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Abstract

Background/Aims: Cognitive impairment is prevalent in older inpatients but may be unrec-
ognized. Screening to identify cognitive deficits is therefore important to optimize care. The
10-point Abbreviated Mental Test Score (AMTS) is widely used in acute hospital settings but
its reliability for mild versus more severe cognitive impairment is unknown. We therefore
studied the AMTS versus the 30-point Montreal Cognitive Assessment (MoCA) in older (=75
years) inpatients. Methods: The AMTS and MoCA were administered to consecutive hospital-
ized patients at >72 h after admission in a prospective observational study. MoCA testing time
was recorded. Reliability of the AMTS for the reference standard defined as mild (MoCA <26)
or moderate/severe (MoCA <18) cognitive impairment was assessed using the area under the
receiver-operating curve (AUC). Sensitivity, specificity, positive and negative predictive values
of low AMTS (<8) for cognitive impairment were determined. Results: Among 205 patients
(mean/SD age = 84.9/6.3 years, 96 (46.8%) male, 74 (36.1%) dementia/delirium), mean/SD
AMTS was 7.2/2.3, and mean/SD MoCA was 16.1/6.2 with mean/SD testing time = 17.9/7.2 min.
96/205 (46.8%) had low AMTS whereas 174/185 (94%) had low MoCA: 74/185 (40.0%) had mild
and 100 ( 54.0%) had moderate/severe impairment. Moderate/severe cognitive impairment
was more prevalent in the low versus the normal AMTS group: 74/83 (90%) versus 25/102
(25%, p < 0.0001). AUC of the AMTS for mild and moderate/severe impairment were 0.86 (95%
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Cl = 0.80-0.93) and 0.88 (0.82-0.93), respectively. Specificity of AMTS <8 for both mild and
moderate/severe cognitive impairment was high (100%, 71.5-100, and 92.7%, 84.8-97.3) but
sensitivity was lower (44.8%, 37.0-52.8, and 72.8%, 62.6-81.6, respectively). The negative pre-
dictive value of AMTS <8 was therefore low for mild impairment (10.9%, 5.6—18.7) but much
higher for moderate/severe impairment (75.2%, 65.7-83.3). All MoCA subtests discriminated
between low and normal AMTS groups (all p < 0.0001, except p = 0.002 for repetition) but
deficits in delayed recall, verbal fluency and visuo-executive function were prevalent even in
the normal AMTS group. Conclusion: The AMTS is highly specific but relatively insensitive for
cognitive impairment: a quarter of those with normal AMTS had moderate/severe impairment
on the MoCA with widespread deficits. The AMTS cannot therefore be used as a “rule-out”
test, and more detailed cognitive assessment will be required in selected patients.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Comorbid cognitive disorders are prevalent in older hospitalized people. In general
medical wards, up to half of older patients may have dementia, although many are undiag-
nosed, and delirium rates reach 40% in the oldest old [1-3]. Cognitive impairment may also
occur in association with acute illness in the absence of a dementia or delirium syndrome and
predicts future dementia [4, 5]. Patients with comorbid cognitive disorder are often poorly
mobile with increased risk of falls and pressure sores, and may lack capacity to make deci-
sions [3]. Rates of institutionalization and mortality are high [1, 3]. Identification of cognitive
impairment is therefore necessary as part of holistic care but is often neglected in the acute
setting [6, 7]. Hospital clinicians tend to be focussed on physical illness and are poor at iden-
tifying cognitive impairment based purely on impression [8].

Guidelines therefore recommend routine screening for cognitive impairment in older
inpatients, but there is no consensus on which tests are best [9-11]. We have previously
shown that the widely used 10-point Abbreviated Mental Test Score (AMTS [12]) is feasible
and valid in the acute hospital setting [13]. However, available data suggest that the AMTS
has a ceiling effect being insensitive to milder deficits [13]. The 30-point Montreal Cognitive
Assessment (MoCA) was designed to detect mild cognitive impairment and reportedly takes
<10 min to administer with scores <26 defined as abnormal [14]. The MoCA has been vali-
dated in a number of specific conditions including Alzheimer’s disease [15], mild cognitive
impairment [14], Parkinson’s disease [16] and stroke [17], and has largely supplanted the
older Mini Mental State Examination which is no longer free to use [18].

We therefore determined the reliability of the AMTS in identifying mild and moderate/
severe cognitive impairment defined by the more detailed MoCA in an unselected sample of
older inpatients with unplanned admission to the general hospital. We also examined the
relative performance of the individual MoCA subtest items, the time taken to administer the
MoCA and the factors associated with longer administration times.

Methods

The Oxford University Hospitals Trust provides services for all acute internal medicine
patients in a population of approximately 660,000 and runs an unselected medical admission
system irrespective of age. In a prospective observational study, consecutive patients staying
atleast 272 h on a medical ward from March to May 2013 and from March to July 2017 were
examined. Patients were eligible if aged >75 years, able to participate in testing and were not
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receiving end of life care. Some data on the 2013 cohort have been reported previously [3, 19,
20]. The study was undertaken to inform future service development as part of a programme
to improve the process of care for patients with comorbid cognitive disorders and was
approved by the Divisional Management. The study was registered with the Oxford University
Hospitals Audit Team (audit registration [datix] No. 2117). Ethics approval was subsequently
granted for inclusion in the Oxford Cognitive Comorbidity, Frailty and Ageing Research
Database (ORCHARD REC reference 18/SC/0184).

Patients were administered the AMTS [12] followed by the MoCA [14] by A.E., ] W., S.K,
M.M,, A.P., medical students/clinical fellows trained by S.T.P. Age, sex and educational level
were recorded as were any problems that interfered with test administration (e.g., poor
vision, inability to use the dominant hand). An additional point for low education (<12 years)
was added to the MoCA score in line with the original publication [14]. Diagnoses of dementia
and delirium were taken from the clinical record. Time taken to administer the MoCA was
calculated by recording the start and end time of MoCA testing with a stopwatch for the 2017
cohort. In addition to the MoCA total and subtest scores, the total number of words produced
in 1 min in the verbal fluency subtest was also recorded. Verbal fluency is a frontal/execu-
tive task incorporating elements of processing speed which is not directly measured in the
MoCA [21].

Accepted cut-offs on the MoCA of <26 were taken to indicate mildly impaired and <18 to
indicate severely impaired cognitive function [14, 15, 17, 22]. The AMTS cut-off of <8 was
used to define normal versus abnormal AMTS groups [13].

Statistical Analyses

For calculation of total MoCA scores, patients with any missing subtest item because of
problems that interfered with testing were excluded. However, completed subtest items from
these patients were included in subtest analyses. Demographic associations (age, sex,
education) of MoCA scores were examined using linear regression. The proportion of patients
defined as impaired on the AMTS (<8) and with mild (<26) or moderate/severe (<18)
impairment on the MoCA were calculated overall. Differences in mean MoCA scores and in
categories of none, mild and moderate/severe MoCA-defined impairment between normal
andlow AMTS groups were compared using ANOVA and x? tests, respectively. Similar analyses
were undertaken for groups with no dementia/delirium versus dementia/delirium diag-
nosis.

Reliability of the AMTS for the reference standard of mild and moderate/severe cognitive
impairment as defined by the MoCA was assessed using the area under the receiver-operating
characteristic curve (AUC). Sensitivity, specificity, positive and negative predictive values for
mild and moderate/severe cognitive impairment for different AMTS cut-offs were deter-
mined from the AUC.

Mean/SD MoCA subtest scores were determined. Group subtest performance was ranked
by calculating the mean subtest score as a percentage of the maximum possible subtest score.
Demographic associates (age, sex, education) of MoCA subtest scores were examined using
linear regression or logistic regression as appropriate. Comparisons between MoCA subtest
scores between those with normal versus abnormal AMTS, and with no dementia/delirium
versus dementia/delirium diagnosis, were performed using t tests including the verbal
fluency task (number of words produced in 1 min).

Associations between total MoCA score and verbal fluency (number of words generated
in 60 s) and MoCA administration time were determined using linear regression with age, sex,
education and problems interfering with testing as covariates.
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Table 1. Study sample overall and by normal versus low AMTS groups and by delirium/dementia diagnosis showing demo-
graphic characteristics, rates of mild and moderate/severe cognitive impairment as defined by the MoCA, and MoCA testing

time
All patients ~ Normal Low p? No delirium/  Delirium/ p®°

AMTS AMTS (<8) dementia dementia

n=109 n=96 n=131 n=74
Mean/SD age, years 84.9/6.3 84.6/6.5 84.3/7.6 039  838/76 859/58  0.02
Male 96 (46.8) 39 (35.8) 57(59.4)  0.84 62 (44) 34(53)  0.61
Education <12 years 120 (58.4) 44 (40) 76 (79) 0.75 83 (58.9) 37(57.8) 0.68
MoCA mean/SD¢ 16.1/6.2 20.1/3.9 11.3/4.9 <0.0001 17.8/5.7 12.9/5.8 <0.0001
MoCA >26 11 (6) 11 (11.0) 0(0) <0.0001 11 (9) 0(0)  <0.0001
MoCA <26, >18 74 (40.0) 66 (66.0) 8(10.2) 56 (45.9) 18 (28.6)
MoCA <18 100 (54.1) 25 (25.0) 74 (90.1) 55 (45.1) 45 (71.4)
Mean/SD MoCA time¥,

min 17.9/7.2 16.4/7.7 19.1/6.7 0.07 17.2/7.1 18.9/7.7 0.33

2 Normal versus low AMTS. P No delirium/dementia versus delirium/dementia diagnosis. ¢ n = 185 completed all subtests
on the MoCA. ¢ n = 91 had MoCA time taken measured.

200 W Moderate/severe cognitive impairment 200
180 @ Mild cognitive impairment 180
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Fig. 1. Number of patients with no cognitive impairment and with mild (MoCA <26, light grey shading) and
moderate/severe (MoCA <18, dark grey shading) impairment in the sample overall, in those with AMTS >8
versus AMTS <8 (a) and without diagnosed dementia/delirium versus with dementia/delirium (b).

Results

Among 205 patients (mean/SD age = 84.9/6.3 years, maximum 102 years, 98 (47.8%)
male, 119 (58.4%) education <12 years, 74 (36.1%) dementia/delirium), mean/SD AMTS
was 7.2/2.3 (median (IQR) = 8 (6, 8)) with scores skewed towards normal. Twenty-seven
patients had one or more problems that interfered with MoCA testing including poor vision
(n = 12), deafness (n = 11), physical impairment of the upper limb/inability to draw (n = 8),
dysphasia (n = 1), focal discomfort (n = 3) and environmental disruption (n = 1). For the 185
patients (excluding the 20 patients with poor vision/inability to draw) able to attempt all
MoCA subtests including the visuo-executive items, mean/SD MoCA was 16.1/6.2, range
2-28, and the median (IQR) was 17 (11, 21) with MoCA scores being normally distributed
(Table 1). Results were similar after exclusion of all 27 patients with any problem that inter-
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Table 2. Sensitivity, specificity, positive (PPV) and negative predictive values (NPV) for mild and moderate/severe cognitive

impairment, as defined by the MoCA, for different cut-offs on the AMTS

AMTS cut-off

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Mild cognitive impairment (MoCA <26)

<10
<9
<8
<7
<6

83.4% (76.8-88.8)
61.3% (53.4-68.9)
44.8% (37.0-52.8)
35.0% (27.7-42.8)
20.2% (14.4-27.2)

72.7% (39.0-94.0)
100% (71.5-100)
100% (71.5-100)
100% (71.5-100)
100% (71.5-100)

Moderate/severe cognitive impairment (MoCA <18)

<10
<9
<8
<7
<6

92.4% (84.9-96.9)
85.9% (77.0-92.3)
72.8% (62.6-81.6)
59.8% (49.0-69.9)
35.9% (26.1-46.5)

34.1% (24.0-45.4)
74.4% (63.6-83.4)
92.7% (84.8-97.3)
97.6% (91.5-99.7)

100% (95.6-100%)

97.8% (93.8-99.6)
100% (96.4-100)
100% (95.1-100)
100% (93.7-100)
100% (89.4-100)

61.2% (52.5-69.3)
79.0% (69.7-86.5)
91.8% (83.0-96.9)
96.5% (87.9-99.6)
100% (89.4-100)

22.9% (10.4-40.1)

14.9% (7.7-25.0)

10.9% (5.6-18.7)
9.4% (4.8-16.2)
7.8% (4.0-13.5)

80.0% (63.1-91.6)
82.4% (71.8-90.3)
75.2% (65.7-83.3)
68.4% (59.1-76.7)
58.2% (49.6-66.4)

fered with testing (mean/SD MoCA =16.4/6.1). Nether MoCA nor AMTS were associated with
age, sex or education.

96/205 (46.8%) had low AMTS, and 174/185 (94%) testable patients had cognitive
impairment on the MoCA overall: 74 (40%) had mild (MoCA <26, >18) and 100 (54%) had
moderate/severe impairment (MoCA <18) with the remaining 11 being unimpaired (Table 1,
Fig. 1). Splitting the patients by low versus normal AMTS showed that MoCA scores were
significantly lower in patients with AMTS <8 versus >8 (mean/SD MoCA = 11.3/4.9 vs.
20.1/3.9, p < 0.0001, Table 1). In the low AMTS group, the vast majority (74/82, 90%) had
moderate/severe cognitive impairment with the remaining 8 (10%) having mild impairment,
and no patients had a normal MoCA score (Table 1, Fig. 1). In the AMTS >8 group, the
proportion of patients with moderate/severe impairment was less but it was nevertheless
presentin 25/102 (25%), with 66 (65%) having mild impairmentand 11 (11%) being unim-
paired (Table 1, Fig. 1). Rates of moderate/severe cognitive impairment were lower in those
with a diagnosed cognitive syndrome (42/59, 71%) than in those with low AMTS such that
nearly half of those without a diagnosed cognitive syndrome had MoCA <18 (55/122, 45.1%,
Table 1, Fig. 1).

AUC of the AMTS for MOCA-defined mild and moderate/severe impairment were 0.86
(95% CI 0.80-0.93) and 0.88 (0.82-0.93), respectively. The sensitivity, specificity, positive
and negative predictive values for mild and moderate severe cognitive impairment by
different AMTS cut-offs are shown in Table 2. Specificity of AMTS <8 was high for both mild
(100%, 95% CI =71.5-100) and moderate/severe impairment (92.7%, 84.8-97.3). However,
sensitivity for mild impairment was low (44.8%, 37.0-52.8) whereas it was substantially
higher for moderate/severe impairment (72.8%, 62.6-81.6). As a result, the negative
predictive value for normal AMTS for mild impairment was very low (10.9%, 5.6-18.7) but
much higher for moderate/severe impairment (75.2%, 65.7-83.3).

MoCA subtest performance was worst for delayed recall (mean/SD = 0.8/1.3, 16% of
maximum subtest score), verbal fluency (mean/SD = 0.3/0.4, 30% of maximum subtest score)
and visuo-executive function (mean/SD = 2.3/1.5, 46% of maximum subtest score) and best
for naming (mean/SD = 2.5/0.8, 83% of maximum subtest score) (Table 3, Fig. 2).

There were independent associations between demographic variables and some MoCA
subtests: age with sentence repetition (f = -0.26, p < 0.0001) and naming (8 = -0.19, p =
0.007); male sex with calculation (8 = 0.15, p = 0.04); and more education with naming (3 =
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Fig. 2. Mean MoCA subtest scores shown as a percentage of the maximum subtest score. Figures after slash
indicate maximum subtest score.a AMTS >8 (grey line) and AMTS <8 (black line). Differences in subtest per-
formance between groups were significant (all p < 0.0001, except sentence repetition, p = 0.002). b Without
diagnosed dementia/delirium (grey line) versus with dementia/delirium (black line). Differences in subtest
performance between groups were significant except naming, sustained attention and calculation.

0.14, p = 0.04) with a trend to calculation ($ = 0.13, p = 0.06) and verbal fluency (= 0.13,p =
0.07). The number of words generated in 60 s was associated with more education (8 = 0.14,
p =0.04).

Comparing normal versus low AMTS groups, showed similar rankings in relative subtest
performance but significant differences in the performance of all MoCA subtests with the
greatest differences seen for sustained attention (tapping at the letter A), orientation, verbal
fluency, visuo-executive function and calculation (Table 3, Fig. 2). However, even in the
normal AMTS group, widespread deficits in MoCA subtests were seen (Table 3, Fig. 2). Differ-
ences in MoCA subtests in patients with and without a diagnosed dementia/delirium were
also seen but were less pronounced than between the normal and abnormal AMTS groups
and did not reach significance for naming, sustained attention or calculation (Table 3, Fig. 2).

MoCA time taken was measured in 91 patients (mean/SD age = 83.8/8.2 years, 50 (55%)
male, 61 (67%) education <12 years). The mean/SD MoCA time taken was 17.9/7.2 min, the
median (IQR) was 18 (12-22) min with a range of 3-48 min. In 41/91 (45%) patients, MoCA
took 20 min or more to administer and there was a trend towards longer testing time in
patients with low versus normal AMTS (Table 1). MoCA administration time was associated
with total MoCA score ( = -0.21, p = 0.05) and the number of “F” words generated in 60 s
(B=-0.27,p =0.02).

Discussion
Around one half of older inpatients were impaired on the AMTS, but over 90% were

impaired to some degree on the MoCA and moderate/severe cognitive impairment was
common. Although sensitivity of the AMTS for mild impairment was low, it was better for
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moderate/severe impairment. MoCA subtest performance showed cognitive deficits across a
wide range of cognitive domains including short-term recall, verbal fluency and visuo-exec-
utive function even in those with normal AMTS. MoCA administration time was considerably
longer than the 10 min stated in the original publication, and nearly half of the patients took
at least 20 min.

Our findings have important implications for the interpretation of routine cognitive
screening in the general hospital. The AMTS is recommended as a first-line cognitive screen in
the acute setting [8-10], and our study shows that AMTS <8 is highly specific for cognitive
impairment since it invariably indicates the presence of at least mild and in most cases
moderate/severe cognitive impairment. However, a “normal” AMTS does not exclude
impairment: the negative predictive value for mild impairment was low (only 11% with
normal AMTS were unimpaired on the MoCA). Although the negative predictive value for
moderate/severe impairment was higher, a quarter of those with normal AMTS had MoCA <
18 with widespread cognitive deficits. In fact, the older inpatients with normal AMTS performed
as poorly on the MoCA as stroke survivors and had a similar cognitive profile with prominent
deficits in frontal/executive function as well as recall [17]. This contrasts with the relatively
good visuo-executive function seen in Alzheimer’s and memory research subjects [23].

Our patients’ MoCA scores were broadly comparable (mean MoCA = 16.1 vs. 19.3) to
those reported in internal medicine patients of similar age in a US study designed to compare
the MoCA with the Mini Mental State Examination [22]. This study did not report on problems
with testing, and MoCA subtests were not examined. We found that problems interfering with
testing were common particularly sensory deficits and difficulty drawing as might be expected
in older, multi-morbid inpatients. Failure to account for testing problems might result in
spurious low scores but are often not reported [24].

Our findings provide information of relevance to the assessment of decision-making
capacity in older inpatients. Although capacity assessment is decision and time specific and
therefore cannot be inferred from a single cognitive test, the identification of “an impairment
of mind or brain” is the first step in any capacity assessment [25]. Staff should be aware of the
ceiling effect of the AMTS and that important impairments may be missed using this brief tool
(and further, thatrelying on a diagnosis of dementia/delirium done as part of standard clinical
care to identify cognitively impaired patients is even more unreliable [1, 2]). In addition, the
four subsequent components of capacity assessment are the ability to understand, retain,
weigh up and communicate a decision [25]. Adequate short-term memory function is required
to retain information, and executive function is key to a person’s ability to weigh up the risks
and benefits of a decision as highlighted in current UK guidance [26]. Tests of executive
function are therefore suggested as a useful adjunct to capacity assessment although there is
no consensus on which tests to use [26]. The cognitive profile of older inpatients revealed by
the MoCA with marked recall and executive deficits would suggest that decision-making
capacity is impaired to a greater or lesser extent in the majority of older inpatients including
in those with normal AMTS.

All MoCA subtests discriminated between patients with normal versus low AMTS
consistent with the larger proportion of severely impaired patients in the low AMTS group.
Differences were most pronounced for sustained attention, visuo-executive function and
orientation. In contrast, differences in MoCA subtests between patients with and without a
clinically diagnosed cognitive syndrome were less apparent probably because of under-
recording/diagnosis of these conditions in routine care [1]. The MoCA was designed to be
sensitive to mild cognitive impairment in the memory clinic setting, and the relative subtest
difficulty has been shown to vary somewhat across disease groups [14-17]. Recall, visuo-
executive function and verbal fluency, along with naming, calculation and orientation,
discriminate between controls and mild cognitive impairment subjects [14]. The attentional
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tasks (digit span and tapping at the letter A) show a worse performance in patients with
dementia than in normal subjects and those with mild cognitive impairment [14]. We did not
see any associations between total MoCA score and age, sex or education in our sample
probably because of the restriction to an older age group and the addition of a point for less
education as per the original publication [14]. There were associations for some individual
subtests including age and naming, sex and calculation, and education and verbal fluency in
line with previous studies examining demographic effects on cognitive domain performance
[27, 28].

The MoCA administration time was considerably longer overall than the <10 min stated
in the original publication [14]: only a minority of patients were testable in under 10 min, and
some took half an hour or longer. Even in those with normal AMTS, the average time taken
was over 15 min. There are few data available from other cohorts, but our findings suggest
that the resources required, in terms of clinician time, to perform the MoCA in the acute
hospital setting are not negligeable. This, together with the problems encountered in testing
some patients, make the MoCA unsuitable as a routine screen in this environment. MoCA
administration time was inversely associated with total MoCA score, i.e. more impaired
patients took longer to perform the test, but problems interfering with testing were not asso-
ciated possibly because of small numbers. Administration time was also associated with
verbal fluency and might therefore be a proxy for processing speed which is not directly
measured by the MoCA.

Strengths of our study include the use of a real-world clinical sample of unselected hospi-
talized older people, the careful recording of problems interfering with testing and the
measurement of MoCA administration time, on which there are few data. Weaknesses include
the lack of data on rates of untestability in the source sample although previous studies suggest
that this is common in older people with severe illness [24, 29]. In addition, the study was
undertaken in a single institution. However, this was a large district hospital taking all internal
medicine patients from a defined region, and we assessed consecutive unselected patients.
The findings are therefore likely to be applicable to other older inpatient populations.

Conclusions

The AMTS is highly specific for cognitive impairment and is brief and feasible as a routine
screen in the acute hospital setting. However, it is poorly sensitive, and a quarter of those with
normal AMTS have moderate/severe cognitive impairment with widespread cognitive
deficits including executive dysfunction. The AMTS cannot therefore be used to rule out
cognitive impairment but more detailed cognitive assessment should be reserved for selected
patients where clinically indicated.
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