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Abstract

Background During COVID-19 lockdown measures, memory clinic patients reported worries for faster cognitive
decline, due to loss of structure and feelings of loneliness and depression. We aimed to investigate the impact of the
COVID-19 lockdown on rate of cognitive decline in a mixed memory clinic population, compared to matched histori-
cal controls.

Methods We included patients who visited Alzheimer Center Amsterdam 6 months to 1 week before the first Dutch
COVID-19 lockdown, and had a second visit 1 year later, after this lockdown period (n=113; 66 & 7 years old; 30%
female; n =55 dementia, n =31 mild cognitive impairment (MCl), n =18 subjective cognitive decline (5CD), n=9
postponed diagnosis). Historical controls (visit in 2016/2017 and second visit 1 year later (n=640)) were matched 1:1
to lockdown patients by optimal Mahalanobis distance matching (both groups n=113). Groups were well matched.
Differences between lockdown patients and historical controls over time in Mini-Mental State Examination, Trail Mak-
ing Test part A and B, Rey-Auditory Verbal Learning Test (RAVLT) immediate and delayed recall, and category fluency
scores were analyzed using linear mixed effect models with random intercepts. We examined differences in rate of
cognitive decline between whole groups, and after stratification in SCD, MCl, and dementia separately.

Results Lockdown patients had a faster rate of memory decline compared to controls on both RAVLT immediate
[B(SE)= —2.62 (1.07), p=0.015] and delayed recall [B(SE) = — 1.07 (0.34), p =0.002]. Stratification by syndrome diag-
nosis showed that this effect was largely attributable to non-demented participants, as we observed faster memory
decline during lockdown in SCD and MCI (RAVLT immediate [SCD: B(SE) = — 6.85 (2.97), p=0.027; MCl: B(SE) = — 6.14
(1.78), p=0.001] and delayed recall [SCD: B(SE) = —2.45 (1.11), p=10.035; MCl: B(SE) = — 1.50 (0.51), p=0.005]), but not
in dementia.

Conclusion Memory clinic patients, specifically in pre-dementia stages, showed faster memory decline during
COVID-19 lockdown, providing evidence that lockdown regulations had a deleterious effect on brain health. In indi-
viduals that may have been able to deal with accumulating, subclinical neuropathology under normal and structured
circumstances, the additional stress of lockdown regulations may have acted as a “second hit," resulting in less benefi-
cial disease trajectory.
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Background

For people with cognitive impairment or dementia,
lockdown restrictions led to disruption in formal and
informal support systems, having a major influence on
patients’ daily lives [1-3]. In earlier survey studies, we
showed that during Dutch lockdown, the restrictions on
social contact made it difficult for informal support net-
works to help their loved ones [3, 4]. In addition, non-
acute health care appointments and home care were
down-graded, day care facilities were closed, and contact
with case managers and volunteers was decreased [3].

This loss of structure and support in daily life could
imply a risk of faster cognitive decline in patients with
cognitive impairment, especially in pre-dementia stages.
In a substantial proportion of individuals with mild cog-
nitive impairment (MCI), and to a smaller extent sub-
jective cognitive decline (SCD), the underlying cause of
cognitive complaints is neurodegenerative disease [5, 6].
While individuals may be resilient to this accumulating
pathology in structured situations, the loss of structure
in combination with high levels of stress imposed by the
COVID-19 pandemic and associated lockdown measures
could tip patients over the edge, causing the underly-
ing disease to manifest sooner. Previous survey studies
show that both patients and caregivers reported wor-
ries for steeper cognitive decline during the COVID-19
pandemic [3, 4, 7, 8]. These worries were not limited to
patients with dementia, but were also reported by sub-
stantial proportions of patients with MCI and people
with SCD [3, 4, 9].

Two small previous studies reported a larger decline
in Mini-Mental State Examination (MMSE) during
lockdown than before in MCI and dementia [10, 11].
However, there were some methodological concerns,
particularly as a matched control group was lacking,
and the focus was mainly on the dementia stage while
memory clinic populations are much broader than that.
Therefore, we aimed to investigate the impact of the
COVID-19 lockdown on cognitive decline over time in
a mixed memory clinic population, including SCD, MCI,
and dementia patients, and compared them to matched
historical controls.

Methods

Participants

In this matched longitudinal study, we included
patients from the Amsterdam Dementia Cohort (ADC)
[12, 13]. We selected two groups of patients: (1) Lock-
down patients: patients with a visit at the memory clinic
6 months to 1 week before the first COVID-19 lock-
down in the Netherland (mid-March 2020), and a sec-
ond visit approximately 1 year later, after this lockdown
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period. Inclusion criteria was complete data on cogni-
tive tests. The lockdown group included patients with
a diagnosis of SCD (n=18), MCI (n=31), dementia
(n=26 Alzheimer’s dementia (AD), n=23 dementia
with Lewy Bodies (DLB), n=6 frontotemporal demen-
tia (FTD) or primary progressive aphasia (PPA)), or a
postponed diagnosis (n=9). We excluded one patient
with a psychiatric diagnosis, because of limited power
for this diagnosis group. In total, n=113 lockdown
patients were included. (2) Historical control patients:
patients with a visit at the memory clinic in 2016 or
2017, and a second visit 1 year later. We excluded n=>51
patients with another diagnosis than present in the
lockdown patient group (vascular dementia diagnosis,
psychiatric diagnosis, or other neurological diagnosis).
In total, n = 640 eligible historical control patients were
identified (=236 SCD, n=139 MCI, n=245 demen-
tia, =20 postponed diagnosis).

All patients underwent cognitive screening at Alz-
heimer Center Amsterdam, which is a tertiary memory
clinic. In general, patients referred to Alzheimer Center
Amsterdam undergo a standardized dementia baseline
diagnostic work-up [12, 13]. This baseline diagnostic
work-up consisted of neurological, physical, and neu-
ropsychological evaluation; magnetic resonance imag-
ing (MRI); laboratory tests; and lumbar puncture for
cerebrospinal fluid (CSF) measurement. After the base-
line diagnostic work-up, clinical diagnosis was made in
a multi-disciplinary meeting. Patients were diagnosed
according to the National Institute on Aging-Alzhei-
mer’s Association (NIA-AA) criteria for MCI and AD
dementia, the current consensus criteria for DLB, or
the diagnostic criteria for FTD [5, 14-18]. A diagnosis
SCD was made when the patient presented with cog-
nitive complaints, but had normal clinical and cogni-
tive test results and did not meet the criteria for MCI,
dementia, or other neurological or psychiatric condi-
tions [19]. When a clinical diagnosis remained unclear
after the baseline diagnostic work-up and multidiscipli-
nary meeting, the diagnosis was labeled as postponed
diagnosis. Patients were invited for annual follow-up
visits which include a neurological, physical, and neu-
ropsychological evaluation. For the current study, we
selected all patients who had a visit, either a baseline
diagnostic work-up or follow-up visit, during the eligi-
ble time windows (described above). Of note, patients
could therefore have a baseline visit or a follow-up visit
selected as first measurement in the current study. All
patients lived at home at the time of their visit to the
memory clinic.

If patients reported a COVID-19 infection to the
assessing physician, this information was included in the
physician’s medical letter in the electronic patient file.
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Cognitive outcomes

We used the following cognitive tests as outcome meas-
ures: Mini-Mental State Examination (MMSE; global
cognition), Trail Making Test (TMT) part A (attention
and speed) and part B (executive functioning), Rey-
Auditory Verbal Learning Test (RAVLT) immediate and
delayed recall (memory), and category fluency (language)
[20-22]. These cognitive tests are included in the yearly
neuropsychological follow-up assessment of the Alzhei-
mer Center Amsterdam [12, 13].

Matching procedure

The matching analyses were carried out in R Studio 4.2.0,
with package Matchlt [23]. Historical control patients
were matched 1:1 to lockdown patients by several match-
ing methods based on Mahalanobis distance: nearest
neighbor matching, optimal matching, full matching, and
genetic matching [24, 25]. Of these algorithms, 1:1 opti-
mal Mahalanobis distance matching gave the best overall
balance. Variables used for matching were age, sex, type
of first visit (baseline or follow-up), diagnosis at first visit,
MMSE score at first visit, and time between first and sec-
ond visit. Prior to matching, all variables were inspected
on completeness and similarity of distribution between
the lockdown and historical control group (Table e-1,
e-2 and e-3, Figure e-1, e-2 and e-3 in the supplement).
Before and after matching, balance was assessed based
on absolute standardized mean difference. Matching led
to balanced groups with absolute standardized mean
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differences under 0.1 for almost all matching variables;
see Fig. 1. Slight imbalance was present for the match-
ing variable time between visits (absolute standardized
mean difference of 0.16). Further inspection showed that
the time between visits was on average 1 month longer
in lockdown patients (14 months), compared to matched
historical controls (13 months). This difference was not
deemed relevant, and the matched set was considered
adequately balanced on the matching covariates.

Statistical analyses

We used descriptive statistics to report means and fre-
quencies. We used linear mixed effect models (LMM) to
investigate the effect of lockdown slopes of MMSE, TMT
part A and B, RAVLT immediate and delayed recall, and
category fluency. In the model, terms for time (0=visit
1, 1=visit 2), group (O=historical control patients,
1=lockdown patients), and interaction between time
and group were added. LMM analyses were performed
on matched groups. In an additional set of analyses, we
repeated the LMM analyses on the entire cohort (with-
out matching). Subsequently, we performed the LMM
analyses stratified by syndrome diagnosis: SCD, MCI,
and dementia. Due to the small number of patients with a
postponed diagnosis, we did not include these patients in
the stratified LMM analyses. Lastly, we performed a sen-
sitivity analysis, in which we performed the LMM analy-
ses for amyloid positive patients only. All analyses were

Age at visit 1 °
Sex, male ]
Sex, female ®
MMSE at visit 1
Diagnosis, DLB
Diagnosis, FTD/PPA
Diagnosis, MCI
Diagnosis, AD
Diagnosis, SCD
Diagnosis, postponed
Type visit 1, baseline °
Type visit 1, follow-up °
Time between visit 1 and 2

@]

& o All
® Matched

0.0

0.2 04 0.6 0.8
Absolute Standardized
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Fig. 1 Absolute standardized mean differences for all matching variables, before (white dots) and after (black dots) optimal Mahalanobis distance
matching. AD, Alzheimer’s dementia; DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; MCl, mild cognitive impairment; MMSE,
Mini-Mental State Examination; PPA, primary progressive aphasia; SCD, subjective cognitive decline
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carried out in SPSS Statistics version 28. P value of <0.05
was considered significant.

Results

Descriptive statistics

Demographic and clinical characteristics of matched
lockdown patients and historical control patients are

Table 1 Demographic characteristics of lockdown patients and
matched historical control patients

Matched
historical
controls

n=113(100%)

Lockdown patients

n=113(100%)

Age in years 66£7 66£7
Sex, female n=34(30%) n=34(30%)
MMSE at visit 1 2543 2543
Years of education 12+3 12+3
Diagnosis at visit 1
SCD n=18(16%) n=18(16%)
MCI n=31(27%) n=31(27%)
AD n=26(23%) n=26(23%)
FTD or PPA n=6 (5%) n=6 (5%)
DLB n=23(20%) n=23(20%)
Postponed diagnosis n=9 (8%) n=9 (8%)
Visit 1 type
Baseline n=36(32%) n=37(33%)
Follow-up n=77 (68%) n=76(67%)

Time between visit 1 and 1.2+£03 1.1£03

visit 2 (in years)

AD Alzheimer's dementia, DLB Dementia with Lewy bodies, FTD Frontotemporal
dementia, MC/ Mild cognitive impairment, MMSE Mini-Mental State Examination,
PPA Primary progressive aphasia, SCD Subjective cognitive decline
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summarized in Table 1. The lockdown patients and his-
torical controls were similar on age, sex, MMSE, years
of education, diagnosis, type of first visit, and time
between first and second visit. Amyloid status was avail-
able for most patients (lockdown patients: =79 (70%;
A +:n=51 (65%)); historical controls: #=90 (80%; A +:
n=48 (53%))). Characteristics of the whole historical
control group can be found in the supplemental material
(Table e-1).

Only two (2%) lockdown patients reported to their
assessing physician that they had been infected with
COVID-19; none of them reported a hospitalization due
to COVID-19 infection.

Cognitive decline in lockdown patients and historical
controls

Table 2 shows changes in cognitive test scores over time
between lockdown patients and historical controls. As
expected and illustrating successful matching, there
was no effect of group on baseline test performance for
any of the tests. By contrast, we found significant inter-
actions between time and group for RAVLT immedi-
ate recall [B(SE)= —2.62 (1.07), p=0.015] and delayed
recall [B(SE)= —1.07 (0.34), p=0.002], indicating faster
memory decline during lockdown; see Fig. 2. There were
no significant interactions between time and group for
MMSE, TMT part A and B, and category fluency. Exclud-
ing patients who reported a COVID-19 infection and
their matched historical controls did not change the
results. Mean cognitive test scores of visit 1 and visit 2
can be found in the supplemental material (Table e-4
in the supplement). We found similar results, i.e., faster
decline on immediate and delayed recall, and faster
decline in category fluency in lockdown patients when

Table 2 Change in cognitive test scores over time between lockdown patients and matched historical controls

MMSE TMT part A TMT part B RAVLT immediate recall RAVLT delayed recall Category fluency
B (SE) B (SE) B (SE) B (SE) B (SE) B (SE)
All diagnoses  Group —0.26(057) —523(836) —12.02(13.66) 0.31(1.59) 0.01(0.49) 0.83 (0.86)
Time x Group 0.52 (0.46) —1.57(6.18) —1.92 (8.84) —2.62(1.07)* —1.07 (0.34)** —0.61(062)
SCD Group —0.22(059) 588 (4.53) 39.03(18.94)*  —1.65(4.25) 0.28(1.32) 0.33(1.90)
Time x Group —0.72(0.64) —2.77(2.88) —4.11(9.25) —6.85(2.97)* —24501.11)* 0.23(1.91)
Mcl Group —039(0.72) —559(6.36) —591(1813) 3.17(2.28) 0.69 (0.67) 0.61(1.22)
Time x Group —0.10(0.62) 3.81(5.38) —395(1342) —6.14(1.78)** —1.50(0.51)** 0.03(1.03)
Dementia Group —0.11(085) —1222(1502) —40.39(24.18) 0.01(1.74) —0.16 (0.56) 1.07 (1.17)
Time x Group  1.24(0.79) —215(11.96) —625(20.24) 0.96(1.56) —047(0.53) —0.39(0.80)

Model: Group (0= historical controls, 1 =lockdown patients), and interaction Time x Group

MMSE Mini-Mental State Examination, MC/ Mild cognitive impairment, TMT Trail Making Test, RAVLT Rey-Auditory Verbal Learning Test, SCD Subjective cognitive

decline
"p<.05
“p<.01
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Fig. 2 RAVLT immediate (A) and delayed (B) recall trajectories in lockdown patients compared to historical controls. RAVLT, Rey-Auditory Verbal
Learning Test
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LMM analyses were repeated in the unmatched cohort
(see Table e-5 in the supplement).

Subsequently, we stratified by syndrome diagnosis and
found that the effect of lockdown measures on memory
was mostly attributable to non-demented patients. Inter-
actions between time and group for SCD and MCI were
significant, but not for dementia on RAVLT immedi-
ate recall [SCD: B(SE)= —6.85 (2.97), p=0.027; MCL:
B(SE)= —6.14 (1.78), p=0.001] and delayed recall [SCD:
B(SE)= —2.45 (1.11), p=0.035 MCL B(SE)= —1.50
(0.51), p=0.005]; see Table 2 (demographic character-
istics stratified by syndrome diagnosis are summarized
in Table e-6). There were no significant interactions
between time and group on any other cognitive outcome
measure.

Finally, we performed a sensitivity analysis, restricted
to amyloid-positive patients only. We found similar
results, i.e., faster decline on immediate and delayed
recall, in lockdown patients [RAVLT immediate recall:
B(SE)= —3.91 (1.84), p=0.037; RAVLT delayed recall:
B(SE)= —2.18 (0.63), p<0.001].

Discussion

We showed that cognitive decline, specifically in mem-
ory, was faster during COVID-19 lockdown than usually.
Especially pre-dementia (SCD and MCI) patients were
more prone to faster memory decline during lockdown.
This provides evidence for the notion that COVID-19
lockdown regulations further increased the risk of pro-
gression in patients at risk of dementia.

Our results add important evidence to current litera-
ture on cognitive decline in times of COVID-19 lock-
down. Former studies have suggested that patients, but
also cognitively healthy individuals, experienced more
cognitive failures during lockdown. However, this was
self-reported in survey studies and not measured by
objective cognitive testing [3, 4, 9]. In these survey stud-
ies, the most frequently reported cognitive failures were
associated with memory function [9]. Two small studies
objectively tested cognition and showed worse cognitive
outcome in memory clinic patients during lockdown [10,
11], and specifically in memory function [10]. However,
these two studies did not have a (matched) control group
for comparison. Our results, using carefully matched
groups and by means of standardized neuropsychologi-
cal tests, show that the effect was most prominent on
memory and in patients with SCD and MCI, rather than
dementia.

Episodic memory is the most prominently impaired
cognitive domain in early AD [26, 27]. In addition, the
association between amyloid and hippocampal atrophy
are early biomarkers of AD [27]. As such, it is plausible
that the observed effect in the present study was in the
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episodic memory domain. This also fits with the find-
ings of the sensitivity analysis where we restricted the
analysis to amyloid positives only and found similar or
even somewhat more pronounced results. An alternative
explanation is that tests for memory, such as the RAVLT,
have better test properties in terms of normal distribu-
tion, validity, and responsiveness to change than tests for
other cognitive domains, and this could also contribute
to our finding.

In a large proportion of MCI patients, the underlying
cause of cognitive complaints is Alzheimer’s disease [5].
The loss of structure in combination with a stressful situ-
ation such as COVID-19 pandemic could have caused
the disease to clinically unfold sooner than it would have
done otherwise. This line of reasoning may even hold for
some of the individuals with SCD, where the lockdown
measures could have contributed to clinical manifesta-
tion of the underlying disease [6]. When we stratified
our analysis for syndrome, we indeed found that findings
were strongest for individuals with MCI and SCD. Fur-
thermore, poor social activity is a risk factor for cognitive
decline and dementia [28—-30]. It is conceivable that lock-
down restrictions had impact on social activity, particu-
larly in patients with SCD and MCI. Contrary to former
studies, we did not find an effect of lockdown measures
on cognitive decline in dementia patients. There are a
number of potential explanations; firstly, patients with
dementia may have already functioned at a bottom level
at baseline, obscuring a (faster) decline in cognitive test
scores over time. Secondly, in dementia patients, faster
progression could manifest in non-cognitive signs and
symptoms, instead of cognitive decline. In previous
survey studies, more behavioral symptoms in memory
clinic patients (i.e., apathy, changes in sleeping behavior,
repetitive behavior, and aggression) were reported dur-
ing lockdown by a great amount of caregivers, and even
a small proportion of patients themselves [3, 4]. Finally,
it is conceivable that the dementia patients experienc-
ing fastest progression did not come back for repeated
assessment to the clinic, due to institutionalization or
mortality. COVID-19 lockdown might also have affected
the mortality rate and causes of death in this vulnerable
group of patients. Future research is necessary to study
whether COVID-19 lockdown affected mortality rate in
this group of patients, for example by linking to external
registries in the Netherlands (e.g., Statistics Netherlands).

In previous survey studies, caregivers reported worries
for faster cognitive decline in patients with dementia [3,
4]. It is possible that these worries reflect increased car-
egiver burden during COVID-19 lockdown, rather than
actual decline. Along another line of reasoning, it could
be the case that patients with dementia were less aware
of the disturbance in daily life caused by the COVID-19



Bakker et al. Alzheimer’s Research & Therapy (2023) 15:81

restrictions, because of less general consciousness due to
their illness, or experienced less stress during lockdown
than pre-dementia patients [31, 32].

Among the limitations of the current study is that all
patients were included in a tertiary memory clinic, which
might not give a general representation of memory clinic
patients in the Netherlands. However, our mixed sam-
ple included SCD, MCI, and dementia patients and thus
represents the full cognitive continuum. Another poten-
tial limitation is potential selection bias, as lockdown
patients were pre-screened by their assessing physician
via telephone before their second visit, due to COVID-
19 measures. The assessing physician decided whether
it was necessary to plan a physical visit, which may have
resulted in a different mix of patients visiting our center
for follow-up than before COVID-19. Nonetheless, the
indication for a visit varied greatly; from patient’s and
caregiver’s questions about care and support network, a
physical visit at the request of patient or caregiver, to sus-
picion of cognitive decline by the physician. Additionally,
reasons for not returning to the clinic after 1 year may
have been different for the lockdown and the histori-
cal control groups. For example, more people may have
died or been seriously ill during follow-up in the lock-
down group (due to COVID-19 infections). This may
have led to an underestimation of the effect. This pre-
screening and attrition might have caused a potential
selection bias, which we have attempted to mitigate by
our careful matching procedure, including the variables
diagnosis and MMSE score. Furthermore, information
on COVID-19 infection among patients during the pan-
demic was only available by self-report. There might be
an underrepresentation of the actual COVID-19 infec-
tions among our patients. However, it will be unlikely
that many patients experienced a COVID-19 infection
without noticing this, especially in the first year of the
pandemic when the COVID-19 virus caused more severe
symptoms than later in the pandemic. Lastly, important
to acknowledge is the variability in COVID-19 lock-
downs between different countries. As different restric-
tions against COVID-19 were issued across countries
worldwide, comparison with studies on cognitive decline
during lockdown in other countries must be done with
caution. Nonetheless, the impact of COVID-19 pandemic
on patients’ lives may be similar to a large extent.

Among the strengths of this study is our careful sta-
tistical approach, using optimal Mahalanobis distance
matching, in which we matched patients during COVID-
19 lockdown to historical controls. The outcome of
the matching analysis had led to well-balanced groups
between lockdown patients and historical controls. In
addition, we used standardized cognitive tests to assess
longitudinal cognitive decline. The balanced groups and
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longitudinal cognitive data allowed us to conclude that
the general annual decline during COVID-19 was more
severe than before COVID-19 times, and this cannot be
attributed to COVID-19 itself, but rather to the large
impact of the lockdown measures on society. In addi-
tion, our sample sizes of lockdown patients and histori-
cal controls were of adequate size, with over one hundred
patients in both groups. Furthermore, we were able to
stratify by syndrome diagnosis, while maintaining bal-
ance between lockdown patients and historical controls.

Conclusion

In conclusion, we provided evidence suggesting that
memory clinic patients show faster decline in memory
function during COVID-19 lockdown than before, indi-
cating that COVID-19 lockdown regulations contrib-
uted to faster cognitive decline. The results of the present
study suggest that it is important that social contact, (in)
formal support, and care continue, and social networks
remain available for memory clinic patients during times
of lockdown to prevent faster cognitive decline. This
means that social contact, support, and care for these
patients should only be disrupted when good alterna-
tives can be offered, and good quality support can still
be guaranteed. It is recommendable to develop protocols
for remaining social contact, and good quality alternative
care and support in times of restrictive measures, when
there is a risk of social isolation, and disruption of ser-
vices and support. Moreover, focus of continuing good
quality support should specifically be on pre-dementia
patients, as this patient group is more prone for faster
cognitive decline.
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