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Abstract

Background: Testing of orientation to time is an important part of mental status examination.
We examined the validity of errorsin different aspects of temporal orientation in older
hospital patients as a guide to the presence of dementia or delirium and as a measure of the
severity of dementia as defined by the Global Deterioration Scale.

Methods: Inpatients and outpatients attending an acute hospital underwent independent
assessments by two doctors on the same day to determine orientation to time and

cognitive status. Optimum cut-offs for error scores on the different aspects of temporal
orientation were calculated to maximise the sum of sensitivity and specificity for

detection of dementia or delirium.

Results: Of the 262 patients assessed, 62 (23.7%) had dementia or delirium. The best cut-
offs for detection of these disorderswere: any error in identifying the year, month, day of
the month or day of the week; and an error of more than one hour in identifying the time
of day. Failureto identify the year correctly was the most valuable single sign of
dementia or delirium (sensitivity 86% and specificity 94%); failure to identify either year
or month correctly was 95% sensitive and 86.5% specific or the detection of cognitive
impairment. Severity of temporal disorientation, measured using a number of

approaches, was strongly associated with severity of dementia.

Conclusion: Disorientation to time is a useful guide to the presence and severity of
dementia or delirium in older hospital patients. Failure to identify the year or month
correctly is asufficiently sensitive and specific indicator of dementia or delirium to

warrant more detailed cognitive assessment in this population.



Disorientation to timeis a very common feature of delirium and dementia, and
assessment of temporal orientation is awell-established and routine part of mental status
testing.[1] Thereis no difficulty in recognizing abnormality in patients with gross
temporal disorientation. However, clinicians are sometimes uncertain about the
significance of more minor orientation errors, such as misstating the day of the month or

the week by aday or two, as a guide to possible delirium or dementiain older people.[2]

Studiesin young and middle-aged subjects show that it is rare for a normal individual to
misidentify the year or the month.[3] The most common error is to misidentify the day of
the month. However, less than 5% misidentify the day of the month by more than 3 days.
Benton and colleagues reported that there was 'no evidence of a decline' in temporal
orientation with age in a study of 162 community volunteers aged between 65 and 84
years (1981).[4] Nevertheless, the frequency of temporal disorientation in their study
was 1% in 90 patients aged 65 to 74 years and 6% in 72 patients aged 75 to 84 years.
Brotchie and colleagues used a different questionnaire to study temporal orientation in
235 hospital visitors aged 50-84 years.[5] They noted that less than 2% misstated the year
or month but that errorsin identifying the day of the month became more common with
increased age. Studies in patients with possible dementia suggest that temporal
orientation is auseful screening test for thisdisorder. [6, 7] Furthermore, studiesin head
injury [8], acohol withdrawal [9] and dementia [10] indicate that the magnitude of errors
on orientation tests is predictive of the severity of impairment on more detailed

neuropsychological testing.

In the only previous study, to our knowledge, to examine the significance of errorsin

different aspects of temporal orientation in older hospital patients, all errors were



sensitive to cognitive impairment but only failure to identify the year, month or day of the
week correctly had a specificity greater than 70% for identification of dementia or
delirium.[11] However, thisfact that patients were studied just after admission may have
exaggerated the specificity of abnormalities since it seems possible that orientation to
time might worsen, even in normal subjects, with prolonged admission. Also, the fact that
the same examiner assessed cognitive status and temporal orientation was a possible

source of bias.

In this study, we examined the validity of errorsin different aspects of temporal
orientation as a guide to the presence or absence of cognitive impairment (dementia,
delirium or both) in older hospital patients. We also examined whether the severity of
temporal disorientation might provide a useful measure of the severity of dementiain this

population.



METHODS

Patients and setting

Subjects recruited for this study were a convenience sample of patients aged 65 years or more
present during a series of cross- sectional surveys of inpatients on the general medica wards
of a University teaching hospital and among those attending the geriatric outpatient clinics
during September to November 2009. Subjects with major communication difficulties
(unable to speak English, severe deafness or such severe cognitive impairment that
communication was impossible), those considered by their doctors or nurses to be too sick to
be questioned and those who were unwilling to participate were excluded. The study was

approved by the local Clinical Research Ethics Committee.

Assessment

Subjects were assessed separately by two different doctors on the same day. The first doctor
explained the study and sought written consent or witnessed verbal assent to proceed. This
doctor then examined temporal orientation by asking for the year, the month, the date (day of
the month), the day of the week, and, making sure the patient could not look at a watch or
clock, the time of day. Answerswere recorded in the patients own words. Patients who said
they could not answer or were unsure about any item were encouraged to provide their best
estimate. Demographic information, including age, sex, date of birth and length of hospital

stay were obtained from the medical notes.



Subsequently, all patients were interviewed independently by an experienced clinician
who determined whether they had cognitive impairment (delirium or dementia or both).
Details of prior cognitive function were sought from all available sources including
carers, health care professionals and medical and nursing notes. Delirium was defined
according to the Confusion Assessment Method in the presence of: (1) acute onset and
fluctuating course; and (2) difficulty focusing or maintaining attention; and either (3)
disorganised thinking or (4) altered level of consciousness.[12] Dementia was staged
according to the Global Deterioration Scale, a well-established and validated clinical
rating system comprising detailed descriptions of seven stages ranging from normal
cognition to very severe dementia.[13, 14] For the purpose of analysis in this study, these
seven stages were reduced to five: absent (stage 1 and 2), questionable (stage 3), mild

(stage 4), moderate (stage 5) or severe (stage 6 and 7)

Sample size calculation

Sample size calculation was based on the approach recommended by Guyatt and
colleagues for diagnostic test studies.[15] We assumed that at least 20% of subjects
would have cognitive impairment and that the best test would have a sensitivity of 85%
for detection of cognitive impairment.[11] The required sample size to measure this

sensitivity with a 95% confidence interval of no more than 10% was 246.

Analyses

All analyses were performed using SPSS 15.0 for windows. Data were inspected to

determine the frequency and nature of errors, including non-responses, in those without



cognitive impairment. The hypothesis that orientation errors became more common with

increased length of hospital stay was assessed using non-parametric tests.

This study was concerned primarily with two potential uses of temporal orientation: (1)
predicting cognitive impairment (delirium or dementia or both) from temporal
disorientation; and (2) using severity of temporal disorientation as a guide to the severity

of dementia

Predicting cognitive impairment from temporal disorientation

Error scores for the different components of temporal orientation (year, date, day, month,
and time) were examined in patients with and without cognitive impairment. A single
error point was given for each 30 minutes, day of week, day of month, month or year
removed from the correct answer. It was considered likely that failure to provide an
answer for any aspect of temporal orientation would be most likely in those with
cognitive impairment; hence, non-responses received two error points. The area under
recel ver—operating characteristic (ROC) curves relating the different aspects of temporal
orientation to a diagnosis of cognitive impai rment were examined; this measure can take
values between 0 and 1, where 1 is a perfect screening test and 0.5 is atest equal to
chance. Examination of the ROC curves was used to select the cutoff pointsin error
scores for each aspect that maximised the sum of sensitivity and specificity. Sensitivity,
specificity and positive and negative likelihood ratios (with ninety five percent

confidence intervals (Cl)) were calculated for each cutoff.



Stepwise logistic regression was used to determine the optimal combination of
orientation items with the intention of deriving asimple model for predicting the
presence or absence of cognitive impairment from temporal orientation items alone. The
Nagelkerke R square, which ranges between 0 (no association) and 1 (perfect
association), was used to provide a guide to the power (effect size) of the model;[16] this
can be regarded as an approximation of the ordinary least squares R square in linear
regression which measures the proportion of variance in the outcome explained by the

regression model.

Severity of temporal disorientation as a measure of severity of cognitive impairment

The relati onships between dementia stage, as a measure of severity of cognitive
impairment, and errorsin different aspects of orientation were examined using the
Jonckheere-Terpstratest, a non-parametric equivalent of chi-square for trend.[16, 17] The
same test was used to assess the relationship between dementia stage and simple additive
and weighted approaches to measuring temporal orientation error scores. In the additive
approach, asingle error point was given for any error in year, month, date, day of the
week or time, and these were summed to give an overall score from0to 5. Inthe
weighted approach, we calculated the Temporal Orientation Scale (TOS) described by
Benton and colleagues with, as before, a double score being given for non-responsesin
any domain (Table 1).[18] Subjectswith delirium, with or without coexisting dementia,

were excluded from all of these analyses.



Tablel. Scoring system for Benton's Temporal Orientation Scale (TOS)

Time of day: 1 point for each 30 minutes removed from correct time (maximum 5
points).

Day of week: 1 point for each day removed from correct day (maximum 3 points).

Day of month: 1 point for each day removed from correct day (maximum 15 points).
Month: 5 points for each month removed from correct month, but if date iswithin 15
days of correct date, no additional points are scored for the incorrect month; for example,
July 28" instead of August 2™ gets 5 points.

Year: 10 error points for each year removed from correct year (maximum 60 points), but ,
if date iswithin 15 days of correct date, no additional points are scored for the incorrect
year; for example, December 28" 2008 for January 2™ 2009 gets 5 error points.

The total number of points equals the patient's score on the test.



RESULTS

Of the 262 patients included in the study, 169 were inpatients and 93 outpatients. There
were 151women and 111 men; median (range) age was 76 (65 — 101) years. Overall, 62
(23.7%) patients (15 (16.1%) outpatients and 47 (27.8%) inpatients) had cognitive
impairment: 15 (all inpatients) had delirium (11 of whom also had dementia) and 47 had
dementia (mild in 26, moderate in 12, severein 9); an additional 18 subjects (6.9% of

study population) had questionable dementia.

The frequency of non- responses for different aspects of temporal orientation among the
262 patients were 25 (9.5%) for date, 12 (4.6%) for time of day, 10 (3.8%) for day of the
week, 8 (3.1%) for month and 7 (2.7%) for year. Inspection of the data showed that non-
responses were more common with increasing cognitive impairment. Among the 200
patients without cognitive impairment, the frequency of non-responses were 8 (4.0%) for
date, 4 (2.0%) for time of day, 3 (1.5%) for day of the week, 1 (0.5%) for month and 0%

for year.

In the 200 patients without cognitive impairment, the following was the frequency of
error (or failure to respond): date in 123 (61.5%); time (30 minutes or more) in 98 (49%);
day of the week in 36 (18%); month in 28 (13%); and year in 12 (6%). Most errors were
relatively minor: thus, again including failure to respond among the errors, 76 (38%) had
the date wrong by 3 days or more, 61 (30.5%) had the time wrong by an hour or more, 12
(6%) had the day of the week wrong by more than one day, 4 (2%) had the month wrong

by more than one month and 5 (2.5%) had the year wrong by more than one year. Also,
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of the 28 people who made an error in identifying the month, 9 made their error when the

date of testing was one or two days either side of the start of the month.

Visual inspection and analysis of datain those without cognitive impairment showed a
significant relationship between the presence and the magnitude of errors in identifying
the date and the day of the week and increased length of hospital stay (LOS). For date,
median LOS was 0 (range 0 — 78) for those with no error and 6 (0 — 67) for those with an
error, p (Mann —Whitney U test) < 0.0001; there was a positive correlation (Spearman’s
rho 0.28, p<0.0001) between the size of the error and LOS (outpatients being given a
LOS of zero). For day of the week, median LOS was 3 (range 0 — 169) for those with no
error and 7 (0 — 67) for those with an error, p = 0.002; Spearman’s rho was 0.21
(p=0.003). For year, median LOS was 3 (range 0 — 133) for those with no error and 6 (O
— 169) for those with an error, p = 0.08. For month, median LOS was 4 (range 0 — 78) for
those with no error and 4 (0 — 169) for those with an error, p = 0.65. For time of day,
median LOS was 3 (range 0 — 78) for those with no error and 4 (0 — 169) for those with

an error, p=0.1.

Predicting cognitive impairment from temporal disorientation

The best cut-offs for detection of cognitive impairment were: any error in identifying the
year, month, day of the week or date and an error of 1 hour or morein identifying the
time of day. The test characteristics associated with these cut-offs are shown in Table 2.
Areas under the ROC curve (95% Cl, significance level) for detection of cognitive
impairment were: 0.92 (0.86 — 0.97, p<0.0001) for error in year, 0.80 (0.72 — 0.87,

p<0.0001) for error in month, 0.73 (0.67 — 0.80, p<0.0001) for error in time of day, 0.70
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(0.62 —0.78, p<0.0001) for error in day of the week and 0.61 (0.54 — 0.69, p=0.006) for
error in date. (If the definition of error in identifying month was changed to exclude
errors within two days of a change in month, sensitivity of an error decreased to 0.66
(41/62) while specificity increased to 0.95 (190/200); the area under the ROC curve was

amost identical at 0.79 (0.72-0.87)).

Of the 15 subjects with delirium, all misidentified (or failed to respond to) the year and
the day of the month, 14 (93.3%) did not know the time and 12 (80.0%) did not know the

month or day of the week.

In a backward stepwise logistic regression, not knowing the year (odds ratio (OR) 37.2
(95% confidence interval (Cl) 13.1 —101.3), not knowing the month (OR 3.85 (1.43 —
10.38) and error of 1 hour or morein time of day (OR 2.76 (1.0 — 7.46) were independent
predictors of cognitive impairment (Nagelkerke R square 0.70). On examination of the
different possible combinations of these three factors, the highest sum of sensitivity and
specificity for the detection of cognitive impairment was provided by the presence of

either error in year or month ( 95% sensitivity (59/62) and 86.5% specificity (173/200)).
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Table2. Sensitivity, specificity and likelihood ratios (with 95% CIs) of temporal

orientation testsfor the diagnosis of cognitive impair ment.

Test

Y ear

(any error)

Month

(any error)

Date

(any error)

Day of week

(any error)

Time of day

(> 1 hour error)

LR = likelihood ratio.

Sensitivity

0.86

(0.78 —0.91)

0.69

(0.60—0.78)

0.95

(0.88—0.98)

0.58

(0.48 — 0.68)

0.77

(0.67 —0.86)

Specificity

0.94

(0.92 - 0.96)

0.86

(0.83 —0.89)

0.38

(0.36—0.39)

0.82

(0.79 - 0.85)

0.70

(0.66—0.72)

13

+LR

14.25

-LR

0.15

(9.15 — 21.33) (0.09 —0.25)

4.95

(3.50-6.82)

1.55

(1.36—1.27)

3.23

(2.26 — 4.48)

2.54

(2.00 —3.05)

0.36

(0.25-0.49)

0.13

(0.04 —0.35)

0.51

(0.38—0.66)

0.33

0.20 — 0.50)



Severity of temporal disorientation as a measur e of severity of cognitive impair ment

The relationship between dementia stage and the magnitude of orientation errors are
shown in Table 3; results for delirious patients are included for comparison. Standardised
Jonckheere-Terpstra (J-T) statistics showed that scores on all measures, except error in
identifying the date, increased significantly with increasing severity of dementia. Effect
size provides a useful metric for comparing the relative magnitude of the differences
between the groups with each measure of severity: as arough guide, a large effect sizeis
onethat is equal to or greater than 0.80, a medium effect is onethat is equal to or greater
than 0.50 but less than 0.80, and a small effect is one that is equal to or greater than 0.20
but less than 0.50. These results suggest that while the TOS is slightly more responsive
than the additive test for assessing severity of temporal orientation, assessing the
magnitude of error in year on its own was an even better measure in this population. The

boxplot relating error in year to dementia stage is shown in Figure 1.
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Table 3. Relationship of different severity scoresto dementia stage

Measure of severity (median (range))

Year Month Day Date Time Additive TOS
Dementia stage
None (n=182) 0(0-2) 0(0-2) 0(0-2) 1(0-10) 0 (0-4) 2(0-5) 2 (0-36)
Questionable (n=18) 0 (0-9) 0(0-2) 0(0-2) 1(0-7) 0 (0-5) 2 (0-4) 6 (0-70)
Mild (n=26) 4(0-32) 1(0-2) 0(0-3) 1(0-12) 2 (0-4) 3(1-5) 43 (1-80)
Moderate (n=12) 8 (0-50) 1(0-3) 1(0-3) 2(1-14) 2 (1-6) 5 (4-5) 68 (29-98)
Severe (n=9) 12(2-44)  2(0-5) 1 (1-4) 2(2-9) 2 (2-6) 5 (4-5) 69 (23-87)
Delirium (N=15) 9(1-33) 1(0-4) 0(0-2) 4 (1-13) 2 (1-6) 4 (3-5) 76 (8-94)
J- T dtatistic 12.2 8.9 19 6.7 5.3 8.3 9.9
p value <0.0001 <0.0001 0.06 <0.0001 <0.0001 <0.0001 <0.0001
Effect size 0.78 0.57 0.12 043 0.34 0.53 0.63

J T statistic = standardised Jonckheere-Terpstra statistic; TOS = Temporal Orientation Scale.
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DISCUSSION

Our results confirm the value of testing temporal orientation in older hospital patients and
establish useful cut-offs for identifying dementia or delirium in this group. Failureto
identify the year correctly was the most valuable single sign of cognitive impairment,
combining high sensitivity and specificity, while the combination of either error in
identifying year or month provided the best combination of sensitivity and specificity.
Molloy and colleagues recommended in their standardized version of the MM SE that the
responses to the month item should be accepted as correct if, on the first day of a new
month or the last day of the previous month, people say either of these months.[19] In the
current study, many errors in identifying the month in cognitively normal people
occurred within two days either side of the new month; however, improved specificity
with using this diagnosis of error in identifying the month was more than offset by a

reduction in sensitivity to cognitive impairment.

Even when using optimal cut-offs, assessment of the day of the month, the day of the
week and the time of day were less helpful tests for identifying cognitive impairment in
this study, although, because inability to identify the day of the month was so commonin
those with cognitive impairment, the absence of such an error might be useful in
effectively ruling out a significant cognitive problem. There was a strong relationship
between the duration of hospital stay and both the presence and the magnitude of errors
in identifying date of the month and day of the week. Thisis not surprising given the

relative absence of usual social and environmental cues during prolonged hospitalization.
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The assumption that errorsin knowing the year or the month are more likely to be
significant than mistakes such as misstating the day of the month by aday or two is
reflected in the TOS which has differently weighted scores for different elements of
orientation, with errorsin month and particularly year attracting higher error scores than
errors in day or date.[18] However, in the Mini Mental State Examination (MM SE),[20]
questions regarding the season, day, month, year or date are scored equally as correct or
incorrect, and asimilar approach is taken in other brief cognitive tests.[21, 22] Both
approaches to measuring severity of temporal disorientation have been moderately
predictive of performance on more detailed cognitive testing in avariety of patient

groups. [9, 10, 23].

In the current study, both the additive scores and the TOS increased significantly with
increasing severity of dementia. However, the greater effect size of the TOS supports the
value of using a weighted scoring system. Further support for this approach comes from
the finding that higher weighting of year error scores in the Modified Mini-Mental State
Examination (3MS),[24] a revision of the MM SE, results in increased discrimination

between normal cognitive function and Alzheimer’s disease patients.[25]

Although the TOS remains the best standardized psychometric test of temporal
orientation, the complexity of the scoring system is a disadvantage. The current study
also suggests that the capping of year error scores when a6 year error is reached is too
restrictive; in our older hospital population, errors of some decades were not uncommon

and occurred mainly in those with moderate to severe dementia. Indeed our results
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suggest that reliance on year error scores alone might be asimple alternative in an older

population.

Although the number of patients with delirium in the current study was small, orientation
errors were very sensitive to delirium and the severity of disorientation in delirious
patients was comparable to that seen in those with severe dementia. The relationship
between the severity of temporal disorientation and of dementia raises the question of
whether severity of disorientation might also be asimple marker of the severity of
delirium and, as Varney and Shephard suggested, [9] whether serial assessment of
temporal orientation might be useful in monitoring change in cognitive status in patients
with delirium. Studies in head-injury patients support the value of serial assessment of

orientation [8, 26], but this requires further assessment in delirium.

The independent assessment of temporal orientation and of cognitive status on the same
day in all subjectsis an advantage of this study. The use of a convenience sample of
patients is amajor disadvantage of the study since this approach gives rise to concern
about sampling bias and limits the generalizability of the study. Furthermore, we did not
assess educational status of patients, although thereis evidence that errors are more
common in those with less education.[27] The evidence in this study for the superiority
of the weighted approach to assessing severity of disorientation is indirect, and numbers
were inadequate to examine the relative ability of different scoring systems to distinguish

different stages of dementia.

Recognition of dementia and, more importantly, delirium in hospital patients by medical

and nursing staff is notoriously poor.[28] Orientation is often the only aspect of
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cognition assessed by doctors and nurses, usually in the form of a cursory comment that
the patient is ‘oriented to time, place and person’ - or the contrary — based on their own
interpretation of what errors might be acceptable.[2,28-30] Testing temporal orientation
is not an adequate substitute for proper mental status testing or for knowledge of
cognitive problems. However, if cognitive testing is to be restricted to asingle domain,
orientation to time is one of the most efficient measures for discriminating between those
with and without dementiaand in predicting cognitive decline with time.[6, 32, 33]
Furthermore, the reliance on assessment of orientation has proven relatively resistant to
educational interventions.[31] Our results suggest that temporal orientation, properly
recorded and interpreted, may provide a useful screening test for dementia or delirium in
older hospital patients. In particular, failure to identify the year or month correctly isa
sufficiently sensitive and specific indicator of dementia or delirium in older hospital

patients to warrant specialist referral for more detailed assessment in this population.
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Figure 1. Boxplot relating error in year to dementia stage.
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Figure 1. Boxplot relating error in year to dementia stage.
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A minor outlier (denoted by a°) is an observation 1.5 times the inter — quartile range outside
the central box. A mgjor outlier (denoted by a*) is an observation 3.0 times the inter —
guartile range outside the central box.



