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Abstract

Introduction: Overall dementia diagnosis rates are substantially below true rates. Hospital admissions of older people involve
cognitive and functional assessments relevant to dementia diagnosis. These assessments could be harnessed to contribute to
identifying patients for further assessment. Yet relationships of inpatient cognitive tests with known dementia are unclear.
The 4AT (www.the4AT.com) assesses for delirium (Scores 4-12) and also cognitive impairment via embedded cognitive tests
(Scores 1-3). We investigated relationships between 4AT scores and clinical dementia diagnoses.

Methods: We included participants aged >065 years admitted as a medical emergency to three hospitals from 4 January 2016
to 4 January 2020, who had the 4AT performed on admission. Clinical dementia diagnosis was ascertained from linked
primary care, hospital discharge and community prescribing data.

Results: Of 75 221 admissions, 62 188 (82.7%j; 33 625 unique patients; mean age 80.2 years; 55.8% female) had a 4AT on
admission. Of these, 9948 (16.0%) had a recorded clinical dementia diagnosis at the time of admission, with a further 1197
(1.9%) receiving a new diagnosis at discharge. Of admissions with dementia, 9669/11 145 (86.8%) had a 4AT score >1 on
admission, compared to 14 994/51 043 (29.4%) without dementia. 4AT >1 had a sensitivity of 0.87 (95% CI 0.86-0.87)
and a specificity of 0.71 (0.70-0.71) in relation to clinical dementia diagnosis. 4AT >4 showed sensitivity of 0.50 (0.50-0.51)
and a specificity of 0.88 (0.88-0.88).

Conclusions: 4AT scores were associated with clinically diagnosed dementia. These results suggest that routinely collected
4AT scores could be leveraged in conjunction with other clinical indicators to identify patients with possible undiagnosed
dementia who could undergo further inpatient diagnostic assessment and/or post-discharge specialist follow-up.
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Key Points

* The 4AT assesses for delirium (Scores 4-12) and cognitive impairment via embedded cognitive tests (Scores 1-3).

* This study investigated the association between 4AT scores and clinically diagnosed dementia.

* Positive 4AT scores were associated with clinically diagnosed dementia.

* Routine 4AT scores could be used along with other clinical indicators to identify patients with possible undiagnosed

dementia.

Introduction

People with dementia are frequently hospitalised, with rates
ranging from 0.37 to 1.26 per person-year in high-quality
studies [1]. Dementia is present in at least 20% of older gen-
eral hospital inpatients, yet over one-third lack a formal diag-
nosis [2-7]. Hospital admission of older people currently
involves multiple cognitive and functional assessments, and
these could be informative for dementia diagnosis. Admis-
sion presents a valuable potential opportunity to diagnose
dementia and/or initiate a postdischarge diagnostic pathway.

National guidelines, including the 2012-2019 English
Department of Health CQUIN framework, the Irish
pathway for Suspected Dementia on Acute Hospital
Wards and the 2023 Scottish Intercollegiate Guidelines
Network (SIGN) dementia guideline, recommend dementia
diagnosis in hospital for appropriate cases [8—10]. Existing
studies support the feasibility of hospital-based diagnostic
pathways. For example, one liaison psychiatry service in
London received 2153 referrals for a range of psychiatric
presentations over a 3-year period, of which 51 people
(2%) were diagnosed with dementia in hospital and 273
(13%) referred for outpatient assessment [11]. However,
hospital-based diagnosis remains relatively uncommon,
for reasons including concerns around the interpretability
of cognitive testing in hospital inpatients; inconsistent
availability of specialists; and challenges in accessing
postdiagnostic support, dementia drug prescription and
monitoring pathways [12, 13].

Most hospital admissions occur for reasons other than
dementia, and identifying possible dementia therefore
relies on routine clinical assessments performed for other
clinical purposes but which are potentially indicative of
dementia. The 4 ‘A’s Test (4AT; www.the4AT.com) is widely
used in UK hospitals and internationally for delirium
detection. It is recommended for all older adult hospital
admissions by National Health Service (NHS) England
and by Scottish Intercollegiate Guidelines Network (SIGN)
delirium guidelines [14, 15]. The 4AT is scored from
0 to 12. A 4AT score>4 is sensitive and specific for
delirium, as demonstrated in multiple validation studies
[16]. Delirium is a strong indicator of dementia, with
dementia present in over half of inpatients with delirium
[2, 6, 17]. However, unlike other delirium detection
tools, as well as assessing for delirium, the 4AT also
incorporates a ‘possible cognitive impairment’ category
(Score 1-3). This is scored through two short embedded
cognitive tests, the Abbreviated Mental Test 4 (AMT-4)
and Months of the Year (MOTY) Backwards test, which
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are commonly used as simple tests of cognitive impairment
[18, 19]. Thus, any 4AT score>1 could indicate possible
dementia and prompt more detailed evaluation, when
interpreted alongside other relevant clinical information.

Previous studies have demonstrated associations between
4AT scores of 1-3 and adverse outcomes including higher
mortality, longer hospital stays and reduced time at home
after discharge, but few have directly examined associations
with dementia [20, 21]. A study of 419 older adults attend-
ing a single Emergency Department (ED) in Ireland found
that a 4AT score >2 had a sensitivity of 0.74 (0.64-0.83)
and a specificity of 0.87 (0.82-0.90) for dementia compared
to expert clinical assessment [22]. In that study, the 4AT
was administered by trained researchers. Whether the 4AT
used in routine care can help to indicate dementia remains
underexplored.

This study examined admission 4AT scores in relation to
recorded dementia diagnoses, aiming to assess performance
of the 4AT for identifying dementia, including dementia
newly diagnosed during hospital admission. We hypothe-
sised that a 4AT score >1 would demonstrate good sensitiv-
ity and specificity for clinically diagnosed dementia and thus
could be used alongside other relevant clinical information
to identify patients requiring further cognitive assessment.

Methods

This retrospective cohort study used routinely collected
pseudonymised data accessed via the DataLoch service (data
loch.org). We included people aged >65 with an emergency
medical admission to three NHS Lothian hospitals from
4 January 2016 to 4 January 2020 with 4AT recorded on
admission. All included participants were registered with a
General Practitioner (GP) contributing to DataLoch (~90%
of GP practices and ~86% of older adults in Lothian), with
at least 1 year of GP registration before admission [23, 24].

Data sources

Emergency hospitalisation data were obtained from the hos-
pital EHR (TrakCare, Intersystems). Dementia diagnoses
were determined using linked GP (Read version2 codes),
hospital discharge and community prescribing records. Hos-
pital discharge data were obtained through linkage to Scot-
tish Morbidity Records 01 (SMRO1), a national adminis-
trative dataset capturing all acute inpatient episodes, with
up to six diagnoses recorded per episode using International
Classification of Diseases 10th revision (ICD-10) codes.
Dementia was identified in SMRO1 and GP data using code
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lists from the HDR UK phenotype library (Appendix 1)
[25]. Community prescription data were obtained from the
Prescribing Information System, capturing all NHS Scot-
land community-dispensed prescriptions. Donepezil, galan-
tamine, rivastigmine or memantine prescriptions were con-
sidered diagnostic for dementia, as these are only recom-
mended for NHS prescription for dementia treatment by the
Scottish Medicines Consortium.

The 4AT was performed on admission as part of routine
care. Scores were categorised as per instructions (www.the4A
T.com): 4AT 0 (no delirium), 4AT 1-3 (cognitive impair-
ment without delirium) and 4AT >4 (possible delirium).

Analyses

All analyses were performed using de-identified data in the
Lothian Dataloch secure data environment, using R version
44.1.

All categorical variables are presented as frequencies and
percentages and continuous variables as mean (standard
deviation) or median (interquartile range). Performance of
the 4AT was determined in relation to a pragmatic clini-
cal reference standard of recorded formal (specialist) clini-
cal dementia diagnoses in any data source, including new
diagnoses recorded during hospital admission.

Sensitivity analysis

We conducted a sensitivity analysis using only one admis-
sion per individual (randomly selected) to assess whether
recurrent admissions influenced study findings.

Ethics

The project received approval through Dataloch, including:
Caldicott Guardian, ACCORD sponsorship (AC23107),
favourable ethical opinion under Dataloch’s delegated
authority (Reference: 23/NS/0093) and a public value
assessment by the DataLoch Public Reference Group.

Results

Of 75 221 admissions, 62 188 (82.7%; 33 625 unique
patients; mean age 80.2 (SD 8.1) years; 55.8% female) had a
4AT score on admission (Table 1). Of these, 11 145 (17.9%)
had a dementia diagnosis: 9948 (16.0%) recorded at the time
of admission and 1197 (1.9%) newly recorded at discharge.

Of the 11 145 admissions with dementia, 9669 (86.7%)
had a 4AT score >1 on admission, compared to 14 994/
51 043 (29.4%) of those without recorded dementia
(Table 1). The distribution of 4AT scores was similar in
those with dementia recorded at admission and those newly
diagnosed in hospital. Of admissions with dementia, 8849
(79.4%) and 8844 (79.4%) had abnormal scores on the
AMT4 and MOTY Backwards components of the 4AT,
respectively, compared to 10 936 (21.4%) and 12 418
(24.3%) of admissions without dementia.

The estimated diagnostic accuracy of the 4AT in relation
to a recorded clinical dementia diagnosis is shown in Table 2
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at different score thresholds. A 4AT >1 demonstrated a sen-
sitivity of 0.87 (0.86-0.87) and a specificity of 0.71 (0.70-
0.71). Increasing the 4AT score cutoff increased specificity
but reduced sensitivity. At the ‘possible delirium’ cutoff of
>4, approximately half of those with dementia would be
missed.

Sensitivity analysis

Findings of an individual-based sensitivity analysis were con-
sistent with the primary admissions—based analysis (Appen-
dices 2 and 3).

Discussion

In this large population cohort routine data study, we found
that 4AT scores in both the cognitive impairment (1-3)
and delirium (>4) ranges were associated with clinically
recorded dementia. A 4AT score >1 demonstrated good sen-
sitivity and acceptable specificity for identifying dementia,
with increasing specificity at higher cutoffs, including in the
delirium range. Our findings align with those reported in a
study of 419 over-70s attending a single ED, where trained
researchers performed the 4AT and specialists evaluated all
study participants for dementia [22].

Nearly 40% of study participants had a 4AT >1, and
around 40% of these had a dementia diagnosis. Higher scor-
ing thresholds demonstrated higher specificity for clinical
dementia but lower sensitivity. We do not propose that the
4AT is diagnostic for dementia or is a standalone dementia
screening tool. Instead, we suggest that a 4AT score>1
should be interpreted as one useful potential indicator of
dementia, alongside other relevant information including
informant history, clinical context and other assessments
performed during admission. Dementia diagnosis remains
the role of specialists, but the 4AT, already widely imple-
mented for delirium detection, could help identify patients
for further in-hospital assessment or referral. [14, 15,
26, 27].

Study strengths include the large, consecutive cohort of
unselected, unscheduled medical admissions. 4AT assess-
ments were performed in routine care across three hospi-
tals, increasing generalisability. Clinically recorded demen-
tia diagnoses were likely accurate, with a previous study
in the same geographical region reporting a positive pre-
dictive value of 87.3% for recorded dementia diagnoses
compared to expert adjudication of medical records [28].
One limitation is the use of recorded dementia diagnoses
as the pragmatic reference standard, because undiagnosed
individuals are included in the no dementia comparison
group. However, we have shown that in this population,
combining primary care, hospital discharge and community-
prescribing records captures ~80% of estimated dementia
cases [29]. Overall, the undiagnosed patients are therefore a
small proportion of the no dementia group used in analyses
in this study. We were unable to test 4AT scores in relation
to both diagnosed and undiagnosed dementia in all eligible
patients, unlike in the study by O’Sullivan ez 4/. [22]. HDR
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Table I. Characteristics and 4AT scores of all admissions during the study period with a recorded 4AT score, stratified by

dementia status

Age in years
Mean (SD)
Sex F (%)
SIMD quintile s N (%)
1 (most deprived)
2
3
4
5 (least deprived) 231 missing
Ethnicity NV (%)
White
Other ethnic group 1932 missing
4AT score on admission N (%)
0
1-3
4+
4AT components N (%)
Alertness
Normal (0)

Mild sleepiness <10 s, then normal (0)

Clearly abnormal (4)
AMT4

No mistakes (0)

1 mistake (1)

2 or more mistakes/ untestable (2)
Attention

7 MOTY backwards correctly (0)

Starts but <7 MOTY backwards correct (1)

Untestable (2)

Acute change or fluctuating course
No (0)
Yes (4)

All admissions™
N =62188

80.2 (8.1)
34708 (55.8)

10 588 (17.1)
15530 (25.1)
10395 (16.8)
10 224 (16.5)
15 220 (24.6)

57 847 (96.0)
2409 (4.0)

37 525 (60.3)
12912 (20.8)
11751 (18.9)

55 888 (89.9)
3158 (5.1)
3142 (5.1)

42 403 (68.2)
7268 (11.7)
12 517 (20.1)

40 926 (65.8)
12 562 (20.2)
8700 (14.0)

54 823 (88.2)
7365 (11.8)

No dementia recorded

N =51043

79.3 (8.1)
28 048 (54.9)

8790 (17.3)
13 029 (25.6)
8697 (17.1)
8080 (15.9)
12,251 (24.1)

47 411 (95.9)
2021 (4.1)

36 049 (70.6)
8803 (17.2)
6191 (12.1)

47 479 (93.0)
1995 (3.9)
1578 (3.1)

40 107 (78.6)
5061 (9.9)
5875 (11.5)

38 625 (75.7)
8161 (16.0)
4257 (8.3)

46 819 (91.7)
4224 (8.3)

Dementia recorded on
admission IV = 9948

84.1 (6.8)
5959 (59.9)

1617 (16.3)
2231 (22.5)
1528 (15.4)
1883 (19.0)
2656 (26.8)

9341 (96.5)
340 (3.5)

1327 (13.3)
3630 (36.5)
4991 (50.2)

7483 (75.2)
1051 (10.6)
1414 (14.2)

2044 (20.5)
1914 (19.2)
5990 (60.2)

2055 (20.7)
3825 (38.4)
4068 (40.9)

7177 (72.1)
2771 (27.9)

Dementia newly recorded

at discharge V = 1197

85.0(7.2)
701 (58.6)

181 (15.1)
270 (22.6)
170 (14.2)
261 (21.8)
313 (26.2)

1095 (95.8)
48 (4.2)

149 (12.5)
479 (40.0)
569 (47.5)

935 (78.1)
112 (9.4)
150 (12.5)

252 (21.1)
293 (24.5)
652 (54.5)

246 (20.6)
576 (48.1)
375 (31.3)

827 (69.1)
370 (30.9)

*Of 75 221 admissions during the study period, 13 033 (17.3%) had no recorded 4AT score: 1659 (14.3%) with dementia recorded on admission, 11 278 (18.1%)
with no dementia and 96 (7.4%) with dementia newly recorded at discharge. *SIMD, Scottish Index of Multiple Deprivation, an area-based measure of relative

social deprivation.

Table 2. Diagnostic test accuracy of the 4AT relative to the reference standard of a clinical dementia diagnosis recorded in any

data source

Number screening Sensitivity (95% CI)
positive at threshold

(% of all admissions)

PPV (95% CI) Specificity (95% CI) NPV (95% CI)

4AT >1 24 663 (39.7) 0.87 (0.86-0.87)
4AT >2 19 074 (30.7) 0.78 (0.77-0.78)
4AT >3 14 865 (23.9) 0.65 (0.64-0.66)
4AT >4 11751 (18.9) 0.50 (0.50-0.51)

0.39 (0.39-0.40)
0.45 (0.45-0.46)
0.49 (0.48-0.49)
0.47 (0.46-0.48)

0.71 (0.70-0.71)
0.80 (0.79-0.80)
0.85 (0.85-0.85)
0.88 (0.88-0.88)

0.96 (0.96-0.96)
0.94 (0.94-0.94)
0.92 (0.91-0.92)
0.89 (0.89-0.89)

PPV, positive predictive value; NPV, negative predictive value

UK dementia phenotype codes do not include dementia
with Lewy bodies, although this comprises ~5% of recorded
dementia [25, 30]. Another limitation is that 17% of patients
did not have a 4AT performed. However, a large majority of
patients in the study had both 4AT and clinical dementia
ascertainment, and, overall, the pattern of results is similar
to that reported in the prior prospective study [22]. We used
an admissions-based approach, which may overrepresent
individuals with multiple admissions who are more likely to
have dementia. However, this approach reflects real-world
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diagnostic practices, and an individual-based sensitivity anal-
ysis showed similar findings.

Future work could explore combining 4AT scores with
other readily available variables such as frailty scores, age
thresholds and comorbidities to identify patients who may
benefit from more detailed assessment. Use of such a col-
lection of indicators could be deployed in different ways
depending on local context, availability of specialists and
resources in the hospital and the community. The current
analysis could also be extended to explore the association



between specific domains of the 4AT (notably AMT4 and
MOTY backwards) and dementia diagnoses.

Conclusion

The 4AT is easy to implement and already widely used
globally for delirium detection. Our findings suggest 4AT
scores could also be leveraged alongside other clinical indica-
tors to identify hospitalised patients with possible dementia
requiring further inpatient specialist diagnostic assessment
and/or post-discharge follow-up.
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