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Abstract
Little is known whether tests used for the diagnosis of dementia 
syndromes are sensitive to time of day effects. In a sample of 145 
participants, no such effect (test administration either in the morning 
from 9.30 to 11.30 a.m. or in the afternoon from 2.30 to 4.30 p.m.) 
could be found for most subtests of a neurocognitive test battery 
(CERAD-Plus) used for the detection of dementia syndromes. 
However, for subjects suffering from mild cognitive impairment, 
completion time for the Trail-Making Test B, a brief cognitive test for 
the assessment of cognitive flexibility, was longer in the afternoon 
compared to the morning.
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performance level. Commonly, cognitive performance worsens in 
older adults over the day in contrast to younger people, where often 
an improvement over the day can be found [11]. This so called syn-
chrony effect denoting a beneficial impact on test performance when 
tests are administered at the preferred time of day (TOD) for diur-
nal activities could be demonstrated for several cognitive domains 
including vigilance and reaction time, verbal working memory, ep-
isodic memory and measures of executive functioning (EF) [9,12,13].

In Alzheimer’s dementia the neural loss exhibited in the SCN [14] 
during ageing is more pronounced and in advanced dementia, there 
is an excessive increase of daytime sleepiness as a consequence of a 
breakdown of the normal sleep/wake-rhythm with wakefulness during 
the night [15]. However, increased daytime sleepiness compared 
to non-demented persons can already be found in mild dementia 
[16,17], activity rhythm fragmentation seems to be correlated with 
cognitive decline [18] and decreased activity rhythms have even be 
shown to be an early risk factor for the later development of mild 
cognitive impairment (MCI) or dementia [19,20].

Considering all this, it is surprising how little attention has been 
devoted to the question, whether the performance in neurocognitive 
tests used for the diagnosis of dementia syndromes is sensitive 
to synchrony effects. To date, TOD effects have been examined 
only for the Mini Mental State Examination (MMSE) [21], a brief 
screening tool for dementia syndromes and no effects of TOD on test 
performance could be found [22,23].

Thus, the aim of this study was to investigate, whether test 
performance in more complex neuropsychological test batteries used 
for thorough assessment of cognitive functions in elderly patients is 
influenced by TOD. As nothing much is known about the sensitivity 
of neurocognitive test batteries for TOD/synchrony effects, we sought 
to include participants suffering from a broad range of cognitive 
achievement reaching from moderate dementia to unimpaired cognitive 
functioning, which resembles the situation found in everyday clinical 
practice, when potential dementia has to be diagnosed.

Materials and Methods
Subjects

Between April 2014 and September 2015, 145 (78 female, 67 
male, mean age 74.9 years, SD 7.7 years) participants were recruited 
from the departments of geriatric internal medicine and geriatric 
psychiatry of a general hospital in Bamberg, Germany, including 121 

Introduction
In healthy ageing persons, from the age of about 60 years, 

structural and functional changes in the prefrontal cortex and the 
medial temporal lobe lead to a general cognitive slowing as well as to 
a decrease of cognitive performance across several cognitive domains 
[1,2]. This is reflected in the fact that normative data of nearby all 
cognitive tests usually is stratified by age groups.

The sleep wake cycle is regulated by the interaction of a 
homeostatic (sleep pressure accumulates during time spent awake) 
and an oscillating circadian process that is controlled by the 
suprachiasmatic nucleus (SCN), the central circadian pacemaker 
located in the anterior hypothalamus which projects to major arousal 
promoting cell groups like the locus coeruleus. These cell groups 
mediate alertness, vigilance and attention as well as thalamocortical 
oscillations which modulate the throughput of sensory information 
to the cortex (see e.g. [3] for an overview). On the other hand the 
hippocampus sends input to the SCN which might reflect memory 
contribution to circadian regulation [4].

During ageing, along with a lower proportion of slow wave sleep, 
the consolidation of nocturnal sleep decreases, which among others 
leads to increased daytime napping [5,6]. On the circadian level, a 
reduced amplitude of circadian rhythmicity [7] as well as an advance 
of the circadian phase toward morningness [8,9] are found so that the 
majority of the elderly people are morning types [10].

These age-related changes lead to changes in daytime cognitive 
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patients suffering from either mild cognitive impairment (MCI, n = 
14) or mild (DMI, n = 81) to moderate (DMO, n = 26) dementia and a 
control sample (CNT) of 24 subjects recruited from the department of 
internal medicine’s geriatric rehabilitation ward of the same hospital. 
All subjects were visited for routine dementia screening.

Exclusion criteria were prior or concurrent diagnosis of psychotic 
or depressive symptoms or a bipolar disorder, alcohol/substance related 
disorders, significant cardiopulmonary or neurological impairments 
and uncorrectable deficits in vision or hearing that would interfere with 
performing the neurocognitive tests.

39 patients could not be included because of past or present marked 
depressive (n = 20) or psychotic symptoms (n = 4), insufficient vision 
and hearing (n = 5), alcohol abuse (n = 8), past stroke (n = 2) Of the 147 
patients, who resulted eligible, 2 refused to participate in the study.

Written informed consent was obtained either from participants 
themselves or from their legal guardians. The study protocol was 
approved by the Ethical Review Board of the University of Bamberg.

Testing

The German version of the Consortium to Establish a Rationale 
in Alzheimer’s Diagnostic neuropsychological battery (CERAD-Plus) 
[24], which includes the Mini Mental State Examination (MMSE), 
was administered to all participants. In its current version, the 

CERAD-Plus battery includes-beside the MMSE-10 tasks covering 
phonemic fluency, semantic fluency, naming (Boston Naming Test), 
word list learning, delayed free recall and recognition of word list, 
figure drawing (copying geometric shapes), delayed figure recall as 
well as the Trail-Making Tests form A (connect figures from 1 to 25 in 
ascending order) and B (alternately connect figures from 1 to 13 and 
letters from A to L in ascending order).

To investigate TOD effects on neurocognition, administration 
time of the tests was recorded. Two groups of patients were formed 
depending on whether they were tested in the morning from 9.30 to 
11.30 a.m. (n = 93) or in the afternoon from 2.30 to 4.30 p.m. (n = 52).

Statistical analysis
T-tests for independent samples were used to compare both 

groups with respect to age and years of education. To test for 
differences in the male/female ratio in both TOD groups and for 
differences in TOD a.m. to p.m. ratio across the four diagnostic 
groups χ2-tests were performed.

To avoid repetitive statistical testing, multivariate analyses of variance 
using “diagnostic group” (CNT, MCI, DMI or DMO) as well as TOD 
(testing in the morning vs. testing in the afternoon) as between subject factors 
and the groups of cognitive measures displayed in table 1 as dependent 
measures were conducted first. For those groups of dependent variables 
yielding significant TOD main effects or TOD x “diagnostic group” 

Table 1: Results of multivariate and univariate analyses of variance and a posteriori comparisons.

Diagnostic group Main effect Interaction
CNT MCI DMI DMO “time of day” “time of day” x 

“diagnostic group”
a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m.

Measure mean 

(SD)

mean 

(SD)

mean 

(SD)

mean 

(SD)

mean 

(SD)

mean 

(SD)

mean 

(SD)

mean 

(SD)
F p F p

Fluency/semantic 
memory (multivariate) 2.479 0.064 0.801 0.615

Phonemic fluency
12.76

(4.28)

9.71

(3.28)

7.11

(2.42)

6.40

(3.36)

6.60

(3.27)

8.29

(6.02)

5.07

(2.64)

4.75

(3.80)

Semantic fluency
22.00

(4.97)

18.14

(5.64)

16.33

(3.00)

13.20

(2.39)

11.04

(2.86)

11.04

(5.31)

8.21

(3.36)

7.00

(3.28)

Boston naming test
14.29

(1.05)

13.71

(2.56)

13.44

(1.24)

12.60

(1.82)

12.32

(1.67)

11.75

(2.19)

10.00

(3.06)

9.33

(2.67)

Episodic memory 
(multivariate) 0.355 0.840 0.652 0.798

Word list: learning
19.75

(2.82)

19.29

(2.98)

16.44

(3.40)

18.40

(4.88)

11.58

(4.79)

11.32

(3.85)

8.64

(3.67)

8.00

(3.81)

Word list: delayed free 
recall

6.94

(1.44)

6.43

(0.53)

5.67

(1.32)

5.60

(1.82)

2.47

(1.90)

1.89

(1.81)

1.21

(1.67)

1.42

(1.44)

Word list: percent of 
recognition

98.75

(2.24)

97.86

(2.67)

88.89

(11.93)

91.00

(7.42)

82.55

(12.85)

80.89

(14.85)

68.21

(11.54)

74.58

(15.88)

Figure drawing: delayed 
recall

8.44

(2.78)

8.71

(3.25)

6.33

(1.80)

4.80

(1.30)

2.49

(2.54)

3.25

(3.31)

0.43

(0.85)

1.08

(2.23)
Trail-Making tests 
(multivariate) 4.765 0.004 2.425 0.011

TMTA 
45.33

(25.42)

63.42

(36.36)

73.00

(43.71)

64.60

(30.79)

159.00

(73.40)

132.48

(56.83)

190.33

(68.20)

173.10

(55.24)
0.511 0.476 1.477 0.224

TMT B

111.53

(49.73)

154.71

(71.95)

198.67

(58.67)

265.91

(43.10)

278.97

(50.23)

275.88

(58.95)

298.28

(9.83)

297.70

(8.51)
6.582 0.012 2.872 0.039

T = -1.646, p = 0.115 T = -2.694, p = 0.027 T = 0.237, p = 0.814 T = 0.143, p = 0.888

TMT B/TMT A

2.51

(0.89)

2.65

(1.25)

3.06

(1.24)

5.08

(1.87)

2.32

(1.14)

2.85

(1.05)

1.93

(0.91)

1.90

(0.62)
7.366 0.008 2.606 0.055

T = -0.292, p = 0.773 T = -2.453, p = 0.030 T = -1.918, p = 0.059 T = 0.091, p = 0.929

MMSE
28.41

(1.12)

28.57

(1.40)

26.00

(3.71)

27.00

(1.22)

22.81

(2.77)

23.32

(2.60)

16.93

(3.91)

16.08

(3.00)
0.126 0.723 0.482 0.695

Figure drawing
10.50

(0.89)

10.57

(0.79)

10.00

(1.66)

7.60

(0.89)

8.60

(2.04)

8.43

(2.04)

6.86

(2.66)

6.25

(2.63)
3.368 0.069 1.270 0.287

CNT: control subjects; MCI: mild cognitive impairment; DMI: mild dementia; DMO: moderate dementia.
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cognitive deficits typical for beginning dementia syndromes, seem to 
be robust against TOD effects, which certainly is good news.

Executive functioning, ageing, circadian rhythms and dementia

Nevertheless, for mild cognitive impairment, often considered 
as an intermediate state between a cognitively unimpaired status 
and a beginning dementia, preliminary hints could be found that 
TMT B performance in the afternoon is worse than in the morning. 
That a synchrony effect was found just for a measure of executive 
functioning is indeed in accordance with current knowledge about 
the impact of ageing on neurocognitive functioning and circadian 
rhythms. In older age, lower blood flow and reduced resting 
metabolism have been found predominantly in the prefrontal cortex 
[25], where waking function and delta EEG activity in sleep are linked 
[26]. Also, cognitive functioning related to the prefrontal cortex 
has been shown to be particularly vulnerable to sleep loss [3]. Our 
findings match the results of a study that found poorer performance 
in executive function tasks in the afternoon compared to the morning 
only in participants suffering from cognitive impairment and not in 
cognitively unimpaired subjects of a middle-aged (mean age 61 years) 
sample [27]. Thus, cognitively unimpaired persons but not MCI 
patients may be able to compensate for daily fluctuations in cognitive 
performance in this speed test for cognitive flexibility, which would 
imply that the “signal to noise ratio” for MCI patients might be 
high enough to reflect underlying endogenous rhythms in the latter 
groups’ test performance. Moreover, a recent prospective study found 
that weaker circadian activity rhythms are associated with poorer 
EF of the participants five years later but not with global cognition, 
verbal episodic memory or working memory. One measure used in 
the study was the TMT B and performance in this test was sensitive to 
these disruptions, even when sleep, cognitive performance level and 
DMC were controlled statistically [20].

Shortcomings

Our patients were assessed either in the morning or in the late 
afternoon. Clearly, it would have been preferable to test the same 
subjects twice at optimal or non optimal times. Unfortunately, no 
parallel versions exist for the standard neurocognitive test battery 
used in this study. Nevertheless, this study should be replicated using 
repeatable cognitive assessments.

Despite the fact, that the vast majority of elderly persons are 
“morning types”, it cannot be ruled out, that subjects with deviating 
individual chronotypes were included. Future studies should 
therefore assess the chronotype of each participant.

In former studies, TOD fluctuations were found not only to be 
linked with the flexibility subdomain of EF covered by the TMT B, 
but also with EF subdomains like working memory, set shifting and 
inhibition [28]. Therefore, it would be interesting to include a broader 
array of EF tests in future studies investigating possible synchrony 
effects in test batteries for the diagnosis of dementia syndromes.

As our subgroup of MCI patients was very small, the discovery of 
a synchrony effect for the TMT B in this subgroup could be a random 
finding. However, in case of replication using larger samples, parallel 
versions of such brief EF tests could be administered at optimal and 
non optimal times of day to see if marked synchrony effects can be 
observed and whether such fluctuations in TMT performance might 
be an early predictor of cognitive decline. In this case, an extended 
test battery for the screening of early signs of dementia could be 
administered and even in absence of such signs, subjects could be 
reassessed on a regular basis.

Acknowledgement/Disclosure
The authors would like to thank Bruno Weisenberger, Michaela 

Wachter and Maren Lindsiepe for administration of the tests, Karin 
Divers for proofreading of the manuscript and all patients and control 
subjects for their participation.

interaction effects, analyses of variance using the same design were 
performed separately for each dependent variable. In case of significant 
main or interaction effects for single CERAD-Plus subtests, t-tests for 
independent samples were performed separately for each diagnostic 
group to compare a.m. vs. p.m. test performance.

Statistical significance level was set to 0.05 for all analyses.

Results
No difference was found for both TOD groups with respect to 

age (mean (std) yrs. for a.m. and p.m. group 74.5(8.4) and 75.4(6.2), 
t(143) = -0.791, p = 0.430), years of education (mean (std) for a.m. and 
p.m. group 12.0(1.9) and 12.6(1.2), t(143) = 1.299, p = 0.196) and male 
to female ratio (χ2

(1) = 1.904, p = 0.168). Furthermore, TOD a.m. to 
p.m. ratio groups did not differ across the four diagnostic groups (χ2

(3) 
= 1.724, p = 0.632).

Table 1 shows the results of all multivariate and univariate analyses 
of variance and t-tests. Trivially, group effects for diagnostic group 
(CNT, MCI, DMI, DMO) in the expected direction of neurocognitive 
functioning could be found in all analyses of variance.

Significant TOD main effects as well as “TOD × diagnostic 
group” interaction effects could only be found for the Trail-Making 
tests. Univariate analyses of variance for each TMT measure yielded 
significant main effects for TMT B processing time as well as the ratio 
of TMT B/TMT A processing time but not for TMT A processing 
time. Additionally the TMT B “TOD × diagnostic group” interaction 
effect also reached statistical significance.

A posteriori t-tests performed separately for each diagnostic 
group showed, that the differences in TMT B/TMT A are limited to 
the mild cognitive impairment group: Absolute TMT B completion 
times (a.m.: mean (std) 218.7(58.1) and p.m.: 298.4(41.2))of MCI 
patients as well as relative completion times compared to TMT 
A (a.m.: mean (std) 3.1(1.2) and p.m.: 5.1(1.9)) are longer in the 
afternoon compared to the morning (Figure 1).

Discussion
Robustness of dementia tests against TOD effects

Most of the neurocognitive tests analyzed appeared to be robust 
against TOD effects in our sample. This means that the results of 
former studies obtained for the MMSE screening could be replicated 
for the majority of cognitive tests used for in-depth analysis of 
dementia syndromes. At a first glance, this result seems surprising, 
as these tests cover a wider range of cognitive domains and are 
cognitively more demanding. On the other hand, they still differ from 
true experimenter-paced tests (occurrence of stimuli is determined 
by the experimenter) like the Psychomotor Vigilance Test, a simple 
reaction time task most widely used for the assessment of circadian 
rhythms in human cognition. Even the speed tests used in our sample 
were self-paced and did not include assessment of reaction times. 
Our results, however, imply that tests developed to be sensitive to 
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Figure 1: TMT B performance (processing time in seconds/100) and TMT A/
TMT B processing time ratio of the MCI group (*: = t-tests, p < 0.05).
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