
informed consent from the participants was not required to participate in

this study, in accordance with the French legislation related to the SNDS
(pseudonymised data).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

' Agence Régionale de Santé Occitanie, Toulouse, France. 2Maintain Aging
Research team, CERPOP, Université de Toulouse, Université Paul Sabatier,
Inserm, Toulouse, France. 3Faculté de médecine, 37 allées Jules Guesde, Tou-
louse 31000, France. “Department of Pharmacology, Centre Hospitalier Uni-
versitaire de Toulouse, Toulouse, France. °Centre d'Investigation Clinique 1436,
Team PEPSS “Pharmacologie En Population cohorteS et biobanqueS’, Centre
Hospitalier Universitaire de Toulouse, Université Paul Sabatier, Inserm, Tou-
louse, France. ®Department of Medical Information (DIM), Centre Hospitalier
Universitaire de Toulouse, Toulouse, France. ’Centre Hospitalier Universitaire de
Toulouse, Toulouse, France. 8Geriatric Department, Centre Hospitalier Universi-
taire de Toulouse, Toulouse, France. °Department of Epidemiology and Public
Health, Centre Hospitalier Universitaire de Toulouse, Toulouse, France.

Received: 17 July 2023 Accepted: 27 December 2023
Published online: 23 January 2024

References

1. WHO. Dementia. Available from: https://www.who.int/news-room/fact-
sheets/detail/dementia.Cited 2022 Apr 4.

2. Winblad B, Amouyel P, Andrieu S, Ballard C, Brayne C, Brodaty H, et al.
Defeating Alzheimer’s Disease and other Dementias: a priority for Euro-
pean science and society. Lancet Neurol. 2016;15(5):455-532.

3. World Health Organization. Global status report on the public health
response to dementia. Geneva: World Health Organization; 2021 . Avail-
able from: https://apps.who.int/iris/handle/10665/344701. Cited 2022
Apr 4.

Alzheimer's Disease International, McGill University. World Alzheimer
Report 2021: journey through the diagnosis of dementia. 2021. Available
from: https//www.alzint.org/resource/world-alzheimer-report-2021/.
Cited 2022 Apr 4.

5. Kirson NY, Scott Andrews J, Desai U, King SB, Schonfeld S, Birnbaum HG

et al. Patient Characteristics and Outcomes Associated with receiving an

earlier Versus later diagnosis of probable Alzheimer's Disease. J Alzhei-
mers Dis. 2018;61(1):295-307.

Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al.

Dementia prevention, intervention, and care: 2020 report of the Lancet

Commission. Lancet. 2020;396(10248):413-46.

o


https://doi.org/10.1186/s12877-023-04643-1
https://doi.org/10.1186/s12877-023-04643-1
https://www.health-data-hub.fr/page/faq-english
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://apps.who.int/iris/handle/10665/344701
https://www.alzint.org/resource/world-alzheimer-report-2021/

Couret et al. BMC Geriatrics (2024) 24:89

20.

21.

22.

23.

24.

25.

26.

Geldmacher DS, Kirson NY, Birnbaum HG, Eapen S, Kantor E, Cummings AK,
et al. Pre-diagnosis excess acute care costs in Alzheimer’s patients among a
US Medicaid population. Appl Health Econ Health Policy. 2013;11(4):407-13.
Albert SM, Glied S, Andrews H, Stern'Y, Mayeux R. Primary care
expenditures before the onset of Alzheimer's Disease. Neurology.
2002;59(4):573-8.

Desai U, Kirson NY, Ye W, Mehta NR, Wen J, Andrews JS. Trends in health
service use and potentially avoidable hospitalizations before Alzheimer’s
Disease diagnosis: a matched, retrospective study of US Medicare benefi-
ciaries. Alzheimers Dement (Amst). 2019;11:125-35.

Schaefer KR, Noonan C, Mosley M, Smith J, Galbreath D, Fenn D, et al.
Differences in service utilization at an urban tribal health organization
before and after Alzheimer’s Disease or related Dementia diagnosis: a
cohort study. Alzheimers Dement. 2019;15(11):1412-9.

. Downer B, Al Snih S, Chou LN, Kuo YF, Raji M, Markides KS, et al. Changes

in Health Care Use by Mexican American Medicare Beneficiaries before
and after a diagnosis of Dementia. J Gerontol A Biol Sci Med Sci.
2021,76(3):534-42.

Nair R, Haynes VS, Siadaty M, Patel NC, Fleisher AS, Van Amerongen D,

et al. Retrospective assessment of patient characteristics and healthcare
costs prior to a diagnosis of Alzheimer’s Disease in an administrative
claims database. BMC Geriatr. 2018;16(1):243.

Lin PJ, Zhong Y, Fillit HM, Chen E, Neumann PJ. Medicare Expenditures

of Individuals with Alzheimer’s Disease and related Dementias or mild
cognitive impairment before and after diagnosis. J Am Geriatr Soc.
2016,64(8):1549-57.

Zhu CW, Cosentino S, Ornstein K, Gu'Y, Scarmeas N, Andrews H, et al.
Medicare Utilization and expenditures around Incident Dementia in a
multiethnic cohort. J Gerontol A Biol Sci Med Sci. 2015;70(11):1448-53.
Wargny M, Gallini A, Hanaire H, Nourhashemi F, Andrieu S, Gardette V.
Diabetes Care and Dementia among older adults: a nationwide 3-Year
longitudinal study. J Am Med Dir Assoc. 2018;19(7):601-606e2.

Poncet M, Gardette V, Couret A, Renoux A, Lapeyre-Mestre M, Gallini A.
Benzodiazepine exposure in subjects with incident Alzheimer’s Disease
and related syndromes in France: a longitudinal study 2011-2017. Int Clin
Psychopharmacol. 2020;35(5):270-278.

Elyn A, Gardette V, Renoux A, Sourdet S, Nourhashemi F, Sanou B, et al.
Potential determinants of unfavourable healthcare utilisation trajectories
during the last year of life of people with incident Alzheimer Disease or
related syndromes: a nationwide cohort study using administrative data.
Age Ageing. 2022;51(3):afac053.

Gallini A, Renoux A, Siep S, Roustan A, Voisin T, Escudier G, et al. Clustering
5-year multidimensional health care trajectory patterns in Alzheimer’s
disease and related syndromes. J Am Med Dir Assoc. 2021,22(7):1525-34.e3.
Atramont A, Bourdel-Marchasson |, Bonnet-Zamponi D, Tangre |, Fagot-
Campagna A, Tuppin P. Impact of nursing home admission on health
care use and disease status elderly dependent people one year before
and one year after skilled nursing home admission based on 2012-2013
SNIIRAM data. BMC Health Serv Res. 2017;17. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5604505/. Cited 2020 Dec 14.
Rey G, Jougla E, Fouillet A, Hémon D. Ecological association between a
deprivation index and mortality in France over the period 1997-2001:
variations with spatial scale, degree of urbanicity, age, gender and cause
of death. BMC Public Health. 2009,9:33.

Caisse Nationale d’Assurance Maladie (CNAM). Méthodologie médicale de
la cartographie des pathologies et des dépenses, version G7 (années 2012
a2018). 2020. Available from: https://assurance-maladie.amelifr/sites/
default/files/2020_methode-reperage-pathologies_cartographie.pdf.
Agency for Healthcare Research and Quality. Quality indicators. 2020 .
Available from: https://www.qualityindicators.ahrg.gov/Modules/PQI_
TechSpec_ICD10_v2020.aspx. Cited 2021 May 26.

Indicateurs de coordination | Stats ATIH. Available from: https://www.scans
antefr/applications/indicateurs-de-coordination. Cited 2021 May 26.
Renom-Guiteras A, Meyer G, Thirmann PA. The EU(7)-PIM list: a list

of potentially inappropriate medications for older people consented

by experts from seven European countries. Eur J Clin Pharmacol.
2015;71(7):861-75.

Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polyphar-
macy? A systematic review of definitions. BMC Geriatr. 2017;17(1):230.
Hankivsky O. Women'’s health, men’s health, and gender and health:
implications of intersectionality. Soc Sci Med. 2012;74(11):1712-20.

Page 10 of 10

27. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo
DL, et al. Sex and gender: modifiers of health, Disease, and medicine.
Lancet. 2020;396(10250):565-82.

28. Var R, Scazzocchio B, D’Amore A, Giovannini C, Gessani S, Masella R.
Gender-related differences in lifestyle may affect health status. Ann Ist
Super Sanita. 2016;52(2):158-66.

29. Verney SP, Gibbons LE, Dmitrieva NO, Kueider AM, Williams MW, Meyer OL,
et al. Health literacy, sociodemographic factors, and cognitive training in
the active study of older adults. Int J Geriatr Psychiatry. 2019;34(4):563-70.

30. Ganguli M, Hughes TF, Jia Y, Lingler J, Jacobsen E, Chang CCH. Aging and
functional health literacy: a Population-based study. Am J Geriatr Psychia-
try. 2021;29(9):972-81.

31. Chesser AK, Keene Woods N, Smothers K, Rogers N. Health literacy and
older adults. Gerontol Geriatr Med. 2016;2:2333721416630492.

32. Steffens DC. Late-Life Depression and the prodromes of Dementia. JAMA
Psychiatry. 2017;74(7):673-4.

33. Larsen EN, Sloth MM, Osler M, Wium-Andersen IK, Jargensen TSH. Depres-
sion in adulthood and risk of Dementia later in life: a Danish register-
based cohort study of 595,828 men. J Affect Disord. 2022,302:25-32.

34. Korhonen K, Tarkiainen L, Leinonen T, Einid E, Martikainen P. Association
between a history of clinical depression and Dementia, and the role of
sociodemographic factors: population-based cohort study. Br J Psychiatry.
2022;221(1):410-6.

35. Burkinshaw K, Tsourtos G, Cations M. System and policy-level barriers and
facilitators for timely and accurate diagnosis of young onset Dementia.
Int J Geriatr Psychiatry. 2023;38(1):e5859.

36. Maserejian N, Krzywy H, Eaton S, Galvin JE. Cognitive measures lacking
in EHR prior to Dementia or Alzheimer’s Disease diagnosis. Alzheimers
Dement. 2021;17(7):1231-43.

37. Vogelgsang J, Wolff-Menzler C, Kis B, Abdel-Hamid M, Wiltfang J, Hess-
mann P. Cardiovascular and metabolic comorbidities in patients with
Alzheimer's Disease and vascular Dementia compared to a psychiatric
control cohort. Psychogeriatrics. 2018;18(5):393-401.

38. Radhakrishnan R, Butler R, Head L. Dementia in schizophrenia. Adv
Psychiatr Treat. 2012;18(2):144-53.

39. Vismara M, Cirnigliaro G, Piccoli E, Giorgetti F, Molteni L, Cremaschi L, et al.
Crossing Borders between Frontotemporal Dementia and Psychiatric
disorders: an updated overview. J Alzheimers Dis. 2020;75(2):661-73.

40. LiuL,JiaL, Jian P, Zhou, Zhou J, Wu F, et al. The effects of Benzodiaz-
epine Use and abuse on Cognition in the elders: a systematic review and
Meta-analysis of comparative studies. Front Psychiatry. 2020;11:00755.

41. Musich S, Wang SS, Ruiz J, Hawkins K, Wicker E. The impact of mobility limita-
tions on health outcomes among older adults. Geriatr Nurs. 2018;39(2):162-9.

42. Desai U, Kirson NY, Lu'Y, Bruemmer V, Andrews JS. Disease severity at
the time of initial cognitive assessment is related to prior health-care
resource use burden. Alzheimers Dement (Amst). 2020;12(1):e12093.

43. GuionV, De Souto Barreto P, Rolland Y. Nursing home residents’ functional
trajectories and Mortality after a transfer to the Emergency Department. J
Am Med Dir Assoc. 2021;22(2):393-398e3.

44. OECD. Health for everyone? Social inequalities in health and health
systems. OECD; 2019. Available from: https://www.oecd-ilibrary.org/
social-issues-migration-health/health-for-everyone_3c8385d0-en. (OECD
Health Policy Studies). Cited 2023 May 16.

45. RochaV, Marques A, Pinto M, Sousa L, Figueiredo D. People with Demen-
tia in long-term care facilities: an exploratory study of their activities and
participation. Disabil Rehabil. 2013;35(18):1501-8.

46. Collins PF, Stratton RJ, Kurukulaaratchy RJ, Elia M. Influence of deprivation
on health care use, health care costs, and mortality in COPD. Int J Chron
Obstruct Pulmon Dis. 2018;13:1289-96.

47. Myck M, Najsztub M, Oczkowska M. Implications of Social and Material
Deprivation for Changes in Health of Older people. J Aging Health.
2020;32(5-6):371-83.

48. Chen L, Reed C, Happich M, Nyhuis A, Lenox-Smith A. Health care
resource utilisation in primary care prior to and after a diagnosis of
Alzheimer's Disease: a retrospective, matched case-control study in the
United Kingdom. BMC Geriatr. 2014;14:76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5604505/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5604505/
https://assurance-maladie.ameli.fr/sites/default/files/2020_methode-reperage-pathologies_cartographie.pdf
https://assurance-maladie.ameli.fr/sites/default/files/2020_methode-reperage-pathologies_cartographie.pdf
https://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v2020.aspx
https://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v2020.aspx
https://www.scansante.fr/applications/indicateurs-de-coordination
https://www.scansante.fr/applications/indicateurs-de-coordination
https://www.oecd-ilibrary.org/social-issues-migration-health/health-for-everyone_3c8385d0-en
https://www.oecd-ilibrary.org/social-issues-migration-health/health-for-everyone_3c8385d0-en

	Which factors preceding dementia identification impact future healthcare use trajectories: multilevel analyses in administrative data
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data source
	Study population and design
	Variables
	Statistical analyses
	Sensitivity analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


