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Abstract.
Background: The entorhinal cortex is the very earliest involvement of Alzheimer’s disease (AD). Grid cells in the medial
entorhinal cortex form part of the spatial navigation system.
Objective: We aimed to determine whether path integration performance can be used to detect patients with mild cognitive
impairment (MCI) at high risk of developing AD, and whether it can predict cognitive decline.
Methods: Path integration performance was assessed in 71 patients with early MCI (EMCI) and late MCI (LMCI) using
a recently developed 3D virtual reality navigation task. Patients with LMCI were further divided into those displaying
characteristic brain imaging features of AD, including medial temporal lobe atrophy on magnetic resonance imaging and
posterior hypoperfusion on single-photon emission tomography (LMCI+), and those not displaying such features (LMCI–).
Results: Path integration performance was significantly lower in patients with LMCI+than in those with EMCI and LMCI–.
A significantly lower performance was observed in patients who showed progression of MCI during 12 months, than in those
with stable MCI. Path integration performance distinguished patients with progressive MCI from those with stable MCI, with
a high classification accuracy (a sensitivity of 0.88 and a specificity of 0.70).
Conclusions: Our results suggest that the 3D virtual reality navigation task detects prodromal AD patients and predicts
cognitive decline after 12 months. Our navigation task, which is simple, short (12–15 minutes), noninvasive, and inexpensive,
may be a screening tool for therapeutic choice of disease-modifiers in individuals with prodromal AD.
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INTRODUCTION

In recent years, disease-modifying drugs of
Alzheimer’s disease (AD), such as lecanemab, which
target and remove amyloid-� from the brain have
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been approved for the treatment of early AD and
mild cognitive impairment (MCI) due to AD.1 There-
fore, the identification of AD in its earliest stages is
needed to make therapeutic choices that can delay
or prevent the onset of dementia. The detection of
prodromal AD is very challenging. Biomarkers and
amyloid and/or tau positron emission tomography
(PET) examinations provide useful information to
improve the diagnosis of prodromal AD. Recently,
blood-based biomarkers are likely to be game chang-
ers in AD diagnosis. However, it is difficult to
determine blood-based maker changes correlating
with cognitive symptoms at early stages of AD.
Therefore, simple and noninvasive tools to detect
early AD and to predict cognitive decline of MCI
patients are required.

The entorhinal cortex is affected at a very early
stage of AD.2 Grid cells, mainly in the medial
entorhinal cortex, form part of the spatial navigation
system.3,4 In an AD mouse model, tau pathology in
the entorhinal cortex has been associated with grid
cell dysfunction and spatial navigation deficits.5,6

Path integration is a navigation process to keep track
of one’s position, by integrating self-motion cues.7

Human studies have shown that path integration per-
formance decreases with increasing age in normal
volunteers,6,8 and is also impaired in adults who
are APOE4 carriers,9–11 have a family history of
dementia, or have AD risk factors,12 in addition
to patients with amnestic MCI and early stage of
AD.13–17 Functional magnetic resonance imaging
(fMRI) studies demonstrated that reduced grid-like
fMRI signals were associated with impairment of
path integration performance.8–10,12 These studies
suggest that path integration deficits are the initial
behavioral change that occurs in early AD, prior to
memory impairment.12 Therefore, path integration
performance has the potential to be a sensitive marker
in clinical practice for the detection of prodromal
AD.

A variety of different paradigms to test spatial
navigation have been reported to date. We recently
developed a 3D virtual reality (VR) navigation
test that measures the individual abilities of path
integration.6 This test is simple and noninvasive. The
test takes only approximately 12 to 15 min. In the
present study, we aimed to determine whether the
analysis of path integration performance using VR
goggles can identify prodromal AD (MCI patients
at increased risk of developing AD). In addition, we
investigated the association between path integration
deficits and cognitive changes during the follow-up

period, to determine whether path integration can
predict the cognitive decline of patients with MCI.

MATERIALS AND METHODS

Participants

Patients with amnestic MCI (n = 73, 31 men and 42
women; mean age: 74.4 years, range: 51–85 years)
were enrolled between October 2021 and February
2024 from the Memory Clinic at Tokyo General
Hospital. All patients underwent detailed physical,
neurological, and psychiatric examinations, exten-
sive laboratory tests, and MRI and single-photon
emission computed tomography (SPECT). Although
patients with mild white matter hyperintensity lesions
on MRI (grade 0–2 based on the scale of Fazekas
et al.18) were included, those with infarctions or
severe white matter hyperintensity lesions (grade 3)
were excluded. Patients with psychiatric diseases,
substance use disorders, and traumatic brain injuries
were also excluded. All patients had normal or
corrected-to-normal vision.

The diagnosis of MCI was based on the AD Neu-
roimaging Initiative (ADNI) criteria19 for MCI, as
follows: 1) subjective memory complaints reported
by themselves, study partner, or clinician; 2) objective
memory loss defined as scoring below an education-
adjusted cut-off score on delayed recall of Story A of
the Wechsler Memory Scale-revised (WMS-R) Log-
ical Memory test (maximum 25 points). Early MCI
(EMCI) was considered to be a score of 9 to 11 for
those with 16 or more years of education, a score
of 5 to 9 for those with 8 to 15 years of education,
or a score of 3 to 6 for those with 0 to 7 years of
education. Late MCI (LMCI) was considered to be
a score of 8 or lower for those with 16 or more
years of education, a score of 4 or lower for those
with 8 to 15 years of education, or a score of 2 or
lower for those with 0 to 7 years of education; 3) a
global Clinical Dementia Rating score of 0.5; 4) suf-
ficiently preserved general cognitive and functional
performance such that a diagnosis of dementia could
not be made; and 5) Mini-Mental State Examination
(MMSE)20 score between 24 and 30. Patients with
MCI were divided into those with characteristic brain
imaging features of AD, including medial temporal
lobe (MTL) atrophy on MRI and posterior hypoper-
fusion on SPECT (MCI+), and those without these
features (MCI–).

Cognitive functions were assessed using the
MMSE, the Montreal Cognitive Assessment



H. Hanyu et al. / Path Integration in Prodromal AD 653

(MoCA),21 and the WMSR-Logical Memory test.
Although patients with clinically diagnosed depres-
sion were excluded, Geriatric Depression Scale-15
(GDS-15)22 scores were compared among MCI
groups.

Patients with MCI who were followed for approx-
imately 12 months were assessed regarding changes
in their neuropsychological test results, and were
divided into progressive MCI (pMCI) and stable MCI
(sMCI). pMCI included patients with an average
score of MMSE and MoCA changes (last score – ini-
tial score) [(�MMSE + �MoCA)/2] of less than –2,
and sMCI included patients with an average score of
–2 or more. Patients who were admitted to hospital
or nursing homes during the follow-up period were
excluded from the longitudinal study.

The study design was approved by the ethics
review board of National Institutes for Quantum Sci-
ence and Technology and Tokyo General Hospital
and all patients provided written informed consent
before participating in this study.

MRI and SPECT analyses

The atrophy of MTL structures displayed on MRI
(Siemens MAGNETOM Avanto 1.5T MRI system),
including the entorhinal cortex and the parahip-
pocampal gyrus, was assessed using the automated
software program, voxel-based specific regional anal-
ysis system for AD, which is widely used for the
clinical diagnosis of AD in Japan.23 Based on the Z-
score obtained in the target voxel of interest (MTL
structures including CA1, CA2, CA3, dentate gyrus,
subiculum, entorhinal cortex, Brodmann 35, and
Brodmann 36), the severity of atrophy in each patient
was classified as grade 0 (Z-score < 1.0, no atrophy),
grade 1 (1.0 ≤ Z-score < 2.0, mild atrophy), and grade
2 (Z-score ≥ 2.0, moderate to severe atrophy).

The severity of hypoperfusion in the posterior
cerebral lobe, including the parietal and posterior
cingulate regions, was assessed by SPECT (E.CAM
Signature gamma camera with a low medium energy
general purpose collimator). Perfusion SPECT data
after an intravenous injection of 222 MBq of
N-isopropyl-p-[123I] iodoamphetamine were pro-
cessed using the 3D stereotactic surface projection
method.24 Hypoperfusion in the right and left pari-
etal lobes and posterior cingulate gyri was analyzed
using the computer-assisted diagnostic system, Z-
score summation analysis method.25 The extent of
hypoperfusion in each patient was classified as grade
0 (hypoperfusion in neither the parietal cortex nor the

posterior cingulate), grade 1 (hypoperfusion in either
the parietal cortex or the posterior cingulate), and
grade 2 (hypoperfusion in both the parietal cortex and
the posterior cingulate). Brain imaging abnormalities
were graded between 0 and 4 by summing the MRI
data (grades 0 to 2) and SPECT data (grades 0 to 2),
and this score was defined as the AD score. A higher
AD score indicates more severe imaging abnormal-
ities characteristic for AD, and a lower AD score
indicates less severe imaging abnormalities charac-
teristic for AD. In this study, MCI+was defined as
an AD score of 2 or more, and MCI– was defined as
an AD score of 1 or less. The methods of MRI and
SPECT data acquisition have been described in detail
elsewhere.26

VR path integration task

The VR space consists of a 20 virtual meter (vm)
diameter virtual arena surrounded by a 3 vm high
wall. Subjects wearing 3D VR goggles seated on a
swivel chair operate their movements with a joystick
(forward and backward movements), and by rotating
their body (right and left movements). The software
and VR goggles have been described previously,15

and were provided by MIG Inc. (Tokyo, Japan:
https://www.medicalig.com).6

First, subjects wearing the VR goggles go to an
indicated location A (a yellow flag), then to a differ-
ent indicated location B (a red flag), and finally return
to the starting point (Fig. 1). As the flags that serve as
landmarks disappear, participants primarily use ego-
centric navigation for path integration. However, the
virtual space is designed in such a way that it does not
interfere with allocentric navigation, in which partici-
pants use minimal visual cue information. Therefore,
it is reasonable to conclude that this task assesses
subjects’ path integration abilities based on mainly
self-motion and the limited visual cue information.
Therefore, it is reasonable to conclude that this task
assesses subjects’ navigation abilities based on self-
motion information. The return time is 1 min, and the
position after 1 min is considered the end position of
that subject (point X). The subject position during
traveling was recorded every 0.5 s. The path integra-
tion error (the distance between the subject’s final
position and the actual starting point) and angular
error, which was angle between the path of the subject
and the ideal direction (the angle between the straight
line connecting the goal and the starting point, and
the straight line connecting the average direction of
travel from the goal to point X) were measured. The

https://www.medicalig.com
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Fig. 1. Path integration task. A) Illustration of the path integration task. A subject wearing the VR goggles goes to the indicated location
A (yellow flag), and then to a different indicated location B (red flag), and finally returns to the starting point. Point X is the final position,
which is hence the point that the subjects consider to be the starting position. The path integration error (the distance between the subject’s
final position and the actual starting point), and angular error (the rotation angle between the straight line connecting the goal and the starting
point, and the straight line connecting the goal and point X) were measured. B) Demonstration of the VR equipment, with a subject wearing
3D VR goggles seated on a swivel chair during the task. C) An example of the environment that is observed from the goggles, showing the
yellow flag.

average direction of travel was obtained by calculat-
ing the regression line of traveling from the goal to
point X. The subjects took the test 3 times, and the
averages of the error distance and angular error were
used as indices of path integration performance. All
3 trials started from different locations and returned
from different locations, but the distance from the
location of the red flag to the starting point remained
constant. Each trial takes only a few minutes. After a
practice trial, 3 actual trials are performed. The total
test time of the path integration task for each partic-
ipant (including a practice trial and 3 actual trials) is
about 12 to 15 min.

Statistical analysis

Values are expressed as the mean ± standard devi-
ation (SD). The demographic variables, cognitive test
scores, and path integration errors were compared
among the MCI groups. The quantitative variables
were compared using one-way analysis of variance
and the Bonferroni correction post-hoc test or Student
t-test. The differences among the qualitative variables
were calculated using the χ2 test. Neuropsychologi-
cal data were analyzed using analysis of covariance
with age and education as covariates. Correlations
between cognitive test scores and path integration
performance, and between cognitive test scores and
AD scores were analyzed using Spearman’s rank cor-

relation test because of nonparametric data analyses
(such as for cognitive test and AD scores). The abil-
ity to distinguish pMCI patients from sMCI patients
using path integration performance (distance errors
and angular errors) and AD scores was compared
using measured area under the curve of the receiver
operating characteristic (ROC). A p-value of less than
0.05 was considered to indicate a statistically signifi-
cant difference between groups. SPSS 26.0 software
was used for all statistical analyses.

RESULTS

We obtained results from 71 of the 73 patients
with MCI, because 2 patients (2.7%) experienced VR
sickness and were unable to perform the test.

1) Differences in demographics and path integra-
tion performance among the EMCI, LMCI–,
and LMCI+groups

Table 1 shows differences in demograph-
ics among the EMCI (n = 14), LMCI– (n = 20),
and LMCI+ (n = 37) groups. As among the
14 patients with EMCI, only 3 were EMCI+,
whereas 11 were EMCI–, both EMCI– and
EMCI+patients were included in the EMCI
group in this study. There were no signifi-
cant differences in age, sex, MMSE, MoCA,
and GDS-15 scores, and education among the
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groups. By definition, WMS Logical Mem-
ory scores were significantly lower in the
LMCI+ and LMCI– groups than in the EMCI
group, and AD scores were significantly higher
in the LMCI+group than in the EMCI and
LMCI– groups. Path integration error (vm)
and angular error (degrees) were 4.82 ± 2.25
and 16.44 ± 8.90, respectively, in the EMCI
group, 4.86 ± 1.82 and 15.63 ± 8.58, respec-
tively, in the LMCI– group, and 7.53 ± 3.48 and
31.40 ± 22.9, respectively, in the LMCI+group,
but no significant differences were observed
between the LMCI– group and the EMCI group
(Fig. 2). Among all patients with MCI, MMSE
and MoCA scores did not correlate significantly
with the path integration error or the angular
error.

2) Differences in demographics and path inte-
gration performance between the pMCI group
and the sMCI group Forty-five patients with
MCI who were followed for approximately 12
months (mean duration: 12.4 months; range:
6–24 months) were divided into the pMCI
(n = 8) and sMCI (n = 37) groups. Table 2 shows
the differences in demographics between the
pMCI group and the sMCI group. As 8 out
of the 23 patients with LMCI+had progres-
sive disease, whereas the others had stable
symptoms during the follow-up study, the
proportion of LMCI + patients differed signif-
icantly between the pMCI group and the sMCI
group (100% [pMCI] versus 41% [sMCI]).
There were no significant differences in age,
sex, MMSE, MoCA, and GDS-15 scores, edu-
cation, follow-up time, and use of anti-dementia
medications (cholinesterase inhibitors and
memantine hydrochloride) between the groups.
AD scores were significantly higher in the
pMCI group than in the sMCI group. Regarding
path integration performance, path integration
error and angular error were 10.34 ± 3.28 and
59.13 ± 27.51, respectively, in the pMCI group,
and 5.66 ± 2.58 and 19.41 ± 12.38, respec-
tively, in the sMCI group. Both path integration
error and angular error were significantly higher
in the pMCI group than in the sMCI group
(Fig. 3). The average scores of MMSE and
MoCA changes during the follow-up period
correlated significantly with the error distance,
angular error, and AD scores (Fig. 4). We also
obtained the same results in Pearson’s correla-
tion test.
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Fig. 2. Path integration performance in patients with EMCI, LMCI–, and LMCI+. Box and Whisker plots showing the distribution of
path integration error (A) and angular error (B) in patients with EMCI, LMCI–, and LMCI+. The median is represented as line located in
the middle of the box. The top and bottom of the box are the 75th and 25th percentiles respectively, and the ends of the whiskers are the 75th
(or 25th) percentile ± 1.5×interquartile range. The circle represents outliers. EMCI, early MCI; LMCI–, late MCI with an AD score of less
than 2; LMCI+, late MCI with an AD score of 2 or higher.

Table 2
Comparison of demographics between the pMCI group and the sMCI group

Demographic factors pMCI sMCI p

No. of patients 8 37
MCI subtype (EMCI/LMCI–/LMCI+) 0/0/8 8/14/15 0.009 (df = 2)
Age, y 72.1 ± 8.7 75.0 ± 6.7 0.279
Sex (male/female) 2/6 13/24 0.883
Education, y 14.3 ± 1.7 13.7 ± 2.2 0.513
Baseline
MMSE 27.1 ± 2.0 26.4 ± 1.9 0.321
MoCA 22.5 ± 2.3 22.2 ± 2.5 0.729
GDS-15 4.4 ± 3.7 3.5 ± 3.0 0.128
WMSR-LM Story A 0.7 ± 1.5 2.3 ± 2.8 0.161
Duration of follow-up, months 13.7 ± 4.5 12.1 ± 4.3 0.338
Use of anti-dementia medications (%) 8 (100%) 23 (62%) 0.092
Average MMSE and MoCA score changes –4.8 ± 1.8 0.6 ± 1.8 <0.0001
AD score 2.3 ± 0.7 1.5 ± 1.1 0.027

Values are shown as the mean ± SD. MMSE, Mini-Mental State Examination, MoCA, Montreal Cognitive
Assessment; WMSR-LM, Wechsler memory scale-revised – Logical Memory; GDS, Geriatric Depression
Scale; pMCI, progressive MCI; sMCI, stable MCI; EMCI, early MCI; LMCI–, late MCI without AD brain
imaging features; LMCI+, late MCI with AD brain imaging features; df, degrees of freedom.

3) Classification accuracy of pMCI and sMCI
using path integration performance As there
were no significant differences in the results
of baseline neuropsychological tests (WMSR-
LM Story A, MMSE, and MoCA) between
the pMCI and sMCI groups, we investigated
the classification accuracy of pMCI and sMCI
patients using path integration performance
and AD score. Figure 5 shows ROC plots

for the classification of pMCI and sMCI. The
classification accuracy of pMCI and sMCI
was relatively higher using path integration
performance than using the AD score (sen-
sitivity and specificity of 0.88 and 0.70,
respectively, for path integration error [cut-
off = 7.22 vm], 0.88 and 0.70, respectively,
for angular error [cut-off = 23.75 degree] and
1.00 and 0.53, respectively, for AD score
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Fig. 3. Path integration performance in patients with pMCI and sMCI. Box and Whisker plots showing the distribution of path
integration error (A) and angular error (B) in patients with pMCI and sMCI. The median is represented as line located in the middle of
the box. The top and bottom of the box are the 75th and 25th percentiles respectively, and the ends of the whiskers are the 75th (or 25th)
percentile ± 1.5×interquartile range. The circle represents outliers. pMCI, progressive MCI; sMCI, stable MCI.

Fig. 4. Correlations of average MMSE and MoCA score changes with path integration performance and AD score.

[cut-off = 2]), although the difference was not
statistically significant (path integration error
versus angular error, p = 0.751; path integration
error versus AD score, p = 0.079; angular error
versus AD score, p = 0.074).

DISCUSSION

We found that the path integration task6 could
differentiate patients with LMCI+from those with
LMCI– and EMCI, although MMSE and MoCA
scores did not differ among the groups. Path integra-
tion performance was significantly lower in patients

with pMCI than in those with sMCI, and also cor-
related significantly with average scores of MMSE
and MoCA changes during the follow-up period. We
found that path integration performance was able
to distinguish patients with pMCI from those with
sMCI with a high sensitivity and a high specificity,
although there were no significant differences in clas-
sification accuracy between path integration and AD
score. These results suggest that our VR navigation
test is able to detect patients with prodromal AD, and
can predict cognitive decline. Because our 3D VR
path integration test is simple, noninvasive, inexpen-
sive, and requires only a short time (approximately
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Fig. 5. Receiver operating curves for pMCI and sMCI classi-
fications. pMCI, progressive MCI; sMCI, stable MCI; AUC, area
under the curve.

12–15 min), it may be a useful screening test for thera-
peutic choice of disease-modifiers in individuals with
prodromal AD.

Previous studies showed that path integration
was impaired in patients with amnestic MCI.13–17

However, clinically diagnosed MCI is a patholog-
ically heterogeneous disorder.27,28 In addition to
AD pathology (neurofibrillary tangles mainly in the
entorhinal cortex and hippocampus, corresponding to
Braak stages 3 and 4), underlying brain pathologies
of MCI include cerebrovascular lesions, Lewy bod-
ies, TDP-43, argyrophilic grains, and others. Mixed
pathologies are often observed in older patients.
These pathological alterations likely affect navi-
gational performance. We classified patients with
amnestic MCI into those with EMCI and LMCI
according to their severity of memory impairment
based on ADNI criteria,19 because the prognosis
and clinical course might differ between EMCI and
LMCI.29 Patients with LMCI were moreover clas-
sified into those with LMCI+and LMCI– based on
brain imaging results. As MTL atrophy and posterior
hypoperfusion and hypofunction are characteristic
imaging markers for AD that reflect AD pathology,
patients with LMCI+are considered to have prodro-
mal AD or be at increased risk of developing AD.30

In the present study, we found no significant corre-
lations between path integration errors and cognitive
impairments. The MMSE and MoCA are widely used
as screening tests to assess global cognitive function,
but do not include a domain of spatial navigation. Path
integration differentiated patients with LMCI+from
those with EMCI and LMCI–, even though conven-
tional cognitive test scores (MMSE and MoCA) did
not differ between these groups. Navigational errors
in patients with EMCI and LMCI– were found to be
comparable to those of normal volunteers in our pre-
vious study.6 These findings are consistent with the
results from a study by Howett at al.15 Structural and
functional MRI studies demonstrated that volume and
signal changes in the entorhinal cortex and hippocam-
pus correlate with navigational errors,8–10,12,15,16

supporting the role of the entorhinal cortex and hip-
pocampus in path integration.

The detection of individuals who are likely show-
ing signs of early cognitive decline among patients
with prodromal AD is even more required in clinical
practice, after the advent of disease-modifying ther-
apies. The importance of cerebrospinal fluid (CSF)
biomarkers,31 fluorodeoxyglucose PET,32 amyloid
PET,33 SPECT,30 and MRI34 for predicting the
conversion from MCI to AD has been described.
However, there are few simple and noninvasive tools
to predict the conversion of or cognitive decline of
MCI patients. Wood et al.35 demonstrated that spatial
memory testing based on the cognitive map theory of
hippocampal function predicts the conversion from
MCI to dementia. Although the aim of our present
study was not to determine whether the path integra-
tion task can predict the conversion from MCI to AD,
we were able to differentiate patients with pMCI from
those with sMCI during 12 months, with a higher clas-
sification accuracy than AD scores. We believe that
if a path integration test is added, individuals who are
at high risk of developing AD can easily and accu-
rately be identified. Then, CSF biomarkers and/or
PET analyses can be performed to confirm amyloid
accumulation in the brain before anti-amyloid ther-
apy is started. Our results suggest that the task used in
this study may be a simple screening test for the detec-
tion of MCI patients at high risk of developing AD
(prodromal AD or progressing MCI), for considering
anti-amyloid therapy.

Our study has some limitations. First, previ-
ous studies showed age-associated changes and sex
differences in path integration performance.6,8,12

Although we found no significant differences in age
and sex between the MCI groups, the consideration
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of age- and sex-adjusted navigational errors may be
necessary to compare differences between the groups.
As none of the participants showed any improvement
in path integration performance in the 3 trials, we
believe that there is no practice effect in this task.
Second, our sample included patients with single-
domain and multiple-domain amnestic MCI. As some
researchers described that spatial navigation deficits
differ between single-domain and multiple-domain
amnestic MCI subjects,13,16 different performance
results may be obtained for patients of each MCI
subtype. Third, our follow-up duration was relatively
short (about 12 months). Patients with sMCI may
also show significant cognitive decline after a longer
follow-up period. Further studies with MCI subtypes
and longer follow-up periods will be needed to con-
firm our results. Finally, it has been suggested that
path integration involves the integration of multiple
sources of information across a wide neural network.7

Castegnaro et al.17 described that path integration
reflects multiple subprocesses. In our path integration
test, participants had access to self-motion infor-
mation, boundary cues, and distant cues. Therefore,
path integration errors may not solely reflect specific
neural circuit disorders due to pathological devel-
opments in AD. To investigate the exact correlation
with AD pathology, we plan to measure other types
of path integration errors specifically associated with
the development of AD pathologies and investigate
their correlation with AD biomarkers.

Conclusion

Our 3D VR path integration task is able to dif-
ferentiate patients with MCI who are at high risk
of developing AD from those representing a het-
erogenous population, despite these patients showing
comparable results in conventional cognitive tests.
Moreover, our task predicts cognitive decline after
12 months in patients with MCI. This simple test
is equivalent to or better than expensive, time-
consuming and invasive neuroimaging to detect
heightened risk of future AD. Our path integration
task may hence have the potential as a screening tool
in clinical practice for therapeutic choices of disease-
modifying therapies in individuals with prodromal
AD and early cognitive decline.
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