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Abstract

Introduction. The circadian variation of ischemic stroke onset is known, but its impact on recovery prognosis has been less
studied. Materials and method. The study included 32 patients with ischemic stroke, admitted to Neurology Departments I and
II of the Rehabilitation Hospital in Cluj-Napoca between 1 June 2008 and 31 December 2009 and followed up for 2 years, during
5 successive admissions. The diagnosis of ischemic stroke was defined according to updated World Health Organization criteria.
The onset time of ischemic stroke was assigned to one of the following six-hour intervals: 00.01-06.00 (night), 06.01-12.00
(morning), 12.01-18.00 (afternoon) and 18.01-24.00 (evening). For each patient we recorded demographic data and the values of
ADL and IADL scales on the occasion of each assessment. Statistical analysis was performed using Excel Microsoft, descriptive
and one-way ANOVA test. Results and conclusions. Our study confirms the incidence pattern of ischemic stroke, with a morning
peak, which is more obvious in the case of the male sex and patients aged less than 65 years. Patients with nocturnal stroke onset

have a less favorable functional evolution during the second year after ischemic stroke.
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Introduction
The presence of a circadian variation in ischemic
stroke onset has been described in the literature, with
some differences between different authors.
However, most of the data support an incidence peak
in the morning and a second one, inconsistently
described, in the afternoon [1-5].
The degree of disability or functional status after
stroke can be assessed using several scales. One of
them is the ADL (Activities of Daily Living) Scale,
complemented by the IADL (Instrumental Activities
of Daily Living) Scale. The first evaluates an
individual’s ability to perform daily activities
required for personal needs (6 items with a maximum
score of 6 points: dressing, personal hygiene,
toileting, continence, walking/transfers, feeding) and
the second measures the degree of independence
within the community, including more complex
activities (financial management, telephone use,
house  cleaning, meal preparation, public
transportation use, shopping, laundry, self-
medication). Changes occurring in IADL suggest
mild cognitive decline, while ADL changes suggest
moderate/advanced cognitive decline, along with
other neurological deficits that create disability as a
consequence of cerebrovascular pathology [6-9].
The impact of the circadian variation of ischemic
stroke onset on basic (ADL) and instrumental (IADL)
functional status and, moreover, its dynamics have
been less studied [10-12].

Materials and method

Our results are based on a prospective cohort study
including 32 patients with recent ischemic stroke
(over the past 6 months), admitted to Neurology
Departments I and II of the Rehabilitation Hospital in
Cluj-Napoca, between 1 June 2008 and 31 December
2009. The diagnosis of ischemic stroke was
confirmed by neurologic examination and
neuroimaging, being defined according to updated
World Health Organization criteria. For each patient,
we recorded demographic data and the onset time
(determined or approximated by history taking) was
assigned to one of the following six-hour intervals:
00.01-06.00 (night), 06.01-12.00 (morning), 12.01-
18.00 (afternoon) and 18.01-24.00 (evening). For
cases in which symptoms were first recognized at
wake-up time, this was considered the time of onset
(3 cases).

The 63 patients were assessed on the occasion of 5
visits: at the first examination (time 0), at 1 month, 6
months, 12 months and 24 months. Four of these
patients missed one visit (3 patients missed the
second examination - “1” and 1 patient missed the last
examination - “24”). On the occasion of each visit,
the patients were evaluated based on the two scales:
ADL (score 1-6) and IADL (score 1-8).

Statistical analysis was performed using Excel
Microsoft software. In descriptive statistical
calculations, categorical data were presented as
diagrams, absolute and relative frequencies, and
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continuous variables were summarized using synthetic
centrality, dispersion and location indicators, or frequency
histograms and linear diagrams.

Results

In our study, ischemic stroke onset had the highest
frequency in the 6-12 interval, followed by the 12-18
interval (Figs. 1 and 2), while the lowest frequency
was found in the 0-6 interval. Frequency depending
on the patients’ sex is shown in Figure 3. Depending
on age, the patients were divided into two groups
(<65 years, >65 years) — Figure 4. Figures 5 and 6
represent the evolution of the arithmetic mean of
ADL and TADL scores across the 4 time intervals of
the day over 2 years (5 evaluations).
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Fig. 1: Circadian variation of ischemic stroke onset
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Fig. 2: Percentage representation of ischemic stroke onset
across the 4 time intervals of the day
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Fig. 3: Circadian variation of stroke onset depending on sex (F-
female, M-male)
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Fig. 4: Circadian variation of stroke onset depending on age
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Fig. 5: Time evolution of the arithmetic mean of ADL scores
across the 5 evaluations over 2 years, for the 4 time intervals of
the day
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Fig. 6: Time evolution of the arithmetic mean of IADL scores
across the 5 evaluations over 2 years, for the 4 time intervals of
the day

Discussions

The investigation of the circadian variation of
ischemic stroke onset in the study group revealed an
incidence peak in the morning interval, 06.01-12.00
(p=0.06), in accordance with the reported literature
data [1-5]. Although most of the data are derived from
retrospective studies on large numbers of patients,
there are also some prospective studies that report the
same circadian variation of stroke onset [13, 14]. In
our study, the morning peak is more obvious in the
case of the male sex and patients aged less than 65
years (p=0.046).

Descriptive statistics shows, following analysis of
diagrams for the dynamics of ADL and IADL scores
across the 5 measurements over 2 years, that the
highest score for the patients included in the study
was obtained for the 6-12 interval. The most affected
ADL score was that of patients with stroke onset in
the 0-6 interval, and the lowest IADL score was found
for patients suffering stroke in the 12-18 and 18-24
intervals. Both the mean ADL and IADL score of
patients with stroke onset in the 0-6 interval (3 cases)
had an initial favorable evolution for up to 12 months,
after which a decline was detected at 24 months. For
the other intervals (6-12, 12-18, 18-24), the evolution
of the mean scores improved during the first 12
months and was maintained relatively unchanged
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over the following year (except for the 6-12 interval
for IADL), suggesting that the degree of disability
and instrumental independence have the greatest
improvement within one year of ischemic stroke,
regardless of the onset time. The ADL and IADL
scores had a relatively parallel evolution in the
patients of our study.
Although Anova statistical analysis for the
comparison of the mean ADL and IADL scores in the
four groups of patients corresponding to the 4
intervals of the day, on the occasion of the 5
evaluations, evidenced no statistically significant
differences (most probably due to the small number
of patients in the study), descriptive analysis supports
a less favorable functional evolution during the
second year after ischemic stroke for onset in the
nocturnal interval (0-6).
In the literature there are few data related to the
evolution of disability scores (modified Rankin score
- mRS) depending on the circadian interval of stroke
onset, assessments being performed only at the initial
admission, not during evolution over a longer patient
follow-up period. The results somewhat overlap,
describing the best functional score during evolution
from admission to discharge for ischemic stroke
patients with onset in the 04.01-08.00 interval and the
lowest functional score in the 20.01-24.00 interval [5, 12].
Conclusions
The study confirms the circadian variation pattern of
ischemic stroke, with a peak of occurrence in the
morning hours and the lowest frequency in the
nocturnal interval.
The evolution of ADL and IADL scores across the 4
time intervals of the day over 2 years is similar in our
study group, with the greatest benefit during the first
year after stroke, and a subsequently unchanged
evolution, excepting onset in the nocturnal interval
(0-6), for which a slight decline during the second
year after stroke is described.
Information related to post-ischemic stroke evolution
in terms of functional and cognitive recovery, taking
into consideration the circadian variation of stroke
onset, deserves to be extended in larger studies,
because it can be important for estimating recovery
prognosis and the resources involved in the
rehabilitation process.
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