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Objectives: Dementia is a clinical diagnosis without curative treatment. It is uncertain whether ancillary
testing is beneficial for patients. This study investigates the association between use of diagnostic tests
and time to poor outcome and health care costs.
Design: Nationwide register-based cohort study using health care reimbursement data in the
Netherlands.
Setting and Participants: All Dutch hospitals, including 13,312 patients diagnosed with dementia in 2018.
Methods: Diagnostic testing included computed tomography or magnetic resonance imaging (CT/MRI),
neuropsychological examination (NPE), nuclear imaging (PET/SPECT), electroencephalography (EEG), and
cerebrospinal fluid (CSF) testing. We compared time to poor outcome (institutionalization or death) and
costs per month from 2018 to 2021 between those who underwent a specific diagnostic test in previous
years to controls, propensity score matched for age, sex, type of hospital, and comorbidity.
Results: Time to poor outcome in those who underwent CT/MRI, EEG, or CSF testing was similar to those
who did not, but was longer for those who underwent NPE. Time to poor outcome was shorter in patients
who underwent PET/SPECT. Patients who underwent CSF testing or PET/SPECT had higher mean total
health care costs as compared to controls (CSF V248, 95% CI 64-433; PET/SPECT: V315, 95% CI 179-451).
NPE during the diagnostic trajectory was associated with lower total health care cost (eV127, 95% CI
e62, e193).
Conclusion and Implications: NPE was associated with longer time to poor outcome and lower health care
costs, potentially due to confounding by indication. Patients who underwent neuroimaging (CT, MRI,
SPECT/PET), CSF testing, or EEG for dementia diagnostics did not experience a longer time to poor
outcome or lower health care costs. This emphasizes the importance of clinical examination as anchor for
the diagnosis of dementia.

� 2024 The Authors. Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
Clinical guidelines across the globe emphasize the need for a computed tomography (CT) or magnetic resonance imaging (MRI) is

timely diagnosis of dementia.1e3 The diagnostic trajectorymay involve
several diagnostic tests, to test differential diagnostic hypotheses, to
rule out rare reversible causes of cognitive decline, and to diagnose
subtypes of dementia with more certainty.4 Brain imaging with
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recommended as part of investigations of people with suspected de-
mentia in a specialist care setting in UK,2 European,3 and US5 guide-
lines. Additional available tests include positron emission tomography
(PET), single-photon emission CT (SPECT), cerebrospinal fluid (CSF)
analysis, electroencephalography (EEG), and detailed neuropsycho-
logical examinations (NPE).

Diagnosis may relieve uncertainties about one’s cognitive impair-
ments and may pave the way for access to appropriate care, including
advance care planning.6 The right timing and setting for diagnosis
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relies heavily on patient and caregiver preferences.7 In younger pa-
tients, broad differential diagnostic testing in a specialized memory
clinic may be warranted; however, in older patients, the added value
of diagnostic testing may be limited because of overlapping pathol-
ogies and absence of curative options.8e12 This raises the question if
patients benefit from extensive diagnostic testing compared with
more restrictive testing. Diagnostic studies often focus on diagnostic
accuracy, whereas clinical utility and patient benefit are of equal
importance in the evaluation of diagnostic testing.13e16 In the
Netherlands, dementia is diagnosed in a hospital setting in 58% of
cases,17 and use of ancillary tests for dementia varies substantially
across hospitals.18 Clinical utility of ancillary diagnostic testing heavily
relies on improving decisionmaking and, consequently, patient health
outcomes.19 In absence of cure, a diagnosis may still impact health
outcomes such as daily functioning or health care costs by facilitating
improved disease management through the arrangement of formal or
informal care that better aligns with a patient’s individual needs. In
this study, we investigate whether patients who received a dementia
diagnosis in a hospital and underwent an ancillary diagnostic test
have a different outcome compared with those diagnosed without
that specific ancillary test. We aim to go beyond the point of diagnostic
accuracy and focus on a pragmatic clinical outcome; how long is a
patient able to live at home following a diagnosis of dementia and is
this altered by using ancillary tests?

Methods

Study Design and Participants

We performed a nationwide register-based cohort study on all
patients who received a new diagnosis of all-cause dementia in a
Dutch hospital in 2018. We used data from the Dutch national health
care insurance declaration database (Vektis).20 In the Netherlands,
having health care insurance is mandatory and as a result >99.8% of
the population in 2018 was insured for health care costs and is hence
included in this database.21 The cohort included all patients aged
>40 years who were newly diagnosed with dementia in the
Netherlands in 2018 in a hospital setting, based on (a combination
of) health care insurance declarations validated by Vektis for the
presence of all-cause dementia.20 In the Dutch health care system,
each new diagnosis is registered for insurance reimbursement pur-
poses.22 Patients were included in our cohort if they received a
dementia diagnosis registered by a neurologist or, alternatively, by a
geriatrician, internal medicine specialist, or psychiatrist. In the latter
cases, patients had to fulfill a second criterion, which included
having declarations for psychogeriatric nursing care, declarations
under the long-term care act with a dementia-related care package,
or the use of pharmaceuticals exclusively indicated for dementia (ie,
galantamine, memantine, rivastigmine, and donepezil). This combi-
nation rule to establish the dementia population in the Netherlands
is based on a report from the Dutch national statistics office (CBS) to
enhance validity of the diagnostic categorization.23 The methodol-
ogy is in line with Eurostat Morbidity Statistics, an initiative to
collect nationally representative, internationally comparable
diagnosis-based information on morbidity for the European Union.24

Although health care declaration data can indicate the presence of
all-cause dementia, it does not allow for accurate nosological
diagnoses.

According to Dutch guidelines, a diagnosis of dementia is always
based on patient history, informant reports, and objective cognitive
testing. Ancillary testing occurs on indication.25 We compared pa-
tients who underwent a specific diagnostic test during the diagnostic
trajectory (cases) to patients who did not receive that specific diag-
nostic test (controls). We also contrasted patients receiving an
extensive battery of tests (4 or 5) to patients subjected to restrictive
diagnostic testing with none or only 1 ancillary test. Controls were
propensity score matched for age, sex, type of hospital, and comor-
bidity. Type of hospital was operationalized as academic, teaching, or
general. Burden of comorbidity was operationalized using pharmacy-
based cost group (PCG), which categorizes medication per somatic
chronic disease indication and serves as an indicator for the presence
of comorbidities.26 This categorization system is used for risk adjust-
ment by the Dutch health care insurance sector. PCGs are ordinally
categorized as 0, 1, 2, or �3, reflecting an increasing burden of chronic
disease (Supplementary Material 1).

Exposure and Outcome

Exposure of interest was the use of an ancillary test during the
diagnostic phase in the years before the diagnosis of dementia: be-
tween January 1, 2015, and December 31, 2018 (Supplementary
Figure 1). For reimbursement purposes, all health care activities
related to diagnosing dementia are defined by the Dutch Healthcare
Authority (agency of the Dutch Ministry of Health, Welfare and Sport).
To facilitate analysis, 2 experienced neurologists clustered all diag-
nostic activities in 5 subgroups: (1) structural imaging of the brain
using CT or MRI (CT/MRI), (2) neuropsychological examination (NPE),
(3) imaging of the brain function using PET or SPECT (PET/SPECT), (4)
electroencephalography (EEG), and (5) CSF testing.

We tracked the occurrence of institutionalization or death and
health care costs per month alive between January 1, 2018, and
December 31, 2021. Primary outcome measure was time to poor
outcome, defined as institutionalization in a long-term care facility or
death, whichever came first. We expressed the results as median time
to poor outcome, referring to the moment at which 50% of the pop-
ulation had experienced the outcome. We also analyzed these 2 poor
outcomes separately. Secondary outcome measures were total mean
health care costs per month, mean total pharmaceutical costs per
month, and mean costs per month for cholinesterase inhibitors
(ChEIs). Total mean health care costs were operationalized as direct
health care costs, which entails the expenses attributable to medical
interventions, treatments, pharmaceuticals, and associated elements,
such as hospitalization, clinical consultations, long-term care, and
diagnostic assessments based on reimbursement by health care
insurances.

Statistical Analysis

Weused Kaplan-Meier survival analysis to compare the occurrence
of poor outcome between cases and controls during the follow-up
period. Time to institutionalization and time to death were exam-
ined both separately and as a combined outcome. For mean total
pharmaceutical, mean ChEIs, and mean health care costs, we used
Welch 2-sample t tests. Matching was performed using the matchit
package in R. We used a nearest neighbor matching, with a caliper
width of 0.2 SD without replacement technique, based on propensity
scores using logistic regression.27 We used a variable control to case
ratio with a minimum ratio depending on the number of available
cases and a maximum of 3:1 ratio to ensure optimal reduction in bias
and maximal gain in precision.28,29 Statistical analysis was conducted
using R, version 4.1.3.

Results

In 2018, a total of 13,312 patients received a new diagnosis of de-
mentia in a Dutch hospital. The majority were female (51.9%) and the
mean age at diagnosis was 77.3 years (SD 8.2), of whom 6.9% were
aged <65 years. Comorbidities were present in 73.9% of the popula-
tion, with 14.1% in the highest ordinal category of medication costs
(Table 1). Ancillary testing was performed in 85.6% of the population



Table 1
Baseline Characteristics of Total Population and Cases and Controls

CT/MRIy NPE EEG CSF PET/SPECT

Total population Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls

(N ¼ 13,312) (n ¼ 7635) (n ¼ 2545) (n ¼ 5392) (n ¼ 5392) (n ¼ 1018) (n ¼ 3054) (n ¼ 541) (n ¼ 1623) (n ¼ 1016) (n ¼ 3048)

Female, n (%) 6911 (51.9) 4306 (56.4) 1547 (60.8) 2655 (49.2) 2690 (49.9) 366 (36.0) 1091 (35.7) 243 (44.9) 685 (42.2) 434 (42.7) 1282 (42.1)
Age, y, mean 77.3 79.5 80.7 75.2 76.1 71.8 72.0 67.9 67.8 74.3 74.4
Hospital, n (%)
General 5825 (43.8) 3196 (41.9) 1024 (40.2) 2475 (45.8) 2469 (45.9) 452 (44.4) 1413 (46.3) 211 (39.0) 665 (40.1) 376 (37.0) 1138 (37.3)
Teaching 6745 (50.7) 3990 (52.3) 1366 (53.7) 2682 (49.7) 2677 (49.7) 498 (48.9) 1467 (48.0) 275 (50.8) 840 (51.8) 570 (56.1) 1724 (56.6)
Academic 742 (5.6) 449 (5.9) 155 (6.1) 235 (4.4) 246 (4.6) 68 (6.7) 174 (5.7) 55 (10.2) 118 (7.3) 70 (6.9) 186 (6.1)

Comorbidity operationalized as PCG*, n (%)
0 3468 (26.1) 1832 (24.0) 635 (25.0) 1461 (27.1) 1391 (25.8) 241 (23.7) 694 (23.7) 208 (38.4) 587 (36.2) 218 (21.5) 615 (20.2)
1 4487 (33.7) 2592 (33.9) 859 (33.8) 1810 (33.6) 1814 (33.6) 286 (28.1) 901 (29.5) 169 (31.2) 527 (32.5) 273 (26.9) 834 (27.4)
2 3480 (26.1) 2121 (27.8) 700 (27.5) 1369 (25.4) 1463 (27.1) 282 (27.7) 892 (29.2) 106 (19.6) 336 (20.7) 271 (26.7) 891 (29.2)
�3 1877 (14.1) 1090 (14.3) 351 (13.8) 752 (13.9) 724 (13.4) 209 (20.5) 567 (18.6) 58 (10.7) 173 (10.7) 254 (25.0) 708 (23.2)

*PCG, pharmacy-based cost group (a proxy for burden of comorbidity, a higher number indicates a higher burden of comorbidity).
yA total of 10,767 patients received CT/MRI, but only 7635 were included as cases in the analysis, because of a maximum case-control ratio of 3:1. Cases were patients with

an ancillary test and controls were patients without that specific test. We used a variable case-control ratio.
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during the diagnostic phase of dementia. The most commonly used
diagnostic test was CT/MRI (80.9%), followed by NPE (40.5%), PET/
SPECT and EEG (both 7.6%), and CSF testing (4.1%). Between January
2018 and December 2021, more than half of those who were diag-
nosed with dementia in 2018 experienced a poor outcome (54.6%), of
whom 40.1% were living in an institution, 32.3% died in an institution
and 26.7% died at home.

Time to poor outcome in those who underwent CT/MRI, EEG, or
CSF testing was not different from respective controls (Figure 1A, C,
and D). For CT/MRI and CSF testing, this was consistent with both time
to institutionalization and time to death (Supplementary Figure 2A, D,
F, and I). For patients exposed to EEG, we did find a lower risk of
institutionalization [relative risk (RR) 0.86, 95% CI 0.77-0.96] but no
difference in risk of death (Supplementary Figure 2C and H). Patients
subjected to an NPE had a lower risk of experiencing a poor outcome
during the follow-up period compared with controls (RR 0.85, 95% CI
0.82-0.88). Median time to poor outcome was 3.1 years (or 1129 days,
95% CI 1102-1161) in matched patients that were not subjected to NPE
as compared to a median time to poor outcome of 3.7 years (or
1367 days, 95% CI 1333-1407) in patients who underwent NPE
(Figure 1, B). This result was consistent when the outcome was
analyzed separately for time to institutionalization and death. Patients
who underwent PET/SPECT during the diagnostic phase had a higher
risk of experiencing a poor outcome (RR 1.09, 95% CI 1.02-1.17). Me-
dian time to poor outcome was 3.2 years (or 1157 days, 95% CI 1090-
1261) for patients receiving a PET/SPECT and 3.5 year (or 1274 days,
95% CI 1218-1341) for control patients that did not (Figure 1, E). When
analyzed separately, patients who underwent a PET/SPECT had a
higher risk of death (RR 1.55, 95% CI 1.40-1.71) but no differences in
risk of institutionalization (Supplementary Figure 2E and J). Patients
exposed to a combination of diagnostic tests did not have a different
time to poor outcome as compared to patients receiving none or only
1 diagnostic test (Supplementary Figure 3).

Total health care costs in those who underwent CT/MRI or EEG did
not differ from those who did not (Table 2). NPE as compared to no
NPE during the diagnostic trajectory was associated with significantly
lower total health care costs per month (difference in mean costs
eV127, 95% CI e61 to �193). Significantly higher total health care
costs per month were found in patients who underwent CSF testing
(difference in mean costs ¼ V248, 95% CI 64-433) or PET/SPECT (dif-
ference in mean costs V315, 95% CI 179-451). Mean total pharma-
ceutical costs per month were comparable for most groups but higher
in patients who underwent PET/SPECT as compared to controls (dif-
ference in mean costs V15, 95% CI 8-22) (Table 2). The costs for ChEIs
per monthwere significantly higher for patients receiving CT/MRI, CSF
testing, and PET/SPECT, but not for patients receiving NPE or EEG (CT/
MRI difference in mean costs V0.52, 95% CI 0.33-0.70; CSF testing
difference in mean costs V1.40, 95% CI 0.76-2.04; PET/SPECT differ-
ence in mean costs V0.64, 95% CI 0.21-1.06) (Table 2).

Discussion

Patients with dementia who underwent ancillary investigations
including neuroimaging (CT, MRI, SPET, or PET), CSF testing, or EEG
examination during the diagnostic phase did not have a different time
to poor outcome. Thosewho underwent PET/SPECT had a shorter time
to poor outcome as compared to controls. Undergoing an NPE during
the diagnostic phase was associated with a longer time to poor
outcome. Total mean health care costs were higher for patients un-
dergoing CSF testing or PET/SPECT scanning. Conversely, patients with
an NPE during the diagnostic workup generated lower total mean
health care costs. Pharmaceutical costs were similar for most case-
control comparisons, only patients with a PET/SPECT scan had
highermean pharmaceutical costs. The fact that many patients did not
experience a disadvantageous outcome when dementia was diag-
nosed without the use of imaging or CSF biomarker corroborates the
hypothesis that these tests may not benefit patients with regard to
time to institutionalization or death.

Strengths of this study are the large number of patients included,
the population-based design, and the complete and long-term follow-
up for our outcomes. Our study is based on health care insurance
reimbursement data and due to almost complete coverage of the
Dutch health care insurance system,21 the effects of selection bias and
loss to follow-up are negligible. However, our study has several limi-
tations. Privacy legislation in the Netherlands prohibited coupling of
reimbursement data with specific clinical characteristics, including
symptom severity at time of diagnosis. In particular, results with
respect to NPE may be influenced by confounding by indication, that
is, those in whom NPE is ordered may be in earlier stages of dementia
compared with those in whom NPE is not deemed necessary, despite
matching for age, sex, type of hospital, and comorbidity.30 PET/SPECT
scanning is mostly used to distinguish between possible cases of
frontotemporal dementia or dementia with Lewy bodies and Alz-
heimer dementia. Frontotemporal dementia and dementia with Lewy
bodies typically have a more progressive disease course, more
disability and associated costs, and a shorter median survival than
AD.31e34 In a nationwide study, based on health insurance data,
potentially relevant questions relating to clinical details remain
necessarily unanswered. A second limitation is that the accuracy of
identified dementia cases with routinely collected health data varies



Fig. 1. Kaplan-Meier analysis of time to poor outcome (institutionalization or death) in
patients receiving an ancillary testing as compared to matched controls. (A) CT/MRI vs
controls, (B) NPE vs controls, (C) EEG vs controls, (D) CSF vs controls, (E) PET/SPECT vs
controls.
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per setting and data source.35 However, an American study showed
that insurance claim data perform relatively well, with a sensitivity of
85% and specificity 89% for all cause dementia.36

These results underscore the pivotal role of the clinical examina-
tion, which is supported by most guidelines. In a systematic review
from 2015 on dementia practice guidelines, only 9 of 39 guidelines
recommended to perform structural imaging in a specialist care
setting.1 Main argument for the use of neuroimaging or other
biomarker tests during the diagnostic phase of dementia is ruling out
of reversible causes of dementia and facilitating an early diagnosis.
However, actual reversal of dementia is extremely rare (<<1%).37,38

Moreover, use of diagnostic testing is not without drawbacks. Hospi-
tal visits to undergo testing can be burdensome for older patients and
the use of biomarkers have potential side effects, including adverse
procedural events39 and the consequences of false positive test results
or incidental findings.40 The rationale behind striving for an “early”
diagnosis is the suggestion that it could delay institutionalization by
optimizing care and support in the home setting in order for patients
to be able to stay at home.41 This was not confirmed by our findings,
although other studies presented conflicting results. A recent non-
randomized study compared time to institutionalization or death and
health care costs in 2 groups of relatively young patients referred to a
tertiary memory clinic, inwhich the intervention group underwent an
amyloid PET scan to facilitate a more precise diagnosis as compared to
a propensity scoreematched control group.42 They reported a lower
hazard of poor outcome in patients who underwent amyloid PET
(hazard ratio 0.54, 95% CI 0.40-0.73). These disparate results are likely
attributable to a much younger study population, showing that the
clinical utility of amyloid PET may be higher in rare young-onset de-
mentia cases. Another population-based study found a higher rate of
institutionalization among patients that consulted a specialist early in
the disease course (hazard ratio 2.00, 95% CI 1.09-3.64).43 However, if
more efficacious disease-modifying therapies for Alzheimer disease
may become available in the future, this could have an impact on
diagnostic procedures.

Our secondary outcome was health care costs. Worldwide, total
dementia-related costs are estimated to be around 1% of the global
gross domestic product, and 0.65% if informal care costs are
excluded.44 Institutionalization is the main cost driver in dementia
care, with on average threefold higher costs for the population living
in a long-term care facility. In contrast, in the community-based
population, the main cost drivers are pharmaceutical costs and
nonmedical support.45 The use of ancillary testing could influence
health care costs in 2 ways. First, by influencing time to institution-
alization: an early diagnosis could provide an opportunity for timely
interventions to support (in)formal care at home and hence postpone
institutionalization. However, as discussed, literature is inconclusive
on this part.42,43 Second, undergoing ancillary testing contributes to
health care costs: especially in low- and middle-income countries,
direct medical costs add substantially to total health care costs.44

Critical evaluation of the indication for ancillary testing could
contribute to curtailing global dementia costs.

Our study was designed based on the principle that the purpose of
diagnostic testing goes beyond an accurate diagnosis. A diagnostic test
or procedure should also lead to a measurable improvement of pa-
tient’s health outcomes to have clinical utility.13,19 In absence of
convincing disease-modifying treatments for dementia, clinical utility
of ancillary investigations to facilitate (early) diagnosis is up for
debate. Aside from offering treatment options, a diagnosis could in-
fluence the outcome for a patient on other levels. For some patients,
diagnosis can end the uncertainty of experiencing complaints and
facilitate advance care planning. For others, receiving a diagnosis of a



Table 2
Health Care Costs per Month in Euros

Total Population CT/MRI NPE EEG CSF PET/SPECT

Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls

Total health care costs 1893 2046 2017 1711y 1838 1826 1689 1696y 1448 2105y 1789
Pharmaceutical costs 45 45 43 45 44 54 51 41 44 69y 54
Cholinesterase inhibitors costs 1.76 1.73y 1.22 1.92 1.83 2.13 1.86 3.22* 1.83 2.38y 1.73

Cases were patients with an ancillary test and controls were patients without that specific test.
*P < .01.
yP < .001.
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progressive disease for which no treatments exist may cause
emotional distress and anxiety. Individual patient preferences and the
previously mentioned considerations should all be taken into account
when finding the right timing for diagnosis.7,46,47

The lack of convincing evidence in favor of ancillary testing for
dementia diagnosis, confirmed by our study findings, supports
guideline recommendations for a strong emphasis on a clinical diag-
nostic workup in primary care. This may not only decrease diagnostic
burden for the individual patient but, in light of the expected global
increase in dementia prevalence,48 facilitate efficient use of specialist
diagnostic services.

Conclusion and Implications

Patients with dementia who underwent ancillary investigations
including neuroimaging (CT, MRI, SPECT, or PET), CSF testing, or EEG
examinations during the diagnostic phase did not have a different time
to poor outcome. Patients who underwent NPE testing had a slightly
longer time to poor outcome, potentially due to confounding by indi-
cation. Health care expenses were higher in patients who underwent
CSF testing or PET/SPECT scanning as part of the diagnostic workup for
dementia. The already overburdened health care systems and society as
a whole may benefit from reducing the number of ancillary in-
vestigations in dementia diagnostics, without harming patients and
caregivers. To definitively answer the question if patients who were
diagnosed using ancillary investigations fare better than those who
were not, a randomized controlled diagnostic trial is required.13,19
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Supplementary Material 1: Pharmacy-Based Cost Group (PCG).

This is a model used in the Dutch health care insurance sector since
2002 for risk-adjusted capitation.1 Pharmaceuticals prescribed to an
individual for more than 6 months in the base year are regarded as
Supplementary Figure 1. Timeline of study. Diagnostic phase between January 2015 and D
between January 2018 and December 2021.
markers of an associated chronic condition in that year. PCGs used in
this study include only somatic conditions. It is shown that PCGs are
good predictors for future direct health care costs.2 Somatic PCGs in
this model include diabetes, cardiovascular, autoimmune, kidney,
respiratory, and oncologic diseases.
ecember 2018, diagnosis of dementia between January and December 2018, outcome



Supplementary Figure 2. Kaplan-Meier analysis separated for time to institutionalization (left) and time to death (right) in patients receiving diagnostic testing as compared to
controls: (A) CT/MRI vs controls, (B) NPE vs controls, (C) EEG vs controls, (D) CSF testing vs controls, (E) PET/SPECT vs controls, (F) CT/MRI vs controls, (G) NPE vs controls, (H) EEG vs
controls, (I) CSF testing vs controls, (J) PET/SPECT vs controls.

J.E. Lindhout et al. / JAMDA 25 (2024) 1050408



Supplementary Figure 3. Kaplan-Meier analysis comparing patients receiving a bat-
tery of tests (4 or 5) to controls receiving none or just 1 test for (A) time to poor
outcome, (B) time to institutionalization, and (C) time to death.
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