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Abstract

Background: Clock-watching activity in patients with dementia has not been documented in detail. Methods: A male patient
having semantic dementia was monitored at a dementia care unit in a general hospital in Japan. We used an integrated circuit
monitoring system to record the distance and location of ambulation and the total number of movements that occurred outside
the patient’s room. Results: The patient was reported to clock watch a couple of years prior to monitoring. In 201 |, when
monitoring started, he regularly came out of his room saying, “8 o’clock” about 40 minutes into every hour. It seemed as if he
could only recognize the minute hand. The median number of sensor detections increased by 4-fold at this clock-watching phase.
Behavior consistent with his clock-watching patterns was also detected during the night. In 2012, clock-watching activity
disappeared. Conclusions: This study documented the progression of clock-watching and subsequent disappearance with

worsening cognitive function.
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Introduction

Second to Alzheimer’s disease (AD), frontotemporal lobar degen-
eration (FTLD) is the most common type of early-onset degenera-
tive dementia and is primarily a disease of behavior and language
dysfunction.! Frontotemporal lobar degeneration has 3 clinical
types: semantic dementia (SD), behavioral variant frontotemporal
dementia (bvFTD), and progressive nonfluent aphasia.>>

Although clock-watching is a typical behavior reported in
patients with SD,? its definition differs among studies. Clock-
watching has been described as a compulsion to be somewhere
in time or to do things at the same time* as well as constantly
watching and worrying about the time.” Despite being seen in
most types of common dementia,”® detailed descriptions of
clock-watching have not been reported.

Reports indicate that the prevalence of clock-watching is
higher in people with FTLD than those with AD.%’ However,
among the different types of FTLD, the relative prevalence is less
clear. Using a semistructured interview, Snowden et al found that
the prevalence of clock-watching in people with SD was twice
that of people with bvFTD.? In contrast, in a study assessing
stereotypic and ritualistic behaviors, Nyatsanza et al reported
no significant differences in the prevalence of clock-watching
between these types of dementia.’

These conflicting results may reflect inconsistencies in the
definitions of clock-watching used in different experiments.
A detailed description of clock-watching activity would thus

contribute to a delineation of this clinical phenotype of
dementia. In our series of integrated circuit (IC)-tag monitoring
studies, we have documented the temporal and spatial
movements of nearly 100 patients.®® Here, we present data
from nursing records and objective movement indicators for
1 patient with SD who exhibited clock-watching behavior over
the course of a year while being monitored.

Methods
Setting

A 60-bed care unit specializing in dementia at a general hospi-
tal in Japan cooperated with the study in 2011 and 2012. The
Integrated Circuit Tag Monitoring System (Matrix Inc, Osaka,
Japan) was used to monitor the distance moved and the location
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of the movements in patients with dementia. Thirty-nine anten-
nas (sensors) were placed on the ceiling of the unit to capture
patient movements in the corridor and day rooms (Figure 1).
Integrated circuit tags (4.6 x 3.0 x 1.15 cm®) were attached
to patients’ shirts with adhesive tape. Descriptions of the
system have been published previously.'*!!

NEMURI SCAN'? (Paramount Bed, Co, Ltd, Tokyo, Japan)
was used to monitor quality of sleep. NEMURI SCAN (77 x
28.6 x 2.5 cm’) is an actigraphy device that is placed under
a mattress to measure sleep duration, duration of time in bed,
sleep efficiency, the number of times one gets out of bed, and
the time at which one gets out of bed.

Diagnostic Criteria

A consensus guideline of FTLD'*!'* was used for the diagnosis
of SD. The clinical profile, electroencephalogram, functional
brain imaging based on single-photon emission computed
tomography (CT), magnetic resonance imaging of the brain,
and blood test results were used for a differential diagnosis.

Data Collection

Monitoring was conducted between September and December
2011 and the same period during 2012. Of the 56 patients mon-
itored, 1 male patient had SD. He was monitored around the
clock. Demographic data were abstracted from medical records,
and descriptions of wandering and sleep were abstracted from
nursing records. The Neuropsychiatric Inventory—Nursing
Home version (NPI-NH)' was used by the staff at a regular staff
conference to evaluate behavioral and psychological symptoms
of dementia. The Clinical Dementia Rating (CDR)'® was deter-
mined by trained nurses to determine the severity of dementia.

Data Analysis

Microsoft Excel 2010 and JMP software ver 9.0.2 (SAS Insti-
tute Inc, Tokyo, Japan) were used for data analysis. The

monitoring software generated the number of detections by each
antenna and calculated the distance the patient moved per day.
NEMURI SCAN Viewer was used to analyze the sleep indicators.
Daytime was defined as between 6:00 am and 9:00 p™m, and night-
time was defined as between 9:00 pm and 6:00 am. These times
corresponded to the time schedule for lights on and lights out.

A Kruskal-Wallis test was used to test for difference in num-
ber of IC-system detections between clock-watching and
nonclock-watching phases. The JMP ver 9.0.2 was used for
statistical analysis. A Kruskal-Wallis test was also used to test
the differences in quality of sleep indicators between 2011 and
2012. The JMP ver 9.0.2 was used for statistical analysis.

Ethical Considerations

This study was approved by the Medical Ethics Committee of
the Osaka University School of Allied Health and the ethics
committee of the hospital. Written informed consent for this
case study was obtained from the patient’s sibling, who went
to see the patient on weekly basis and was the major decision
maker regarding the patient’s care.

Patient

A 62-year-old male, right-handled, and having SD was moni-
tored for this study. He had no family history of dementia and
psychiatric illness. In his 40s, he quit his long-held stable job as
amanager and began an approximately 10-year career as a tem-
porary agency worker. He then stopped working entirely and
lived with his elderly mother. Approximately a year half prior
to the initial evaluation by the neurologist, he started to go to
the railroad crossing by the park to watch the train in the after-
noon. Then, he started to hand out cigarettes to people in the
park who tried to decline the offer. He was arrested for shoplift-
ing once. His attitude toward the sibling became more like an
attitude toward a stranger, and the patient stopped calling his
sibling by the sibling’s first name. By the time he was taken
to a neurological clinic, he could not speak in sentences and
was forgetful. He was suspected to have SD and was referred
to the study hospital for further evaluation in 2008. A brain
scan using CT showed pronounced atrophy of the right anterior
temporal pole. Blood tests showed no abnormality of thyroid
function and no deficiency in vitamin B1, B12, or folic acid.
Neurological examination showed that the grasp reflex for both
sides was positive, and no other abnormalities were noted.
Semantic aphasia was too advanced to conduct the Standard
Language Test of Aphasia. He had advanced prosopagnosia
and could not recognize the faces of his sibling, mother, or
famous people. The patient had 2-way anomia, that is, he expe-
rienced difficulty both in retrieving and in recognizing certain
words, including “clock,” “pencil,” and “hammer.”
Semantic dementia progressed over the course of a year, and
it became difficult for him to converse with the physician. He
constantly watched the clock on the display of his mobile
phone. Because of the increased care burden, he was admitted
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to the study unit in 2010. Progression of clock-watching and
SD is summarized in Table 1.

Results

Progression of SD From Admission Until the End of
Monitoring (January 2010 to October 2012)

At admission in January 2010, the patient was independent with
the ability to perform activities of daily living. The Mini-Mental
State Examination could not be administered because of SD. He
rarely spoke autonomously, and his conversation with the staff
was very limited. Analog clocks were hung in his room and the
activity rooms he shared with other patients, and his concerns
with them were occasionally documented in the nursing record.
For example, a nurse once noted that he said, “It’s still one
o’clock. That’s three hours before 4 o’clock. I'1l sleep till then.”
From March 2010, his preference for food changed, and he only
ate rice and would not eat any side dishes.

In September 2011, when IC-tag monitoring began, his
CDR score was 0.5, which worsened to 3 within a year. Other
notable changes included increased disinhibition and apathy as
measured by the NPI-NH (Table 1). With increased apathy, he
started to urinate in bed. Despite a plan that prompted him to
refrain from doing so, the frequency of urinary incontinence
in bed increased over time.

Clock-Watching Activity Documented in the Nursing
Records

In October 2011, the staff noted that he could only recognize the
minute hand of a clock. He spent most of the day in bed and
often came out during the daytime around 40 minutes into every
hour (when the minute hand was on the 8), saying phrases such
as “already, 8 o’clock, isn’t it.” His conversation was limited to
8 o’clock. In the same month, staff twice recorded that he left the
ceiling light on at night, and although staff turned it off, the light
was on again when they did their next rounds an hour later. In
November, while resting in bed, he was repeatedly observed
checking the wall clock by opening the curtain surrounding his
bed. He frequently came out of his room when the minute hand
was on the 8, saying phrases such as “8 o’clock. Why no rice?”
He started spitting cooked rice and began eating less.

In the following year, semantic aphasia advanced further and
the only word he ever spoke was “strange,” and he did not talk
to the staff about time. He no longer left the light on at night.

Further atrophy of the temporal region was confirmed by CT
scan (Figure 2). His movement was mostly limited to his room
and the activity room. He remained hospitalized because no
nursing home was found to which he could be referred.

Disappearance of Clock-Watching Activity Between
2011 and 2012 as Measured by Objective Indicators

Changes in activity level according to the IC-tag monitoring system.
The number of detections by the IC sensor antennas showed

a bimodal distribution peaking around 27 minutes (between the
25- and 30-minute points) and 37 minutes (between the 35- and
40-minute points) into every hour during the study period in
2011 (Figure 3).

When the number of detections was examined by conven-
tional time, a bimodal distribution was observed every hour
except during breakfast and dinner (Figure 4). We defined 2
clock-watching phases for each hour that centered around the
peaks of the bimodal distribution. The first clock-watching
phase was between 25 and 30 minutes into every hour, and the
second was between 35 and 40 minutes into every hour. Com-
pared with time outside the clock-watching phases, the median
number of detections in the first phase was 2.3 times higher
(P < .01) and that of the second phase was 4.1 times higher
(P <.01) than the nonclock-watching phase. The bimodal dis-
tribution of the number of detections was also seen during the
night (Figure 4). The number of detections by the IC system
was approximately 70% of that during the daytime. During
the night, compared with time outside the clock-watching
phase, the median number of detections in the first phase was
6.9 times higher (P < .01) and that of the second phase was
7.6 times higher (P < .01). There was no mention of clock-
watching activity during the night in the nursing record.

In 2012, the total number of IC-system detections as viewed
by conventional hours became flat, and the bimodal distribu-
tion was no longer evident (Figure 3). There was no description
of wandering activity by the patient in the nursing record.

Places of clock-watching activity. The IC-detection system showed
that the patient’s location during clock-watching and nonclock-
watching phases differed in 2011 (Figure 5). When he came out
of his room, he took a leftward route 57% of the time during the
first clock-watching phase and a rightward route 91% of the
time during the second clock-watching phase. He took a right-
ward route 74% of the time during the nonclock-watching
phase. However, in 2012, there were no differences in the
routes between clock-watching and nonclock-watching phases
(Figure 5).

Worsening quadlity of sleep. Quality of sleep worsened from 2011
to 2012 as assessed by NEMURI SCAN. The NEMURI SCAN
was used 11 days in 2011 and 30 days in 2012. The median pro-
portion of sleep efficiency significantly decreased, while the
median number of awakenings significantly increased
(Table 2). However, decrease in the duration of sleep in min-
utes did not reach statistical significance.

Changes in quality of sleep were not evident in the nursing
record, and the sleep-disorder score measured by the NPI-NH
was 4 for both 2011 and 2012.

Changes in CT scan images. Computed tomography scan images
were interpreted by the fourth author. In 2011, the right
temporal pole showed pronounced atrophy, and minor atrophy
was noted in the left temporal pole. The frontal lobe and other
adjacent areas, such as orbitofrontal area, were spared. In a CT
scan conducted a year later, the right temporal pole had shrunk
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Right

2011

Figure 2. Brain computed tomography (CT) scans of the patient in
2011 and 2012.

further and atrophy of the left temporal pole had spread. In
addition, we observed minor atrophy of the orbitofrontal area
and frontal convexity. The parietal lobe and occipital lobe were
spared.

Discussion

This study used objective indicators and found pronounced
clock-watching and subsequent disappearance of clock-
watching activity in a patient with SD. The patient’s preoccu-
pation with time manifested in a sharp rise in activity at certain
specific and repeated times each hour, even during the night.

The current study clearly shows that the clock-watching activ-
ity first worsened and then ceased within a year. Upon admission,
the patient could recognize day and night. Eight months later
when the IC-tag monitoring began, he could no longer recognize
the hour hand on a clock. Astute observation by the nurse revealed
that the patient could only recognize the minute hand of'the clock,
as he used to come out from his room around 40 minutes into
every hour thinking it was 8 o’clock. This seemingly obsessive
activity might indicate that an hour became halfa day for him, and
he could no longer integrate information from other source such
as daylight to recognize the time of the day.

The pathophysiological mechanisms of clock-watching are
unknown. Snowden et al suggest that the progression of seman-
tic loss might lead to a “shrinking world view” in contrast to
the relative preservation of numerical concepts, including those
related to time.? Thus, temporally bound routines may become
a sole framework upon which affected individuals rely. How-
ever, Thompson et al examined an age-matched cohort of indi-
viduals with right and left SD with comparable backgrounds,
such as duration of dementia (n = 47), and found that the pre-
valence of clock-watching was much higher in individuals with
right dominant SD.'” This suggests that specific brain regions

may account for clock-watching activity. Indeed, Rosen et al
found that the 4 behavioral abnormalities measured by the
Neuropsychiatric Inventory were correlated with cell loss in a
specific region of the brain, as measured by voxel-based
morphometry.'® For example, aberrant motor behavior was
associated with tissue loss in the anterior cingulate cortex and
the premotor cortex.

Clock-watching activity tends to be based on information
that is familiar to patients with SD. We speculate that the sec-
ond phase of clock-watching activity, which occurred around
40 minutes into every hour, was related to food, as the patient
was heard to have said “8 o’clock. Why no rice?”” on 1 occa-
sion. He may have come out to look for a food trolley, which
could be seen down the corridor to the right of his room. We
could not find any clear motivation for clock-watching beha-
vior in the first phase, although the nursing records stated that
the patient mentioned that it was “almost 6 o’clock” at 17:25.
The patient did not appear to be waiting for food. This case
suggests that clock-watching may have multiple causes.

This study is probably the first study to document the
occurrence of nighttime clock-watching activity, which reflects
poor sleep quality. Nighttime clock-watching was difficult to
observe for the staff because the patient’s activity only lasted
several minutes, and his room was on the opposite side of the
nurse station. Difficulty in observing and documenting night-
time patient activity has been reported in a previous IC-tag
study,'® which showed poor agreement between the hourly
sleep record kept by the staff and the movement detected by the
IC tag. If obsessive clock-watching is found in a patient with
dementia, existence of nighttime clock-watching should be
checked as part of general monitoring of sleep quality.

To the best of our knowledge, the complete disappearance
of clock-watching activity has not been previously reported in
patients with FTLD. However, we observed the termination of
clock-watching activity in our patient. There are 2 main pos-
sible explanations for this phenomenon. First, increasing
apathy may have contributed to a loss of interest in clock-
watching. Spreading atrophy was depicted in the most recent
CT scan, accompanied by a decrease in autonomous activities.
Bedwetting was documented, and the NPI-NH apathy score of
the patient increased. Second, the spreading atrophy may have
diminished the ability of the patient to interpret or recognize
the minute hand of the clock. Previous studies have shown
that patients with SD retain many aspects of number knowl-
edge in spite of severe comprehension problems in other
domains. This is likely because the parietal lobe, which plays
a critical role in number processing, is spared.”® Our patient
might have been able to recognize the numbers on the clock
but could have lost the ability to recognize the minute hand,
as he had previously lost the ability to recognize the hour
hand.

In order to document the progression of clock-watching activ-
ity, there is a need to refine the definition of clock-watching. One
of the definitions in the previous studies is “does he/she clock
watch or seem pre-occupied by time?” (p. 1401).” This item is
probably insufficient for capturing a variety and severity of the
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Table 2. Changes in Quality of Sleep Indicators Measured by
NEMURI Scan From 2011 to 2012.

2011, 2012,
Median + Median +
Interquartile Interquartile P
Range Range Value
Duration of sleep, 4220 4+ 69.5 371.0 + 96.8 >.05
minutes
Sleep efficiency, % 740 + 15.0 65.0 + 4.8 <.05
Number of 1.0 + 1.0 30 + 3.0 <.0l
awakenings

time-bound behavior and taking these into consideration when
devising a plan for patient care.>® Setting up simple activities
when time-bound behaviors are expected to occur will facilitate
the adaptation of patient with SD to the new environment.

One limitation of our study is that the available documenta-
tion showing the progression of SD symptoms in our patient was
limited to the period of hospitalization. As the sibling informant
did not live with the patient, we were unable to gather informa-
tion about the onset and progression of SD. We speculate that the
onset of SD occurred shortly before the patient discontinued
stable employment. Noticeable clock-watching activity, such
as engaging in a precisely timed daily outing to the park, started
approximately 10 years after SD onset.

As the initial neurological evaluation was conducted when
the patient was in an advanced stage of SD, we were not able
to document the progression of SD. However, the loss of a job,
clock-watching, and prosopagnosia observed in this patient are
consistent with the findings of a study by Thompson et al, which
reported that these symptoms were more prevalent in people
with right dominant SD than in those with left dominant SD."”

The major limitation of this study was that our sample
consisted of a single case, making it difficult to generalize using
our findings. Further studies are needed involving larger popula-
tions of people with dementia. A prospective design would be
helpful for examining the onset of clock-watching and other
symptoms, as well as associated neurological changes with spe-
cific brain regions.

Conclusion

This study documented the progression of clock-watching
activity and its subsequent disappearance in a patient with
SD. Clock-watching occurred even during the night, suggesting
poor quality of sleep. Detailed documentation of clock-
watching can lead to a better understanding of clinical
dementia phenotypes.
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